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PREFACE 


This  book  is  an  attempt  to  describe  the  knowledge  which  we  have 
found  necessary  to  acquire  and  use  during  our  work  in  Tropical 
Africa  and  Asia.  We  are  well  aware  how  difficult  it  is  to  discover 
one's  own  omissions  and  mistakes,  and  for  such  as  may  be  found 
in  this  work  we  ask  the  indulgence  of  the  reader. 

An  attempt  has  been  made  to  keep  the  book  as  small  as  possible, 
but  at  the  same  time  to  describe,  however  briefly,  the  many  subjects 
with  which  we  have  found  it  necessary  to  be  acquainted.  In  order 
to  attain  this  object,  we  have  omitted  all  reference  to  practical 
laboratory  methods,  as  such  can  readily  be  obtained  in  the  excellent 
works  of  Daniels  and  Staunton,  or  Stephens  and  Christophers. 
Similarly,  detailed  descriptions  of  bacteria  have  not  been  included, 
as  they  are  contained  in  any  of  the  modern  textbooks  on  bacteriology, 
such  as  those  by  Muir  and  Ritchie,  by  Hewlett,  or  by  Stitt,  one  of 
which  should  be  in  the  possession  of  every  practitioner  working  in 
the  Tropics.-  Notwithstanding  our  desire  for  brevity,  we  have  con- 
sidered it  advisable  in  a  few  instances  to  repeat  our  descriptions  of 
parasites  in  the  clinical  portion  of  the  work.  This,  however,  has 
only  been  done  when  such  descriptions  were  necessary,'  in  order  to 
give  the  reader  a  clear  general  account  of  the  disease. 

In  the  Clinical  Section  we  have  given  importance  to  the  descrip- 
tions of  treatment,  going  into  details,  which  some  may  think  super- 
fluous ;  but  we  know  by  experience  that  these  details  as  regards 
dosage,  modes  of  administration,  etc.,  are  required  by  the  practi- 
tioner working  in  the  Tropics,  who  often  has  no  opportunity  of 
consulting  books  on  therapeutics  and  materia  medica. 

We  desire  to  acknowledge  gratefully  the  sympathy  shown  to  us 
by  the  officials  of  the  Colonial  Office  in  London  during  the  prepara- 
tion of  this  work. 

We  are  indebted  to  Sir  Hugh  Clifford,  K.C.M.G.,  Sir  Allan  Perry, 
M.D.,  Dr.  Sambon,  Dr.  Willey,  Mr.  Green,  Miss  Robertson,  Mr.  Bar- 
nard, Mr.  Browning,  and  Mr.  Drieberg  for  reading  certain  portions 
of  the  proofs,  and  for  kindly  lending  us  specimens  and  illustrations. 


viii  PREFACE 

It  gives  us  great  pleasure  to  express  our  thanks  to  our  artists, 
Mr.  Terzi  and  Mr.  M.  J.  de  Silva,  for  the  skill  with  which  they  have 
executed  the  drawings.  Though  a  large  number  of  these  are 
original,  still  we  have  been  compelled  in  order  to  illustrate  the  work 
fully  to  draw  upon  the  generosity  of  a  number  of  authors  and 
publishers.  We  desire  to  state  how  much  we  are  indebted  to  the 
kindness  of  these  gentlemen  in  allowing  us  to  redraw  their  originals 
— a  task  which  has  been  performed  as  carefully  as  possible,  and  it 
is  hoped  that  no  error  has  in  any  way  crept  in. 

It  is  our  desire  to  acknowledge  in  the  fullest  manner  the  source 
of  these  copied  drawings,  and  if  any  omission  is  found  it  is  purely 
accidental.  We  are  especially  indebted  to  Professor  Looss,  of 
Cairo,  who  with  the  greatest  generosity  offered  us  his  valuable 
original  drawings  of  worms  ;  to  Professor  Nuttall,  many  of  whose 
drawings  of  mosquitoes  and  ticks  have  been  used  ;  to  Mr.  Austen 
and  the  Trustees  of  the  British  Museum  for  several  illustrations  of 
mosquitoes  and  flies  ;  to  Professor  Ross  for  permission  to  copy 
certain  drawings  from  the  publications  of  the  Liverpool  School  of 
Tropical  Medicine  ;  and  to  Professor  R.  Blanchard,  Professor  Hart- 
mann,  Professor  Fiilleborn,  the  Honourable  Charles  Rothschild,  Dr. 
Lesage,  Dr.  Rodewald,  and  Dr.  Neveu-Lemaire,  for  permission  to 
use  some  of  their  valuable  drawings. 

We  have  also  to  thank  Colonel  Sir- William  Leishman,  the  Honour- 
able Mr.  Warren,  C.M.G.  (Surveyor-General  of  Ceylon),  Professor 
Grassi,  Dr.  C.  Mense,  Colonel  Giles,  Captain  Christophers,  Captain 
Craig,  Captain  Patton,  Mr.  Fantham,  and  Mr.  Dobell,  for  kind 
permission  to  utilize  their  illustrations. 

We  have  also  to  acknowledge  the  kindness  of  the  authorities  of 
the  Royal  Society,  and  of  the  Hygiene  Laboratory  of  the  Public 
Health  and  Marine  Hospital  Service  of  the  United  States,  as  well 
as  the  Editors  of  the  Archiv  fur  Schiffs-  und  Tropen-Hygiene,  of  the 
Lancet,  of  the  British  Medical  Journal,  of  the  Archiv  fur  Protisten- 
kunde,  of  the  Quarterly  Journal  of  the  Microscopical  Science,  of  the 
American  Journal  of  Medical  Sciences,  of  the  Journal  of  Hygiene, 
and  of  the  Journal  of  Parasitology,  in  allowing  us  to  copy  certain 
prints. 

Finally,  we  desire  to  acknowledge  the  constant  kindness  and 
courtesy  of  our  publishers,  Messrs.  Bailliere,  Tindall,  and  Cox. 

ALDO  CASTELLANI. 
ALBERT  J.  CHALMERS. 

Colombo,  Ceylon. 
April,  1910. 
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PRIMITIVE   KNOWLEDGE. 

Primitive  peoples  from  the  earliest  times  had  some  knowledge 
of  medicine,  but  they  did  not  understand  the  phenomena  of  disease, 
which  they  .attributed  to  supernatural  causes,  generally  to  evil 
or  offended  spirits.  Hence,  in  order  to  cure  their  ailments,  it 
was  natural  that  they  should  seek  to  propitiate  these  spirits ;  and 
accordingly  we  find  that  the  medicine  of  primitive  peoples  was  part 
of  their  religion,  and  was  administered  by  their  witch-doctors,  fetish- 
men,  and  priests. 

This  primitive  condition  is  still  met  with  in  many  parts  of  the 
tropical  world.  Thus,  on  approaching  a  West  African  village,  little 
images  will  be  found  on  the  roadside  with  offerings,  which  are  often 
to  make  '  ju-ju '  against  some  disease — e.g.,  smallpox — which,  in  the 
guise  of  a  malignant  spirit,  might  otherwise  enter  the  village. 

Among  native  peoples  will  be  found  many  curious  medical,  sur- 
gical, and  obstetrical  practices  which  are  very  interesting. 

In  Ceylon  the  superstitions  are  quite  as  elaborate  as  in  West  Africa,  if  not 
more  so.  Pestilences  are  considered  to  be  punishments  on  the  people  for 
wickedness,  and  to  be  brought  about  by  the  conjunction  of  Saturn  and  Jupiter, 
or  Saturn  and  Mars  in  Sagittarius. 

Every  illness  is  supposed  to  be  due  to  a  demon  or  to  the  '  evil  eye,'  and  it  is 
dangerous  for  a  sick  person  to  come  in  contact  with  an  unclean  person  — the 
word  '  unclean  '  being  used  in  the  Biblical  sense— who  is  supposed  to  convey 
to  the  sick  man  a  '  killa  ' — that  is  to  say,  a  something  which  increases  the 
severity  of  the  illness.  When  a  person  is  ill,  every  trivial  incident  becomes 
of  importance,  and  is  discussed  serioiisly  to  discover  whether  it  is  a  good  or 
bad  omen. 

Another  means  of  prognosis  of  great  importance  is  the  horoscope,  which 
is  generally  made  for  the  child  soon  after  birth,  and  is  written  on  a  palm-leaf. 
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From  it  the  influence  of  the  planets  with  regard  to  good  or  evil  on  the  individual 
can  be  calculated.  If  the  influences  of  the  planets  are  unfavourable,  some- 
thing can  still  be  done  by  propitiatory  means.  ■□  ij.-    • 

In  times  of  pestilences,  when  the  planets  are  contrary,  the  goddess  Fattini 
can  still  intervene  and  avert  the  epidemic  if  proper  devotion  is  paid  to  her. 

Charms  are  used  to  drive  out  the  evil  spirit,  or  devil-dancmg  to  shame  or 
terrify  him  so  that  he  may  leave  the  body.  Once  out,  amulets  are  used  to 
prevent  his  re-entry,  and  '  pirit,'  or  the  repetition  of  meritorious  verses  by 
priests,  is  also  adopted.  , 

Before  any  medicine  can  be  administered,  the  position  of  the  '  kalawa  or 
vital  spot,  must  be  ascertained.  This  spot  moves  all  over  the  body  in  regular 
succession,  occurring  in  different  parts  in  different  phases  of  the  moon.  Its 
position  must  be  correctly  calculated,  and  it  will  then  be  seen  whether  it  is 
safe  or  otherwise  to  administer  certain  drugs.  Another  important  matter  is  the 
constitution  of  the  individual,  whether  it  is  inclined  to  be  inflammatory  or 
not,  and  the  person  must  be  dieted  so  as  to  counteract  the  baneful  effects  of 
the  constitution. 

During  pregnancy  care  is  taken  with  the  diet  and  to  avoid  unpleasant 
maternal  impressions,  and  many  curious  superstitions  are  connected  with 
child  -  birth,  such  as  passing  the  woman's  body  through  a  hoop  in  order  to 
bring  about  an  easy  labour.  Great  fear  is  felt  lest  the  severed  cord  should 
be  drawn  up  into  the  uterus,  and  much  good  luck  is  associated  with  birth  in 
a  caul,  or  even  with  its  possession. 

Native  peoples  have  generally  a  good  knowledge  of  medical  and 
poisonous  plants  growing  in  their  vicinity,  and  it  is  well  for  the 
medical  man  living  in  the  tropics  to  remember  that  cinchona-bark 
was  originally  simply  a  native  Ecuador  remedy,  and  that,  therefore, 
it  is  not  advisable  to  entirely  despise  popular  drugs. 

The  earliest  medicine,  like  that  of  certain  races  at  the  present 
time,  must  have  been  largely  religious  or  theurgic,  and  hence  very 
empirical.  From  this  ancient  condition  many  races — for  example, 
the  Chinese,  Japanese,  Aztecs,  and  Incas — developed  a  system  of 
primitive  medicine,  but  without  any  great  result. 

Two  races,  however,  appear  to  have  advanced  far  beyond  this 
elementary  stage,  and  to  have  laid  the  foundation  upon  which 
modern  medicine  has  been  built.  These  two  races  are  the  peoples  of 
India  and  Egypt. 

INDIAN  MEDICINE. 

In  India  there  are  signs  of  the  existence  of  peoples  among  whom 
at  a  very  early  period  a  better  race  from  the  north-west  forced  its 
way.     This  race  is  often  spoken  of  as  the  Aryan  stock. 

Their  earliest  literature  appears  to  have  been  in  the  form  of  songs 
or  hymns,  and  these  were  collected  into  what  is  called  the  Rig- Veda. 

Later,  three  more  books  called  Samaveda,  A5rurveda,  and  Athar- 
vaveda  were  added,  forming  the  Four  Vedas.  The  word  '  Veda  ' 
is  said  to  be  derived  from  the  same  root  as  the  Latin  videre,  to 
see.  The  Vedas  were  said  to  be  divinely  inspired,  and  therefore  to 
represent  the  wisdom  of  God. 

The  Ayurveda,  or  medical  works,  were  believed  to  have  originated 
directly  from  Brahma,  who  communicated  them  to  Prajapati,  his 
son,  by  whom  they  were  passed  to  the  Acwins,  or  sons  of  the  sun. 
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who  in  their  turn  gave  them  to  Indra.  Indra  taught  Bharadwaja, 
a  learned  sage,  whose  pupil,  Agniveca,  produced  a  work  on  the 
subject,  which  was  subsequently  edited  and  corrected  by  Charaka, 
whose  name  it  bears,  the  true  Ayurveda  being  destroyed. 

Besides  this  ancient  work,  there  is  another,  by  Susruta,  in  which 
fevers  are  ascribed  to  the  bites  of  mosquitoes.  The  age  of  these 
ancient  books  is  quite  unknown. 

There  is  no  doubt  that  the  ancient  doctors  were  well  versed  not 
merely  in  medicine  and  surgery,  but  in  the  prevention  of  disease 
and  in  operative  midwifery.  They  apparently  knew  diabetes 
niellitus,  dysentery,  phthisis,  syphilis,  and  diseases  due  to  worms, 
etc.  In  diagnosis  they  paid  great  attention  to  the  examination  of 
the  pulse,  the  temperature  of  the  body,  the  colour  of  the  skin,  the 
urine,  faeces,  eye,  voice,  and  the  respiratory  sounds.  They  possessed 
a  remarkable  symptomatology,  and  as  regards  treatment,  divided 
diseases  into  incurable,  which  they  refused  to  treat,  and  curable, 
which  they  treated  according  to  a  copious  materia  medica.  Among 
the  various  remedies  must  be  mentioned  the  fact  that  inoculation 
against  smallpox  was  practised  at  the  beginning  of  the  warm 
season.     Dietetics  and  toxicology  were  also  well  known. 

Hospitals  were  founded  by  Buddhist  princes  in  India  and  Ceylon. 
In  fact,  there  is  an  account  of  a  hospital  being  founded  in  Anuradha- 
pura,  the  ancient  capital  of  Ceylon,  as  early  as  the  fifth  century  B.C., 
and  later  many  more  were  established,  as  well  as  a  sort  of  medical 
or  sanitary  department,  having  one  medical  officer  to  every  ten 
villages,  together  with  a  definite  sanitary  organization,  and  with 
institutions  for  the  reception  of  cripples,  deformed,  and  poor 
persons.  One  of  the  Sinhalese  kings  appears  to  have  known  and 
practised  medicine  himself. 

Unfortunately,  caste  distinctions  became  more  rigid,  and  the 
Brahmans,  fearing  to  touch  blood  or  diseased  matter,  left  the  study 
of  medicine  to  lower  castes,  and  later,  when  the  hospitals  were 
closed,  Indian  medicine  sank  to  a  very  low  position,  and  did  not 
again  revive  till  the  British  Government  founded  its  medical  schools 
and  research  institutions.  Moreover,  the  invasions  of  India  by 
Mohammedans,  and  of  Ceylon  by  Tamils,  seem  to  have  thoroughly 
upset  all  these  excellent  medical  arrangements.  The  practitioner 
who  works  in  India  or  Ceylon  must  not  be  surprised  to  find  that  the 
people  strongly  believe  in  theirown  system  of  medicine  and  medical 
men.  At  the  same  time,  it  must  be  remembered  that  their  science 
and  art  is  a  great  degeneration  from  the  ancient  Indian  medicine. 

Modern  tropical  medicine  has  now  reached  India  and  Ceylon  from 
the  West,  and  native  medical  men  in  increasing  numbers  are  to  be 
found  trained  in  modern  medicine  and  surgery.  In  other  words, 
in  these  regions  there  have  been  three  medical  epochs — the  first,  in 
which  there  was  great  enlightenment  and  study ;  the  second,  in  which 
the  knowledge  so  acquired  was  largely  lost ;  and  the  third,  in  which 
a  revival  of  medical  knowledge  has  come  about  by  importation  from 

the  West. 

I — 2 
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EGYPTIAN  MEDICINE. 

In  the  meanwhile,  and  probably  quite  independently,  medicine 
lad  begun  to  be  studied  in  Egypt ;  for  two  papyri,  one  called  the 
Ebers,  or  Leipzig  Papyrus,  of  the  sixteenth  century  b.c. — i.e.,  about 
[550  B.C. — and  the  other  the  Berlin  Papyrus,  of  the  fourteenth 
;entury  B.C.,  have  been  found. 

It  seems  probable  that  the  Ebers  Papyrus  represents  in  writing 
;he  oldest  Egyptian  medicine,  which  previously  had  existed  engraved 
m  pillars  of  stone,  ascribed  to  the  god  Thot,  who  is  regarded  by 
nany  experts  as  the  Egyptian  .^sculapius,  though  other  authorities 
issign  this  to  Imhotep  (meaning  physician),  whose  temple  was  at 
Memphis.  This  Ebers  Papyrus  is  a  compilation  written  by  several 
jeople,  one  of  whom  appears  to  have  been  an  oculist  living  in  Byblos 
n  Phoenicia.  It  is  thought  that  it  was  written  at  On  (Heliopolis), 
where  medicine  was  taught  by  a  kind  of  polyclinic.  This  papyrus 
;ontains  a  great  deal  of  medical  knowledge,  including  remedies  for 
iiseases  of  the  stomach,  abdomen,  and  urinary  bladder. 

Directions  for  the  removal  of  buboes  and  concerning  diseases  of 
;he  eyes  and  other  sense-organs,  nerves,  heart,  etc.,  are  given, 
further,  it  gives  directions  for  getting  rid  of  fleas  and  lice.  It  also 
:ontains  an  account  of  a  disease  called  'AAA'  and  '  U  H  A,'  caused 
)y  a  worm  Heltu.  The  symptoms  of  the  disease  are  described, 
md  a  remedy  is  prescribed  for  the  patient  who  has  the  worms 
n  his  abdomen.  There  is  a  difference  of  opinion  as  to  what 
lisease  is  referred  to,  and  what  kind  or  kinds  of  worms  are  meant, 
t  is  quite  possible  that  it  was  not  such  a  small  worm  as  an 
Lgchylostome,  but  rather  some  other  larger  species — e.g.,  an  ascaris, 
ir  a  tapeworm,  or  even  an  oxyuris,  especially  as  these  would  be 
lassed  per  anum,  and  would  be  easily  seen.  The  ancient  Egyptians 
ire  said  not  to  have  opened  the  bowels  in  embalming  the  body, 
hough  they  may  have  washed  out  the  contents  of  the  bowels,  and 
hus  have  found  the  agchylostome. 

The  word  '  A  A  T  '  in  inscriptions  on  the  temple  of  Denderah 
3  said  to  refer  to  malaria.  Egyptian  medicine  laid  the  foundations 
f  Jewish  and,  in  part,  of  Grecian  medicine. 


JEWISH  MEDICINE. 

The  next  clear  reference  to  a  tropical  disease  is  to  be  found  in  the 
Jible  ;  for  in  the  Book  of  Numbers  there  is  a  description  of  a  plague 
f  fiery  serpents,  which  quite  possibly  refers  to  the  guinea-worm 
Dracunculus  medinensis).  Moreover,  it  appears  as  though  Moses  had 
aught  the  Israelites  how  to  extract  the  worm  by  winding  it  round  a 
liece  of  stick,  as  is  done  to-day  in  many  parts  of  Africa.  Further,  he 
ppears  to  have  made  a  model  in  brass  of  the  method  to  be  adopted 
-or,  at  all  events,  of  the  worm — in  imitation  of  Egyptian  customs. 

Again,  in  the  First  Book  of  Samuel,  chapters  v.  and  vi.,  there  is 
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an  account  of  a  disease  spreading  among  the  inhabitants  of  the 
cities  of  Ashdod,  Gath,  Ekron,  and  Beth-shemesh,  in  which  place 
no  fewer  than  50,070  men  are  said  to  have  died.  This  disease  was, 
without  doubt,  Oriental  plague.  The  only  point  necessary  in  order 
to  understand  the  reference  is  to  remember  that  '  emerods  '  are 
buboes.  It  is,  further,  interesting  to  observe  that  these  ancient 
people  noted  that  the  '  mice  '  died  and  marred  the  land,  showing 
that  the  plague  affected  both  man  and  rat. 

No  one  can  faU  to  be  impressed  by  the  careful  hygienic  precau- 
tions of  the  Mosaic  period.  For  example,  consider  how  animals 
were  divided  into  the  clean  and  unclean,  the  reason  for  this  being 
that  the  priests,  in  preparing  them  for  sacrifice,  noted  the  presence 
of  parasites  in  the  flesh  of  viscera  of  certain  animals,  which  were 
therefore  to  be  avoided. 

It  is  true  that  the  classification  of  disease  was  very  simple — viz., 
into  acute  disorders,  called  '  plague  ' ;  and  chronic  disorders,  with 
some  sort  of  eruption,  called  '  leprosy ' — but  the  extremely  stringent 
quarantine  rules  very  likely  did  a  great  deal  of  good,  though  doubt- 
less very  unkind  to  the  unfortunate  sufferer. 

GRECIAN  MEDICINE. 

The  next  great  work  is  that  of  Hippocrates,  who  was  supposed 
to  be  descended  from  .(Esculapius,  and  who  lived  at  Cos,  and  is  said 
to  have  been  born  about  460  b.c.  His  forefathers  appear  to  have 
been  attached  to  this  ancient  temple  of  health,  and  there  is  no 
doubt  that  he  himself  practised  in  the  Asclepion  of  Cos,  of  which 
an  excellent  account  has  recently  been  given  by  Caton. 

The  writings  of  Hippocrates,  the  most  eminent  of  the  eight 
physicians  called  by  that  name,  are  most  interesting  ;  for  he  clearly 
distinguished  intermittent  fevers  from  continuous  fevers.  Further, 
he  recognized  quotidian,  tertian,  and  quartan  fevers,  and  noted 
their  frequency  in  summer  and  autumn,  and  their  occurrence  near 
stagnant  water  and  after  rains. 

He  also  mentions  relapsing  fever,  which,  after  his  period,  was 
forgotten  till  the  eighteenth  century. 

When  considering  this  advanced  condition  of  Grecfan  medicine 
in  the  time  of  Hippocrates,  it  must  be  remembered  that  it  probably 
owed  much  to  Indian  and  Egyptian  sources. 

ALEXANDRIAN  MEDICINE. 

After  the  death  of  Alexander  the  Great,  and  the  disruption  of  the 
Empire  of  Macedonia,  medical  science  again  went  back  to 
Egypt  under  the  Ptolemies,  and  here  in  170  B.C.  Agatharchides 
described  Dracunculus. 

It  is  remarkable  that  this  school  was  entirely  influenced  by 
Grecian,  and  not  at  all  by  Egyptian  medicine.  The  period  of  the 
supiiemacy  of  Alexandrian  medicine,  however,  did  not  last  long. 
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GRiECO-ROMAN  MEDICINE. 

After  Alexandrian  medicine  came  Graeco-Roman  medicine,  largely- 
derived  directly  from  the  Greek,  for  Roman  medicine,  until  this 
influence  came  to  be  felt,  was  very  primitive.  Among  the  physicians 
of  this  period  may  be  mentioned  Themison  of  Laodicea  (50  B.C.), 
who  was  the  first  to  describe  elephantiasis  grsecorum,  or  leprosy. 

After  him  comes  the  great  master  of  Roman  medicine,  Aulus 
Cornelius  Celsus  (25  b.c.  to  a.d.  45).  It  is  quite  possible  that 
Celsus  was  not  a  medical  man,  but,  whether  or  not,  he  has  left 
behind  him  in  his  eight  books  of  medicine  a  most  valuable  treatise.  To 
him  belongs  the  credit  of  clearly  distinguishing  two  types  of  tertian 
malarial  fever — ^viz.,  a  simple  and  a  much  graver  form.  Hundreds 
of  years  later  this  was  put  upon  a  scientific  basis  by  the  researches 
of  Marchiafava,  Celli,  and  Bignami,  in  the  same  city  (Rome).  He 
also  recognized  the  double  quartan  fever,  and  gave  a  description  of 
elephantiasis,  by  which  he  meant  leprosy. 

After  Celsus,  medicine  flourished  in  both  the  Eastern  and  the 
Western  Empires.  Among  the  many  writers  of  this  period, 
attention  may  be  drawn  to  Aretseus  of  Cappadocia  (a.d.  30-90), 
who  describes  dysentery,  and  gives  a  long  account  of  elephantiasis. 

Grecian  medicine  reaches  its  zenith  in  Galen,  who  was  born  at 
Pergamum  a.d.  131,  and  died  a.d.  210;  He  studied  especially  in 
Alexandria,  and  described  carefully  tertian  and  quartan  malaria. 

The  next  work  which  may  be  mentioned  is  the  compilation  of 
Paulus  of  jEgina,  at  the  end  of  the  seventh  century  a.d.  This  work 
gives  a  synopsis  of  medicine  from  the  time  of  Galen  up  to  nearly 
the  end  of  the  seventh  century.  In  the  second  book  considerable 
space  is  devoted  to  the  malarial  fevers,  and  there  is  also  a  section 
on  '  Plague,'  but  what  is  meant  by  this  is  not  certain,  though 
Procopius,  of  the  sixth  century,  is  said  to  have  written  an  account 
of  glandular  plague.  There  is  also  an  article  on  siriasis,  by  which 
was  meant  an  inflammation  of  the  brain  in  young  children.  In 
the  third  book  information  is  given  concerning  cholera,  tenesmus, 
and  dysentery. 

His  fourth  book  is  particularly  interesting,  beginning  with  a 
description  of  elephantiasis  graecorum,  or  leprosy.  It  contains  an 
account  of  broad  and  round  worms,  especially  ascarides  and 
dracunculus,  and  further  describes  the  bites  of  snakes,  dogs,  spiders, 
scorpions,  centipedes,  lizards,  crocodiles,  and  other  animals.  There 
is  also  a  description  of  the  stings  of  wasps  and  bees,  and  an  account 
of  poisons. 

ARABIAN  MEDICINE. 

After  the  fall  of  the  Roman  Empire,  medical  knowledge  was  kept 
alive  by  the  Arabians  from  the  eighth  to  the  thirteenth  century. 

Among  these  may  be  mentioned  Avicenna  (Abu  Ali  el  Hossein 
ebu  Abdallah  abu  Sini,  a.d.  980-1037),  who  gives  an  account  of 
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elephantiasis  arabum  under  the  term  '  elephantia,'  whereas  he  called 
elephantiasis  graecorum  '  juzam,'  or  '  judam,'  which  is  interpreted 
into  leprosy.     He  was  also  acquainted  with  intermittent  fevers, . 
as  was  also  Rhazea,  another  celebrated  physician. 

Arabian  medicine,  carrying  with  it  Greek  medicine,  was  intro- 
duced into  Spain,  from  whence  it  was  reintroduced  into  Italy  by 
the  translation  of  Greek  works  from  Arabic  into  Latin  by  scholars 
in  Spain.  This  old  learning  in  new  form  was  particularly  welcomed 
at  the  school  of  Salerno,  which,  indeed,  alone  had  preserved  some 
ideas  of  Greek  medicine. 

MODERN  MEDICINE. 

Later  came  the  general  revival  of  learning,  and  at  the  same  time, 
as  Payne  so  aptly  puts  it,  the  medical  men  of  Western  Europe 
were  confronted  with  new  diseases  from  the  East,  which  came 
in  epidemic  form — e.g.,  the  plague  and  typhus.  Indeed,  it  was 
during  the  study  of  syphilis  that  Girolamo  Fracastori  (1483-1553) 
first  started  modern  epidemiology  by  formulating  the  theory  of 
contagion. 

DISCOVERY  OF  CINCHONA-BARK. 

In  the  seventeenth  century  the  epoch-making  discovery  of  the 
value  of  cinchona-bark  in  the  treatment  of  malarial  fevers  took 
place. 

In  1638  the  Countess  of  Chinchon,  wife  of  the  fourth  Count, 
Viceroy  of  Peru,  after  nine  years'  residence  in  that  country,  was 
seized  with  tertian  malarial  fever.  Don  Lopez  de  Canizaries,  the 
Corregidor  of  Loxa,  hearing  of  this,  sent  her  a  parcel  of  the  bark 
of  a  tree  called  by  the  Indians  of  Loxa  '  quina-quina.'  The  duplica- 
tion of  the  name  of  the  tree  is  said  to  indicate  that  it  has  medical 
properties. 

The  value  of  this  bark  in  the  treatment  of  fever  appears  to  have 
been  only  known  locally,  but  was  understood  by  the  Spaniards  in 
Loxa  as  far  back  as  1600.  How  the  Indians  became  acquainted 
with  the  bark  is  not  known,  and  the  tales  of  the  curing  of  their 
fevers  by  drinking  the  water  of  a  lake  into  which  a  cinchona-tree 
had  fallen,  or  of  a  sick  puma  chewing  the  bark,  are  considered  to  be 
myths  invented  later  in  Europe. 

Dr.  Don  Juan  de  Vega  administered  the  bark  to  the  Countess, 
who  quickly  recovered,  and  four  years  later  returned  to  Europe 
with  a  large  supply  of  the  bark,  which  she  distributed  to  persons 
suffering  from  fever  on  her  estates  near  Madrid.  Hence  the  bark 
was  often  known  as  Pulvis  comitissee.  In  1670  Jesuit  missionaries 
sent  some  of  the  bark  to  Rome,  from  whence  it  was  distributed 
throughout  Europe  by  Cardinal  de  Lugo.  Hence  the  names 
'  Jesuit's  '  or  '  Cardinal's  '  bark. 

Linnaeus  named  the  tree  after  the  Countess,  but  spelt  her  name 
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Tongly,  calling  the  tree  Cinchona  officinalis.  A  curious  strife  now 
)se  in  Europe  as  to  whether  fever  should  be  treated  by  bark  or 
ot,  but  the  labours  of  Morton  and  Sydenham,  together  with  the 
ramatic  cure  of  the  Grand  Dauphin,  enabled  its  true  value  to  be 
nown.  The  tree  has  since  that  time  been  introduced  into  several 
arts  of  the  world,  and  grows  well  in  India,  Ceylon,  and  Java. 
Morton,  Sydenham,  and  Torti  gave  excellent  clinical  accounts  of 
le  fevers  included  under  the  term  'malaria,'  the  latter  especially 
ealing  with  the  pernicious  fevers.  In  1717  Lancisi  appears  to  have 
jreshadowed  the  discovery  of  the  spread  of  the  disease  by  mos- 
uitoes,  for  he  considered  that  marshes  caused  these  fevers  by  their 
lorganic  and  organic  emanations.  In  1820  Pelletier  and  Caventou 
repared  the  alkaloid  quinine  from  cinchona-bark. 


BEGINNING  OF  MODERN  TROPICAL  MEDICINE. 

HELMINTHOLOGY. 

The  foundation  of  modern  tropical  medicine  may  be  said  to  have 
leen  laid  when  it  was  realized  that  parasites  caused  disease. 

Worms,  as  has  already  been  noticed,  were  known  to  the  ancients 
n  the  shape  of  round  and  tape  worms.  Trematodes  were  first  recog- 
lized  by  Jehan  de  Brie  in  the  form  of  the  liver-fluke  in  sheep,  which 
VZ.S  afterwards  described  in  1547  by  Gabucinus,  the  knowledge  of 
hese  animals  being  extended  later  by  Leeuwenhoek  (1675),  S'wam- 
nerdam  (1752),  Rosenhof  (1758),  Miiller  (1777),  Zeder  (1800),  while 
n  1808  Rudolphi  invented  the  word  Tjorj/^xTuSrjs,  meaning  'pierced 
>y  holes,' for  Zeder's  sucking- worms.  The  knowledge  of  parasitic 
vorms  has  been  greatly  extended  by  the  works  of  Dubini,  the  dis- 
x)verer  of  the  agchylostome,  Cobbold,  Von  Siebold,  BUharz,  Pruner, 
jriesinger,  Leuckart,  Sonsino,  Perroncito,  and  Braun.  More  re- 
;ently  by  Looss,  of  Cairo ;  Low  and  Stiles,  of  the  United  States  of 
\merica ;  Von  Linstow ;  Sambon  and  Leiper,  of  the  London  School  of 
Tropical  Medicine  ;  Ashburn,  Craig,  Musgrave,  and  other  workers  in 
;he  Philippine  Islands  ;  Railliet  and  Blanchard  in  Paris  ;  Miura  and 
Katsurada  in  Japan. 

But  among  all  these  names  connected  with  tropical  helminthology 
:hat  of  Sir  Patrick  Manson  stands  out  pre-eminently  first  for  the 
:ar-reaching  importance  of  his  researches  into  fiJariasis.  The 
ietailed  history  of  the  discovery  of  Filaria  bancrofti  will  be  given 
ater  ;  therefore  it  will  suffice  to  state  here  that  the  microfilaria  was 
discovered  by  Demarquay,  and  that  Lewis  and  Sonsino  extended 
the  knowledge  of  this  discovery  by  finding  the  parasite  in  blood, 
while  Bancroft  found  the  adult  in  an  abscess.  Manson,  in  1881, 
:learly  pointed  out  the  connection  between  this  worm  and  elephanti- 
asis, and  in  1882  demonstrated  the  extraordinary  periodicity  of  the 
gmbryo,  which  at  that  time  was  discredited  by  all  to  whom  he 
described  it. 

Epoch-making  in  the  history  of  tropical  medicine  was  the  dis- 
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covery  by  Manson  as  far  back  as  1877, 1878,  and  1879  of  the  different 
phases  of  the  development  of  the  embryo  filaria  in  the  mosquito, 
thus  laying  the  foundation  for  the  further  discovery  of  the  develop- 
ment of  the  malarial  parasite  in  the  Anopheles.  From  this  time 
onwards  Sir  Patrick  Manson  interested  himself  in  the  development 
of  knowledge  concerning  filaria.  The  result  is  that  by  the  labours 
of  Bancroft  Low,  Grassi,  Nofe,  James,  Daniels,  Vincent,  Annett, 
Button,  Elliott,  Ashburn,  and  Craig,  a  great  mass  of  information  has 
been  collected.  But  the  real  credit  for  stimulating  all  this  work 
lies  with  Sir  Patrick  Manson.  In  the  meanwhile  two  other  great 
workers  appeared  in  the  field  of  helminthologv — viz.,  Looss  of  the 
Medical  School  of  Cairo  and  Stiles  of  the  United  States— to  both 
of  whom  tropical  medicine  is  much  indebted. 

THE  MICROSCOPE. 

It  must  be  clearly  understood  that  the  development  of  knowledge 
concerning  the  aetiology  of  disease  depended  very  largely  upon  the 
evolution  of  the  microscope.  UntU  this  was  brought  to  such  a  con- 
dition of  perfection  that  minute  objects  could  be  clearly  and  defi- 
nitely seen,  it  was  impossible  for  a  human  being  to  define  the  cause 
of  any  disease  brought  about  by  animals  or  plants  as  minute  as 
parasitic  protozoa  and  bacteria.  Therefore,  tropical  medicine  is 
indebted  almost  directly  for  many  of  its.  most  important  facts  to 
the  makers  of  achromatic  and  apochromatic  lenses,  for  these  alone 
have  enabled  the  sciences  of  bacteriology  and  parasitic  protozoology 
to  be  placed  on  a  firm  basis. 

BACTERIOLOGY. 

The  next  great  factor  in  the  knowledge  of  tropical  disease  has 
been  bacteriology. 

From  the  most  remote  times  the  suspicion  that  the  mysterious 
cause  of  contagious  and  epidemic  diseases  must  be  sought  in  living 
entities  has  flashed  through  the  minds  of  many  observers.  Colu- 
mella, a  contemporary  of  Seneca,  records  the  belief,  apparently 
popular  in  his  time,  of  the  living  nature  of  miasmata  and  contagion. 
The  idea  of  a  contagium  vivum  was  not  extinguished  even  in  the 
darkness  of  the  Middle  Ages.  Thus,  for  instance,  in  a  book  written 
in  the  twelfth  century  by  St.  Hildegard,  the  abbess  of  a  convent,  we 
find  notices  of  minute  animals  which  produce  disease. 

In  1641  Athanasius  Kircher,  a  friar,  stated  that  he  had  observed 
minute  living  organisms  in  the  blood  of  a  patient  during  an  epidemic 
of  plague.  But  the  first  to  promulgate  scientifically  a  bacterial 
theory  was  Agostino  Bassi,  a  country  practitioner  of  the  north  of 
Italy  in  the  early  nineteenth  century.  At  that  time  a  peculiar 
disease  was  destroying  the  silkworms,  bringing  ruin  to  the  country 
in  which  the  silk  industry  was  paramount.  Bassi,  by  means  of  the 
microscope,  discovered  the  germ  which  is  the  cause  of  the  disease. 
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le  organism  received  later  the  name  of  Botritis  hassiana.  From 
lalogy,  Bassi  believed  and  stated  that  human  diseases  were  also 
le  to  micro-organisms.  Bassi's  work  was  not  appreciated  by  his 
intemporaries,  and  failed  to  make  any  lasting  impression. 
Gruby,  in  1844,  showed  that  ringworm  was  due  to  a  parasitic 
ngus  ;  Pollender,  in  1849,  ^^^  Davaine,  in  1850,  noted  the  Bacillus 
ithracis  in  sheep's  blood  ;  but  it  was  not  until  after  Pasteur,  in  1857, 
id  shown  that  fermentation  was  due  to  saccharomyces,  and  had 
jscribed  the  bacillus  of  butyric  acid  fermentation,  that  Davaine, 

1863,  considered  that  the  rodlets  he  had  seen  in  sheep's  blood 
ere  the  cause  of  the  disease. 

Then  came  Koch's  epoch-making  work,  extending  from  1877  to 
le  present  time,  accounts  of  which  can  be  found  in  any  textbook 

bacteriology. 

The  important  bacteria  from  a  tropical  medicine  point  of  view 
ere  discovered  as  follows  : 


Leprosy  (Hansen) 

Typhoid  (Eberth)          

Tetanus  (Nicolaier) 

Cholera  (Koch) 

Malta  fever  (Bruce) 

. .     1879 
. .     1880 
. .     1884 
. .     1884 
. .     1887 

Plague  (Yersin  and  Kitasato)  . . 

. .     1894 

The  dysentery  bacillus  "was  found  by  Shiga  in  Japan  (1898),  and 
y  Kruse  in  Germany  (1900),  the  latter  giving  the  more  exact  descrip- 
on  of  the  germ. 

The  knowledge  of  the  higher  fungi  causing  tropical  skin  diseases 
id  Madura-foot  is  largely  due  to  Manson,  Blanchard,  Bollinger, 
rett,  Ballingal,  Eyre,  Carter,  Vincent,  Nocard,  Pinoy,  and  Brumpt. 


PARASITIC  PROTOZOA. 

Protozoa  were  recognized  by  Leeuwenhoek  in  1675,  and  the  fust 
fe-history  of  a  protozoon  (a  vorticella)  was  worked  out  by  Trembley 
1 1744-47. 

Among  the  protozoa  parasitic  in  human  beings,  one  of  the  first  to 
e  discovered  was  Balantidium  coli,  found  by  Maknsten  of  Stock- 
ohn  in  the  year  1856,  and  now  known  to  be  often  associated  with 
chronic  catarrh  and  ulceration  of  the  large  bowel.  Lamblia  intes- 
nalis,  discovered  by  Lambl  in  1859,  and  Trichomonas  hominis, 
)und  by  Davaine  in  1864,  are  considered  by  many  authors  (Ebstein, 
tc.)  to  be  the  cause  of  certain  cases  of  diarrhoea. 

In  1875  an  amoeba  was  found  by  Losch  in  St.  Petersburg  in  a 
easant  who  suffered  from  an  ulcerative  inflammation  of  the  large 
itestine,  and  Sonsino  in  Cairo  also  describes  the  finding  of  large 
umbers  of  amcebse  in  the  intestinal  mucus  of  a  child  who  had  died 
f  dysentery. 

Other  observers,  however — e.g.,  Grassi,  CeUi,  and  Cunningham — 
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found  amcebae  in  persons  whose  health  had  undergone  no  change. 
Kruse  and  Pasquale  first  suggested  that  there  might  be  two  species 
of  amoebae,  one  pathogenic,  the  other  harmless.  Later  Schaudinn 
showed  that  there  were  two  kinds  of  amoebae  affecting  man — viz., 
Entamoeba  coli  (Losch),  which  was  non-pathogenic  ;  and  Entamceba 
histolytica,  described  by  himself,  which  was  the  cause  of  a  certain 
kind  of  dysentery  (amoebic  dysentery)  and  of  the  abscess  of  the  liver 
which  at  times  followed  it. 

The  discovery  which  has  had  the  greatest  influence  on  tropical 
medicine  was  that  of  the  parasite  of  malarial  fever  by  Laveran  on 
November  6, 1880.  True,  this  had  to  some  extent  been  foreshadowed 
by  Merkel  in  1847,  and  Virchow  in  1848,  both  of  whom  saw,  and  the 
latter  figured,  protoplasmic  masses  and  pigment.  Still,  the  entire 
credit  for  this  great  discovery  is  due  to  Laveran,  for  the  others  failed 
to  recognize  the  parasitic  nature  of  the  forms  they  saw. 

The  development  of  our  knowledge  concerning  this  parasite  is 
due  to  the  valuable  researches  of  Golgi,  Marchiafava,  Celli,  Bignami, 
and  many  others.  Of  great  importance  was  Golgi's  discovery  of 
the  plurality  of  species  of  the  malarial  parasite. 

Laveran's  discovery  and  the  work  of  his  successors  left,  however, 
a  great  gap  in  the  history  of  the  parasite.  They  described  lucidly 
its  life-history  in  the  human  being,  but  could  not  explain  how  man 
became  infected. 

Sir  Patrick  Manson,  reasoning  on  his  work  on  the  mosquito  and 
filaria,  suggested  that  there  might  be  a  stage  of  the  development  of 
the  parasite  in  the  mosquito.'  Working  on  Hanson's  theory,  Ross, 
at  that  time  in  the  Indian  Medical  Service,  after  years  of  patient 
hard  work,  was  able  to  trace  the  full  development  of  a  bird's 
parasite  in  Culex,  and  partially  that  of  the  human  parasite  in  the 
Anopheles,  and  thus  made  not  merely  a  great  discovery,  but  one 
which  ought  to  be  in  time  of  lasting  benefit  to  mankind.  The 
full  development  of  the  human  parasite  was  he4»^d  out  by  Grassi, 
who  also  showed  that  only  Anopheles  are  capable  of  transmitting 
the  parasite.  Ross  and  Grassi's  conclusions  have  been  verified  and 
extended  by  many  people — e.g.,  Marchiafava,  Celli,  Bignami, 
Dionisi,  Daniels,  Stephens,  and  Christophers,  etc. — but  the  account 
of  their  work  will  be  given  later. 

Thus,  out  of  the  fevers  all  classed  as  malaria,  there  issued  a  type 
clearly  defined,  to  which  the  term  '  malaria  '  must  be  restricted. 

The  discovery  of  the  typhoid  and  paratyphoid  germs  and  their 
allies  differentiated  another  series  of  fevers  from  the  chaotic  collec- 
tion of  unclassified  fevers  called  malaria. 

In  1901  Forde  and  Button  discovered  a  trypanosome,  called  by 
Button  Trypanosoma  gambiense,  in  a  case  of  a  peculiar  irregular 
fever  in  the  Gambia.  In  1902  Button  and  Todd  observed  this 
organism  in  several  other  cases  presenting  the  same  type  of  fever, 
which  became  known  at  the  time  as  trypanosome  fever,  Gambia 
fever,  or  Button's  disease  (Laveran  and  Mesnil).  In  1902  and 
1903  Castellani  found  the  same  organism  in  the  cerebro- spinal  fluid 
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of  cases  of  sleeping  sickness,  and  first  associated  it  with  the  aetiology. 
Further  investigation  by  Bruce  Nabarro  and  numerous  observers 
in  various  regions  of  Africa  showed  that  Gambia  fever  and  sleepmg 
sickness  were  two  stages  of  the  same  disease.  In  1903  Sambon  and 
Brumpt  independently  promulgated  the  hypothesis  that  the  human 
trypanosome  was  carried  by  a  tsetse-fly,  in  all  probabihty  the 
Glossina  palpalis  ;  and  Bruce  and  Nabarro  experimentally  proved 
that  the  Trypanosome  gambiense  is  in  reality  introduced  into  human 
beings  by  the  bite  of  Glossina  palpalis.  Bruce  and  others  con- 
sidered the  transmission  as  purely  mechanical,  but  the  researches 
of  Kleine  show  that  the  parasite  undergoes  true  development  in  the 
body  of  the  tsetse-fly.  Chagas  has  recently  discovered  a  new 
trypanosome  in  man  in  South  America. 

Trypanosomes  were  found  in  the  lower  animals  long  before  they 
were  discovered  in  man.  Gruby  first  used  (1844)  the  term  '  trypano- 
soma  '  for  a  flagellate  he  had  found  in  the  blood  of  frogs  in  1842. 
A  similar  parasite  had  been  found  by  Valentin  in  1841  in  the 
common  trout  (Salmo  fario).  Very  Uttle  progress  was  made  in  the 
investigations  of  these  organisms  until  1878,  when  Lewis,  in  India, 
described  a  trypanosome  in  the  blood  of  rats,  which  was  named  by 
S.  Kent  Trypanosoma  lewisi.  In  1880  Evans  discovered  a  trypano- 
some in  animals  affected  with  surra — Trypanosoma  evansi  (Steel, 
1885).  This  was  a  most  important  discovery,  as  it  showed  that 
trypanosomes  were  capable  of  producing  disease,  while  previously 
it  had  been  believed  that  these  parasites  were  harmless. 

In  1894  Bruce  discovered  the  Nagana  trypanosome,  Trypanosoma 
hrucei  (Plimmer  and  Bradford,  1899),  and  experimentally  proved 
that  the  organism  was  conveyed  by  a  species  of  tsetse-fly  [Glossina 
morsitans).  Rouget  in  the  same  year  observed  a  trypanosome  in 
the  blood  of  horses  affected  with  dourine — Trypanosoma  equiperdum 
(Doflein  1901).  Elmassian  in  1901  described  a  trypanosome  ob- 
served by  him  in  mW  de  caderas — Trypanosoma  equinum  (Voges, 
1901).  Theiler,  in  1902,  in  South  Africa  found  a  trypanosome  in  the 
blood  of  cattle  affected  with  a  peculiar  disease  known  locally  as 
'  gsklffleetie. '  The  parasite  was  named  by  Bruce  Trypanosoma  theileri. 

Recently  several  other  forms  of  trypanosomiasis  have  been 
described  in  the  lower  animals  by  Button  and  Todd,  Cazalbou, 
Lingard,  Ed.  and  Et.  Sergent,  Shillong,  Martini,  Ziemann,  and  others. 

In  the  meanwhile,  Colonel  Sir  W.  B.  Leishman,  in  the  year  1900, 
discovered  some  peculiar  bodies  in  the  spleen  of  a  soldier  who  had 
died  of  what  was  called  'dum-dum  fever,'  but  did  not  pubUsh  an 
account  of  his  discovery  till  1903,  in  which  year  Donovan  also  found 
the  same  parasitic  bodies  in  Madras.  This  parasite  was  first  con- 
sidered to  be  a  piroplasma  by  Laveran  and  Mesnil,  and  called 
Piroplasma  donovani  ;  but  Ross  created  a  new  genus  for  it,  using 
the  term  Leishmania.  Wright  of  Boston  found  similar  bodies  in 
Oriental  sore,  which  some  regard  as  a  localized  and  modified 
expression  of  the  action  of  the  parasite. 
The  knowledge  of  these  bodies  and  the  diseases  they  cause  has 
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been  considerably  extended  by  Christophers  and  by  Martzmowsky 
and  Bogroff,  while  a  great  advance  was  made  by  Rogers,  who  in 
1904  showed  that  by  artificial  cultivation  they  developed  into 
flagellate  organisms.  The  life-history  outside  the  human  body  has 
partially  been  traced  by  Captain  Patton,  of  the  Indian  Medical 
Service,  in  the  bed-bug. 

In  1903  peculiar  parasitic  bodies,  certainly  protozoa,  were  dis- 
covered in  rabies  by  Negri  of  Pavia.  Negri's  important  discovery  has 
been  confirmed  by  many  authors,  and  in  the  tropics  by  Cornwall. 

In  this  section  may  be  described  the  discovery  of  the  causes  of 
disease  due  to  spirochaetes,  the  nature  and  relationship  of  which 
are  not  yet  clearly  known. 

Obermeyer,  as  far  back  as  1873,  described  the  spirochaete  of 
relapsing  fever,  which  was  thought  to  be  spread  by  the  bed-bug. 

In  1904  Nabarro,  Ross,  and  Milne,  in  Uganda  discovered  a  spiro- 
chaete in  the  blood  of  persons  suffering  from  tick  fever — i.e.,  a 
fever  supposed  to  be  due  to  the  bite  of  Ornithodoros  moubata — and 
independently  in  the  same  year  Button  and  Todd,  working  in  the 
Congo,  described  a  spirochsete  causing  tick  fever.  This  spirochaete 
has  been  proved  by  Breinl  and  Kinghorn  to  be  distinct  from  the 
Spirochete  recurrentis,  and  in  1906  they  gave  it  the  name  of 
SpirochcBta  duttoni,  in  honour  of  the  late  Dr.  Button,  of  the  Liver- 
pool School,  who  had  done  so  much  for  tropical  medicine,  and  who 
himself  had  fallen  a  victim  to  this  disease.  Novy  and  Knapp  had 
a  little  time  previously  assigned  the  names  Spirillum  duttoni  to  the 
same  parasite.  Other  spirochaetae  have  recently  been  described,  as 
will  be  mentioned  later. 

In  1905  the  late  Br.  Schaudinn  discovered  the  presence  of  a 
spirochaete-like  organism  in  syphilis,  which  he  called  Spirochmta 
pallida.  Later  he  created  for  the  organism  a  new  genus — ^Trepo- 
nema. In  the  same  year  Castellani  demonstrated  the  presence  of 
a  spirochsete  or  treponema  in  yaws,  and  named  it  Spirochceta 
pertenuis  {Treponema  pertenue). 

Reference  must  here  be  made  to  the  discovery  of  a  small  pro- 
tozoan parasite  in  sheep  suffering  from  a  disease  called  '  carceag ' 
by  Babes  in  Roumania  in  1888.  The  name  applied  to  this  parasite 
— viz.,  hsematococcus — could  not  be  maintained,  as  it  was  already 
used  in  botany,  hence  the  generic  name  of  Babesia  was  given  to  the 
group  by  Starcovici  in  1893.  The  term  '  piroplasma,'  so  often  used, 
was  introduced  by  Patton  in  1895. 

It  is,  however,  mostly  due  to  the  work  of  Smith  and  Kilborne  on 
red-water  in  cattle  that  Babesia  has  become  well  known,  together 
with  the  fact  that  it  is  spread  by  a  tick. 

The  parasite  Babesia  canis,  discovered  by  Plana  and  Galli  Valerio 
in  1895,  has  been  thoroughly  described  by  Celli  in  1900  and  Nuttall 
in  1904,  and  the  life-history  in  the  tick  has  been  worked  out  by 
Christophers.  At  the  present  time,  thanks  to  the  researches  of 
Koch,  Theiler,  and  others,  several  species  of  Babesia  especially 
affecting  cattle  are  known. 
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As  to  whether  a  Babesia  is  the  cause  of  the  tick  or  spotted  fever 
of  the  Rocky  Mountains  appears  open  to  grave  doubt,  although  it 
has  been  described  by  Wilson  and  Chowning  in  1902,  and  supported 
by  Westbrook  and  Cobb  in  the  same  year,  and  Anderson  in  1903, 
because  other  observers  have  failed  to  find  any  such  organism. 
There  is,  however,  strong  evidence  in  favour  of  a  tick  being  the 
spreader  of  the  disease.  We  have  akeady  mentioned  that  the 
so-called  Leishman-Donovan  body  (Leishmania  donovani)  was  con- 
sidered by  Laveran  and  Mesnil  to  be  a  Babesia. 


INSECTS  AND  DISEASE. 

It  will  be  obvious  from  the  preceding  section  that  ticks  and 
insects  play  a  great  part  in  spreading  protozoan  diseases,  and, 
further,  it  will  be  shown  that  they  communicate  bacterial  disease 
as  well. 

Filaria  can  be  spread  by  Culex,  Stegomyia,  or  Anopheles  ;  malaria 
by  several  species  of  the  Anophelinse  ;  Babesia  and  spirochaetes  by 
ticks ;  Leishmania  donovani  perhaps  by  bugs ;  trypanosomes  by 
tsetse-flies,  and  possibly  by  some  kind  of  mosquitoes. 

But  apart  from  these  diseases,  of  which  we  know  the  cause, 
there  are  two  infections  the  unknown  agent  of  which  is  carried  by 
mosquitoes.  Thus  Finlay,  in  1881,  formulated  definitely  the 
hypothesis  that  yellow  fever  was  spread  by  a  mosquito,  which 
in  1900  was  proved  by  Reed,  Carroll,  Agramonte,  and  Lazear  to 
be  a  fact,  the  mosquito  being  Stegomyia  fasciata,  now  Stegomyia 
calopus. 

With  regard  to  dengue  fever,  Graham  of  Beirut,  in  1903,  thought 
that  he  had  discovered  a  protozoon  in  the  red  corpuscles  of  persons 
suffering  from  the  disease,  and  that  this  parasite  underwent  develop- 
ment in  Culex  fatigans  (Wied).  Doubt  has  been  thrown  upon 
Graham's  parasite,  but  the  idea  that  Culex  fatigans  (Wied)  is 
responsible  for  the  spread  of  dengue  fever  has  been  strongly  sup- 
ported by  Ashburn  and  Craig  in  1907. 

Turning  now  to  bacterial  diseases,  the  work  of  the  Indian  Plague 
Committee,  published  in  1906-08,  proves  that  the  rat-flea  (Lcemop- 
sylla  cheopis)  is  the  main  means  of  the  spread  of  plague.  With 
regard  to  typhoid,  it  was  conclusively  proved  in  the  army  con- 
centration camps  of  the  United  States  in  the  Spanish-American 
War  of  1898  that  flies  were  great  spreaders  of  the  disease,  a  fact 
already  emphasized  by  Celh  and  others ;  and  this  has  been  further 
supported  by  the  work  of  Firth  and  Horfocks  (1902),  Chantemesse, 
and  numerous  other  observers.  Dysentery  may  also  be  spread  by  flies. 

A  knowledge,  therefore,  of  ticks,  biting  flies,  and  other  insects  is 
of  the  greatest  importance  to  the  doctor  who  is  to  practise  in  the 
tropics.  We  refer  the  reader  interested  in  this  subject  to  the 
classical  work  of  Nuttall  on  insects  as  carriers  of  disease  in  the 
Johns  Hopkins  Hospital  Reports,  1899. 
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POISONS. 


Micro-organisms  are  not  the  only  causes  of  disease  to  be  found 
in  the  tropics,  for  poisons  from  plants  and  animals  are  also  of  the 
greatest  importance. 

It  has  been  shown  that  the  most  primitive  peoples  have  definite 
knowledge  of  poisons,  and  it  has  already  been  mentioned  how  early 
the  study  of  snake  and  other  animal  venoms  began. 

It  will  suf&ce  here  to  indicate  that  the  scientific  study  of  snake- 
venom,  begun  by  Prince  Lucien  Bonaparte  in  1843,  has  been  ex- 
tended by  Fayrer,  Martin,  Lamb,  Cahnette,  and  many  others,  and 
leave  a  fuller  description  of  this  and  the  history  of  other  poisons 
to  a  later  section. 

PHYSICAL  CONDITIONS. 

Tropical  medicine  does  not  confine  itself  to  diseases  caused  only 
by  parasites  and  poisons,  for  there  are  such  conditions  as  heat- 
stroke, which  are  entirely  due  to  physical  causes,  and  also  there  is 
the  important  question  of  J;he  influence  of  tropical  climates  on  man, 
which  must  be  dealt  with  in  a  later  chapter. 

UNKNOWN  DISEASES. 

Notwithstanding  all  the  rapid  advance  of  knowledge  in  tropical 
diseases,  there  are  many  as  yet  unknown  or  little  known  diseases. 
The  causation  of  blackwater  fever,  of  yellow  fever,  of  dengue,  of 
sprue,  of  beri-beri,  of  ainhum,  of  goundou,  and  many  others,  still 
require  explanation. 

The  method  of  infection  with  leprosy  is  stiU  unknown,  and  it 
is  quite  likely  that  certain  fevers  are  as  yet  undifferentiated. 


COSMOPOLITAN  DISEASES. 

Though  tropical  medicine  is  limited  to  the  description  of  certain 
diseases  found  mostly  in  the  tropics,  still  there  are  many  cosmo- 
politan diseases  common  to  both  temperate  and  tropical  regions 
which  must  be  mentioned  in  a  work  on  tropical  medicine. 


SCHOOLS  OF  TROPICAL  MEDICINE. 

Nothing  has  done  more  to  advance  the  knowledge  of  tropical 
medicine  than  the  movement  commenced  by  Sir  Patrick  Manson 
and  the  British  Government  in  founding  the  London  School  of 
Tropical  Medicine,  and  by  Sir  Alfred  Jones  and  the  citizens  of 
Liverpool  in  founding  the  Liverpool  School. 

These,  together  with  the  schools  in  Paris,  Hamburg,  Lisbon, 
Naples,  and  elsewhere,  have  done  a  very  great  work.     Previous  to 
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their  foundation  the  medical  man  had  to  pick  up  his  knowledge 
of  tropical  medicine  as  best  he  could. 

It  is  not  wise  for  a  medical  man,  however  well  trained  otherwise, 
to  attempt  to  practise  in  the  tropics  without  having  gone  through 
a  course  of  instruction  in  one  of  these  schools,  for  greatly  will  he 
regret  his  lack  of  special  knowledge. 


MODERN  JOURNALS. 

Unless  the  practitioner  in  the  tropics  keeps  in  touch  with  the  work  of  the 
day,  he  will  in  a  short  time  find  himself  deficient  in  much  useful  information. 
The  most  valuable  epitome  of  recent  work  is  : 

Balfour  and  Archibald  (1908).    Review  of  Recent  Advances  in  Tropical 
Medicine. 

The  progress  of  tropical  medicine  is  to  be  found  in  the  following  journals  : 

American  Tropical  Diseases  Society's  Journal. 

Annali  di  Medicina  Navale  (Roma). 

Annual    Reports    of   the   Surgeons-General    and    Principal    Civil   Medical 

Officers  of  the  British,  French,  and  German  Colonies. 
Annals  of  Tropical  Medicine  and  Parasitology  (Liverpool). 
Archives  de  Hygiene  et  Pathologie  Exoticas.  (Lisbon) . 
Archives  de  Parasitologic  (Paris). 
Archiv  fiir  Protistenkunde  (Jena). 

Archiv  fjiir  Schifis  und  Tropen  hygiene  (Leipzig),  und  die  Beihefte  (separate). 
Atti  della  Societa  per  gli  studi  della  Malaria  (Roma). 
British  Guiana  Medical  Journal  (Demerara). 
Bulletin  de  ITnstitut  Pasteur  (Paris). 
Bulletin  de  la  Soci6te  de  Pathologie  Exotique  (Paris). 
Indian  Medical  Gazette  (Calcutta). 
Journal  of  Hygiene  (Cambridge,  England). 
Journal  of  Parasitology  (Cambridge). 
Journal  of  the  Royal  Army  Medical  Corps  (London). 
Journal  of  Tropical  Medicine  (London). 
Philippine  Journal  of  Science  (Manila). 

Records  of  the  Egyptian  Government  School  of  Medicine  (Cairo). 
Reports  of  the  Advisory  Committee  for  the  Tropical  Diseases  Research 

Fund  (London). 
Scientific  Memoirs  by  the  Officers  of  the  Medical  and  Sanitary  Departments 

of  India  (Calcutta). 
Studies  from  the  Institute  for  Medical  Research,  Federated  Malay  States 

(London). 
Transactions  of  the  Society  of  Tropical  Medicine  and  Hygiene  (London). 
Among  the  publications  which  at  times  have  most  valuable  papers  on 
tropical  diseases  and  parasitology  may  be  mentioned  : 

Arbeiten  aus  dem  Kaiserlichen  Gesundheitsamte. 

British  Medical  Journal. 

Bulletins  and  Reports  of  the  following  departments  of  the  United  States 

Washington— (a)  Animal   Industry;    (6)   Public    Health   and   Marine 

Hospital  Service ;  (c)  National  Museum. 
Centralblatt  fiir  Bakteriologie. 
Deutsche  Medizinische  Wochenschrift. 
Lancet. 

Miinchener  Medizinische  Wochenschrift. 
Quarterly  Journal  of  Microscopical  Science. 
Special  Reports  of  the  Royal  Society. 
Zeitschrift  fiir  Hygiene  und  Infectionen  Krankheiten. 
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It  will  be  obvious  that  unless  a  library  is  available — ^and  there  ought  to  be 
a,  well-equipped  medical  library  in  every  colony  and  tropical  State — it  is 
extremely  difficult  for  a  medical  man  to  keep  abreast  of  the  times. 

If  information  with  regard  to  diseases  of  animals  is  required  other  than 
that  found  in  textbooks,  the  reader  is  referred  to  the  Journal  of  Tropical 
Veterinary  Science,  Calcutta. 
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CHAPTER  II 
TROPICAL   CLIMATOLOGY 

Tropical  climates— Climatic  factors— Temperature— Pressure— Winds— Hu- 
midity—Rainfall— Subdivisions  of  tropical  climates— Psycho-physical 
aspect  of  climates. 

TROPICAL  CLIMATES. 

Climates  may  be  classified,  as  suggested  by  Supan,  according  to 
temperature,  into  three  groups  : 

1.  Warm  climates,  extending  from  the  Equator  to  the  mean 
annual  isotherm  of  68°  F. 

2.  Temperate  climates,  extending  from  the  mean  annual  isotherm 
of  68°  F.  to  that  of  50°  F.  for  the  warmest  months  of  the  year. 

3.  Cold  climates,  lying  polewards  of  the  isotherm  of  50°  F.  for 
the  warmest  months  of  the  year. 

Of  these  divisions,  the  warm  climates  alone  concern  us. 

Warm  or  hot  climates  may  be  defined  on  a  map  of  the  world  by 
the  isotherms  which  represent  a  mean  annual  temperature  of  68°  F. 
or  20°  C. 

If  now  attention  is  turned  to  Fig.  i,  it  will  be  noticed  that  these 
isotherms  are  represented  by  irregular  wavy  lines  situated  about 
35  degrees  north  latitude  and  rather  less  than  30  degrees  south 
latitude. 

This  region  is  divided  into  two  zones  : 

1.  The  Tropical  Zone. 

2.  The  Subtropical  Zone. 

I.  The  Tropical  Zone. — ^The  Tropical  Zone  is  limited  to  the  north 
and  the  south  by  the  isotherm  which  represents  a  mean  tempera-  ■; 
tare  for  '  the  coldest  months  of  the  year  '  of  68°  F.  or  20°  C. 

It  will  be  noticed  that  this  isotherm  corresponds  more  or  less 
with  23I  degrees  north  or  south  latitude,  which  represent  the  Tropics 
of  Cancer  and  Capricorn. 

Examining  the  map  a  httle  more  in  detail,  it  will  be  noticed  that, 
starting  in  the  extreme  west  and  travelling  eastwards,  the  isotherm 
both  north  and  south  of  the  Equator  is  nearly  the  same  as  the  lati- 
tude 23^  degrees  north  or  south,  but  as  the  coast  of  America  is 
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reached  it  dips  a  little  to  the  south  in  the  Northern  Hemisphere,  and 
considerably  to  the  north  in  the  Southern  Hemisphere.  This 
variation  is  caused,  by  cold  currents  in  the  sea  running  along 
the  west  coast  of  America,  the  more  important  of  which  (marked 
I.  on  the  map)   is  the  cold  current  from  the  Antarctic. 

Tracing  the  line  farther  eastward,  it  will  be  noticed  that  it  rises 
towards  the  north  in  the  Northern  Hemisphere,  and  falls  towards 
the  south  in  the  Southern  Hemisphere.  In  the  Northern  Hemi- 
sphere this  is  due  to  the  warm  Equatorial  Current  (H.),  and  in  the 
Southern  Hemisphere  to  the  warming  effects  of  the  land  and  to  the 
warm  Brazilian  Current  (IV.). 

With  reference  to  the  different  effect  of  land  and  sea,  it  is  neces- 
sary to  remember  that  though  35  per  cent,  of  the  heat  of  the  sun's 
rays  which  fall  on  the  outer  limit  of  our  atmosphere  are  absorbed, 
still  these  rays  do  not  really  warm  the  air  to  any  appreciable 
extent.  The  real  warmth  of  the  air  is  obtained  from  the  dark  heat 
radiated  from  land  and  sea. 

Land  not  only  absorbs  the  radiant  heat  from  the  sun  more  quickly 
than  water,  but  also  more  readily  gives  off  the  dark  heat  to  the  air  ; 
therefore  the  presence  of  a  large  area  of  land  upon  which  the  sun's 
rays  fall  more  or  less  vertically  at  noon  all  the  year  round  will  raise 
the  temperature  of  the  air,  and  will  tend  to  extend  the  area  of  the 
warm  climates.  Hence  the  land  may  become  extremely  hot — in- 
credibly high  temperatures  have  been  mentioned  by  authors — 
while  water  never  becomes  very  warm.  The  reason  of  this  is 
that  water,  being  a  liquid,  by  convection  and  by  currents  tends  to 
keep  at  a  more  even  temperature  than  land,  though,  as  already  noted, 
the  currents,  cold  and  warm,  have  a  marked  influence  on  the  climate. 

Turning  again  to  the  map,  and  tracing  the  isotherm  eastwards 
towards  the  west  coast  of  Africa,  it  will  be  noticed  that  again  both 
the  northern  and  the  southern  isotherms  approach  the  Equator, 
and  again  this  is  due  to  cold  currents — ^in  the  north  to  the  North 
Equatorial  Current  (V.),  and  in  the  south  to  the  cold  Antarctic 
Current  (I.).  Crossing  the  continent  of  Africa,  the  effect  of  land 
is  seen,  and  on  passing  into  the  Indian  Ocean  the  effect  of  the 
Mozambique  and  the  South  Equatorial  Currents  may  be  noted, 
and  finally,  to  the  west  and  east  of  Australia  the  cold  Antarctic 
Currents  produce  effects. 

Thus  the  Tropical  Zone  is  alternately  decreased  and  increased  in 
area,  the  most  marked  diminutions  being  on  the  west  coast  of 
America  and  the  west  coast  of  Africa.  i 

It  will  be  observed  that  this  zone  includes  Central  America,  a 
large  portion  of  South  America,  the  West  Indies,  a  large  portion  of 
Africa,  Madagascar,  a  portion  of  Arabia,  India,  Ceylon,  Indo-China, 
Sumatra,  Java,  Borneo,  the  Philippine  Islands,  New  Guinea,  and  a 
portion  of  Australia,  and  many  other  smaller  islands. 

2.  The  Subtropical  Zone.— The  Subtropical  Zone  lies  between  the 
isotherma  of  68°  F.  (20°  C.)  for  the  temperature  of  the  coldest  month, 
and  the  same  isotherms  for  the  mean  temperature  of  the  year. 
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It  is  depicted  in  Fig.  i,  and  will  be  noticed  to  include  a  portion  of 
North  America  and  considerable  portions  of  South  America,  Africa, 
Asia  Mmor,  Arabia,  Persia,  North  India,  China,  and  Australia. 

Another  method  of  subdividing  warm  climates,  based  upon  the 
winds  and  rainfall  rather  than  upon  the  temperature,  will  be  given 
at  the  end  of  this  chapter. 

CLIMATIC  FACTORS. 

Climate  may  be  defined  as  the  combined  effects  of  the  sun,  the 
atmosphere,  and  the  earth  at  any  one  place  on  the  earth's  surface. 

The  sun  produces  its  influence  by  the  heat,  light,  and  chemical 
rays  which  issue  from  it. 

The  atmosphere  acts  by  its  chemical  composition,  its  temperature 
and  diathermancy,  its  humidity,  pressure,  motion  (winds),  and 
electrical  conditions. 

The  earth's  influence  is  due  to  latitude,  relative  proportion  of 
land  and  water,  ocean  currents,  soil,  vegetation,  configuration  of 
the  surface,  and  altitude. 

In  the  present  chapter  the  discussion  on  these  factors  may  be 
p"ouped  into  the  three  headings  of  temperature,  pressure,  and 
Bumidity,  leaving  the  chemical  rays  and  their  effects  to  the  next 
:hapter,  while  electrical  conditions  will  be  omitted. 

Though  we  are  compelled  to  deal  in  a  cursory  manner  with  these 
subjects,  we  would  strongly  advise  the  medical  man  about  to  prac- 
tise in  the  tropics  to  make  himself  conversant  with  elementary 
neteorology,  in  order  that  he  may  understand  the  seasonal  changes 
which  will  take  place  around  him,  and  the  data  which  he  will  obtain 
from  meteorological  instruments  which  may  be  in  his  charge.  The 
after  especially  applies  to  Government  ■  Medical  Officers,  who 
generally  are  responsible  for  a  small  meteorological  station,  often 
situate  in  the  hospital  compound. 

TEMPERATURE. 

Heat  derived  from  the  sun  is  capable  of  traversing  the  atmosphere 
surrounding  the  world,  and  thus  reaching  the  earth,  because  this 
itmosphere  is  diathermanous  to  rays  with  short  wave-lengths  coming 
rom  so  hot  a  body  as  the  sun.  Dry  air  is  diathermanous  for  all 
ays,  but  aqueous  vapour  is  almost  athermanous  for  infra-red  rays, 
hough  diathermanous  for  other  rays. 

In  passing  through  the  atmosphere,  about  25  per  cent,  of  the 
leat  which  has  entered  it  is  absorbed  before  it  reaches  sea-level. 

The  position  of  the  sun  is,  however,  of  the  utmost  importance 
nth  regard  to  the  quantity  of  heat  reaching  the  earth.  If  the  sun 
3  quite  vertical,  probably  only  20  per  cent,  is  lost ;  whereas,  if 
he  beam  is  nearly  horizontal,  probably  none  reaches  tlie  earth. 

The  heat  rays  falUng  upon  the  earth  are  absorbed  and  converted 
ito  dark  heat — that  is  to  say,  into  frequencies  with  longer  wave- 
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lengths — and  these  are  radiated  back  into  the  atmosphere  (terrestrial 
radiation).  This  dark  heat  is  absorbed  by  the  atmosphere,  which 
is,  as  already  stated,  almost  athermanous  to  this  kind  of  energy. 

This  atmospheric  heat  is  one  of  the  most  important  factors  in 
determining  the  nature  of  a  climate,  and  therefore  requires  a  few 
remarks. 

The  following  temperatures  are  usually  recorded  at  meteorological 
stations  : 

I.  Shade  temperatures. 
^.  Solar  radiation. 

3.  Terrestrial  radiation. 

4.  Earth  temperatures. 

I.  Shade  Temperature. — The  shade  temperature  of  the  air  is  measured  by 
maximum  and  minimum  thermometers.  The  figures  in  Table  A,  taken  from 
the  Ceylon  meteorological  reports,  indicate  how  such  records  should  be  kept. 

Altitude  has  a  marked  effect  upon  temperature,  and  must  either  be  stated 
or  else  the  temperature,  for  .purposes  of  comparison,  must  be  recorded  in  sea- 
level  equivalents. 

Sea-lbvel  Equivalents  of  Monthly  Mean  Temperature 
IN  Colombo. 


January 
February 
March  . . 
April     . . 

•  •     79'3 
. .     8o-2 
..     83-2 
..     82-0 

July 

August 

September 

October 

..        82-2 

..     82-5 
..     8ri 
. .     8o'o 

May      . . 

..     81-9 

November 

. .     80-9 

June 

..     81-3 

December 

. .      79-9 

Average  foi 

1905,  8l'2. 

These  temperatures  give  a  good  idea  of  a  tropical  island  climate.  The 
extremes  are  neither  very  high  nor  irregular  ;  the  mean  daily  range  of  tem- 
perature throughout  an  average  year  is  only  11-2°  F.,  though  it  may  be  as 
much  as  15-0°  F. 

Compare  this  with  Jacobabad  in  Sind,  North  India,  which  may  be  taken 
as  a  type  of  a  bad  continental  tropical  station. 

Elevation  186  Feet  above  Sea-level. 


Mean 

Mean  Daily 

Mean 

Month.                                    Mean. 

1 

Maximum. 

Range. 

Minimum. 

January 

•    '         57 

74 

31 

43 

February     . 

.    ,         62 

77 

29 

43 

March     '     . 

74 

90 

30 

60 

April 

83 

99 

31 

68 

May . . 

91 

108 

32 

76 

June 

96 

III 

28 

83 

July.. 

94 

107 

24 

83 

August 

91 

103 

22 

81 
76 

September  . 

88 

101 

25 

October 

78 

96 

33 

63 

November   . 

•  ;      ^'5 

84 

34 

50 

December    . 

58 

75 

32 

43 

Year 

78 

Mean  highest  temperature  for  the  year,  118°  F. 
Mean  lowest  temperature  for  the  year,  32°  F. 
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2.  Solar  Radiation.— Solar  radiation  is  measured  by  black  bulb  and 
bright  bulb  thermometers  in  vacuo,  mounted  on  posts  4  feet  above  the 
ground. 

The  former  gives  a  higher  temperature  than  the  latter,  because  the  bright 
bulb  will  radiate  the  heat  it  receives  from  the  sun  more  freely. 

Table  B  shows  the  Colombo  method  of  recording  the  results  of  the  black 
bulb  thermometrical  readings. 

3.  Terrestrial  Radiation. — This  is  measured  by  a  sensitive  spirit  minimum 
thermometer  placed  on  a  pad  of  non-conducting  material  (a  blanket)  resting 
on  the  ground,  so  that  the  bulb  part  is  just  prevented  from  touching  the 
surface. 

The  Colombo  readings  are  to  be  found  in  Table  C. 

Terrestrial  radiation  must  not  be  considered  by  itself,  but  together  with 
the  presence  or  absence  of  clouds  in  the  sky  which  prevent  its  action,  and 
reflect  the  heat  back  to  the  earth  when  present.  The  condition  of  the  sky  in 
Colombo  is  given  farther  on  in  this  chapter. 

4.  Earth  Temperatures. — -These  are  taken  by  Symon's  earth  thermometer, 
which  is  usually  placed  i  foot  below  the  surface.  But  a  better  plan  is  to  have 
four  thermometers,  placed  respectively  6  inches,  1  foot,  2  feet,  and  4  feet  in  the 
ground. 

The  mean  temperature  of  the  earth  increases  as  the  depth,  but  the  rate 
varies  very  much  with  geological  conditions.  Approximately  it  is  placed  at 
1°  C.  for  every  28  metres,  or  1°  F.  for  every  yard. 

This  has  proved  of  the  greatest  importance  in  the  Temperate  Zone,  for  in 
mines  in  Cornwall,  Belgium,  Italy,  and  elsewhere,  agchylostomiasis,  which 
is  considered  to  be  a  tropical  disease,  is  found,  because  the  heat  of  some  of 
these  mines  is  quite  tropical.  This  underground  temperature  must  be  care- 
fully borne  in  mind  when  the  question  of  ventilation  of  underground  sewers  in 
the  tropics  is  considered,  otherwise  results  the  reverse  from  pleasant  may 
ensue. 

With  regard  to  tropical  earth  temperatures,  Lewis  and  Cunningham  in 
Calcutta  found  that  they  varied  with  the  season.  In  hot  weather  the  ther- 
mometer stood  highest  in  the  air,  next  highest  in  the  upper  strata  of  the 
soil,  and  lowest  in  the  lower  strata.  In  cold  weather  this  was  reversed  ;  in 
rain  the  relations  were  not  constant. 


Periodic  Variations. 

The  temperature  of  a  locality  shows  daily  and  annual  periodic 
variations.  The  diurnal  variation  of  temperature  is  due  to  the  sun's 
rays  falling  upon  dry  earth  and  heating  it ;  therefore  this  variation 
disappears  at  sea  or  during  an  Arctic  winter. 

Fig.  2  shows  the  curve  of  diurnal  variation  in  Colombo,  Ceylon  ; 
and  on  studying  this,  it  will  be  observed  that  the  maximum  is 
reached  between  i  and  2  p.m. — i.e.,  about  one  and  a  half  hours  after 
the  sun  has  reached  its  zenith. 

The  mean  daily  range  of  temperature  is  of  great  importance, 
because  a  considerable  difference  between  day  and  night  makes  a 
climate  dangerous  if  proper  precautions  are  not  taken. 

Fig.  3  demonstrates  the  mean  daily  range  of  temperature  in 
Colombo,  from  which  it  will  be  noticed  that  nowhere  is  the  range 
very  great,  though  it  is  most  marked  in  December,  January,  and 
February,  and  least  in  June,  July,  and  August,  which  is  explicable 
by  the  proportion  of  cloud  being  greater  in  the  latter  than  in  the 
former  months,  as  is  shown  in  the  following  table  : 
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Average  Proportion  of  Clouded  Sky  in  Each  Month  in  Colombo, 
deduced  from  the  registers  of  the  past  36-37  years. 


January . . 

February 

March     . . 

April 

May 

June 


4"S 
3'S 
3"9 

5*5 
6-7 


July  .. 
August  . . 
September 
October  . . 
November 
December 


Where  i  denotes  a  perfectly  clear  sky,  and  lo,  one  entirely  overcast, 


6-6 

6-5 
6-8 
6-7 
6-3 
5 '4 
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Fig.  2. — Diurnal  Temperature-Curve  at  Colombo. 
(Kindly  given  by  the  Surveyor-General  of  Ceylon.) 
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Fig.  3. — Mean  Daily  Range  of  Temperature  in  Colombo. 

The  Colombo  curve  may  with  advantage  be  compared  with  that 
of  Jacobabad  in  Sind  (Fig.  4),  when  the  daily  range  will  be  seen  to 
be  much  more  considerable. 

The  annual  curve  depends  largely  upon  the  inclina,tion  of  the 
world's  axis  as  it  passes  round  the  sun  in  its  yearly  orbit.  At  the 
spring  equinox,  about  March  21,  the  earth  is  so  situated  that  the 
sun  shines  vertically  upon  the  Equator  at  noon,  after  which  its  axis 
a:lters  in  position,  so  that  the  Northern  Hemisphere  is  inclined  more 
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ad  more  towards  the  sun,  until  the  summer  solstice — about  June  22 
-is  reached,  when  the  sun  at  noon  is  vertical  over  the  Tropic 
■  Cancer,  23^  degrees  north  latitude,  after  which  the  inclination  of 
le  north  towards  the  sun  is  lessened  until  about  September  24. 
t  the  autumn  equinox  the  sun  is  again  vertical  on  the  Equator, 
ter  which  the  Northern  Hemisphere  inclines  away  from  the  sun, 
itil  the  maximum  declination  is  reached  at  the  winter  solstice, 
Dout  December  22,  when  the  sun  is  vertical  over  the  Tropic  of  Capri- 
)rn,  23^  degrees  south  latitude,  after  which  it  diminishes,  until,  on 
[arch  21,  the  sun  is  again  vertical  over  the  Equator. 
Hence,  in  the  regions  between  the  two  tropics,  the  sun  is  vertical 
ijthe  sky  at  noon  twice  a  year,  at  which  time  there  is,  or  ought 
)/)e,  a  wet  season,  and  in  the  intervals  a  dry,  hot  season. 
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Fig.  4. — Mean  Daily  Range  of  Temperature  in  Jacobabad. 

The  monthly  mean  temperature  of  Colombo  is  depicted  in  Fig.  5, 
hich  shows  that,  though  the  extent  of  the  range  is  small,  stUl, 
iriations  do  occur.  Thus  it  is  seen  that  in  Colombo,  with  little 
oud,  the  temperature  rises  towards  the  March  equinox  ;  whereas  in 
jptember,  with  much  cloud,  it  is  actually  falling. 
It  will  further  be  seen  from  the  following  table  that  March  is  dry, 
id  that  September  24  is  approaching  the  heavy  October  rains  : 

Mean  Rainfall  in  Colombo  for  the  past  36  Years. 
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It  is  the  coincidence  of  the  vertical  position  of  the  sun  over 
Colombo,  together  with  the  rain  at  the  same  time;  which  makes  the 
irregularity  of  the  curve  at  the  end  of  the  year. 

Compare  the  Colombo  curve  with  that  of  Jacobabad  (Fig.  6), 
where  June,  July,  and  August  are  the  cloudy  season,  when  the  small 
annual  rainfall  takes  place. 

Altitude. 

Another  interesting  feature  of  tropical  temperature  is  its  variation 
with  altitude.     Herschel  pointed  out  many  years  ago  that  for  every 
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Fig.   5. — Monthly  Mean  Temperature  of  Colombo. 

300  feet  of  increase  in  altitude  there  is  a  decrease  of  1°  F.  in  tempera- 
ture, and  for  every  180  metres  a  decrease  of  1°  C. — facts  which, 
however,  are  only  partially  correct,  for  the  temperature  at  a  given 
altitude  depends  upon  several  factors  : — 

1.  Expansion  of  the  air. 

2.  Humidity  of  the  air. 

3.  Clearness  of  the  atmosphere. 

4.  Amount  of  earth. 

5.  Winds: 

Perhaps  of  all  these  the  most  important  is  the  expansion  of  air  ; 
for  it  is  well  known  that,  when  heated,  it  expands ;  i.e.,  the  energy 
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represented  by  heat  is  converted  into  motion,  and  hence  the  tem- 
perature falls.  This  wUl  in  part  be  counteracted  by  the  heat  pro- 
duced by  the  condensation  of  aqueous  vapour,  even  at  high  altitudes, 
as  will  be  explained  later,  and  upon  this  condensation  and  cloud- 
formation  will  depend  how  much  of  the  heat,  radiatmg  from  the 
earth  into  the  air,  is  retained.  The  lessened  amount  of  earth  m 
high  altitudes  is  also  a  factor,  as  there  is  less  earth  to  retain  heat. 
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Fig.  6. — Monthly  Mean  Temperature  of  Jacobabad. 

and  hence  less  heat  is  given  off  into  the  air.  It  is  obvious  that 
movements  of  the  air  —  the  winds  —  must  have  a  great  effect, 
depending  upon  their  origin  from-  warm  or  cold  sources.  Hence, 
though  in  general  the  rule  mentioned  above  as  to  a  relationship 
between  temperature  and  altitude  holds  good,  it  is  only  approximate, 
as  the  connection  between  the  two  is  complex,  not  simple. 

In  the  tropics,  therefore,   the  low  country  possesses  the  true 
tropical  climate,  while  the  climatological  conditions  of  the  hills  are 
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Map  of  Ceylon 

SHOEING 

Average  /Annual  Rainfall 
AND   Isotherms. 
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Fig.  7. — Map  of  Ceylon. 
(Mbdiaed  from  a  map  given  by  the  ^urveyorTGeneral  of  Ceylon.) 


33  TROPICAL  CLTMATOLOGY 

quite  different.     This  phenomenon  is  well  demonstrated  in  Ceylon, 
which  has  a  low  and  a  hill  country,  as  depicted  in  Fig.  7. 

For  this  purpose,  compare  the  following  tables  of  the  temperature 
of  Kandy,  in  which  the  height  of  the  meteorological  observatory  is 
1,654  feet,  and  of  Newera  Eliya,  which  is  6,240  feet,  with  that  of 
Colombo,  which  is  only  40  feet  high. 

Average  Monthly  Mean  Temperature  of 
Stations  in  Ceylon. 


Colombo 
(Years  36-37). 

Kandy 
(Years  35-37)- 

Newera 

Eliya 

(Years  35-37). 

January 

February    . 

March 

April 

May 

June 

July 
August 
September . 
October 
November  . 
December  . 

• 

79-1 

8o-2 

82-1 

82-5 
82-4 
8i-o 
8o-6 
8o-8 
80-8 
8o-2 

79'9 
79-2 

73-3 
7S-I 

77'4 
77-4 
78-5 
7S"5 
74-8 

74-9 
74'9 
75'i 
75-2 

73'4 

56-6 

57-6 
6o-8 
6o'i 
6q-8 
S8-i 

577     ! 
58-0 

58-2 
57-8 
57-2 

Average  for  year 

807 

75-5 

58-4 

1 

In  fact,  as  Herschel  remarked,  it  is  possible  in  the  tropics,  if  you 
ascend  high  enough,  to  go  through  every  degree  of  temperature, 
just  as  if  you  proceeded  from  the  Equator  to  the  Poles.  This  is  a 
factor  of  importance  in  a  tropical  country,  enabhng  people  to  get 
into  cool  weather  by  going  into  the  hills  when  the  plains  are  very 
warm. 

But  the  practitioner  must  remember  that,  however  beneficial  this 
change  may  be,  a  sick  person  must  approach  it  gradually.  For 
example,  if  a  person  just  recovering  from  a  severe  illness  takes 
a  train  at  lo  p.m.  at  night  in  Colombo,  in  March,  with  a  mean 
temperature  of  82"i°  F.,  and  arrives  at  about  8  a.m.  the  next  morning 
in  Newera  Eliya,  with  a  mean  temperature  of  60 '8°  F.  and  a  mean 
minimal  temperature  of  45°  F.,  the  sudden  change  of  temperature  is 
apt  to  be  very  dangerous. 


PRESSURE. 

Atmospheric  pressure,  which  comes  next  in  importance  to  tem- 
perature in  meteorology,  is  measured  by  means  of  the  barometer ; 
but  the  reading  has  to  be  corrected  for  many  errors — e.g.,  index 
error,  capacity,  capillarity,  temperature,  and  altitude. 


Ihe  result  of  this  investigation  shows  that,  generally  speaking, 
at  sea-level  there  is  high  pressure  at  about  30  degrees  north  or  south 
of  the  Equator,  and  that  from  this  the  pressure  decreases  towards 
the  Equator. 

The  reason  why  the  pressure  is  low  at  the  Equator  is  partially 
due  to  the  heating  of  the  air  by  the  sun's  rays,  but  more  especially  to 
the  considerable  addition  of  aqueous  vapour  to  the  air  in  these 
regions,  with  the  result  that  it  ascends  with  considerable  force, 
and  goes  on  ascending  to  very  high  altitudes,  owin^to  repeated 
warming  from  the  condensation  of  aqueous  vapour  and  the  liberation 
of  latent  heat. 
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Fig.  8. — Diurnal  Barographic  Curve  at  Colombo. 


Though  the  pressure  at  30  degrees  is  higher  than  that  at 
the  Equator  at  sea-level,  it  is  considerably  less  than  at  higher 
altitudes.  Consequently  air  passing  upwards  from  sea-level  at 
the  Equator  into  higher  strata  will  then  flow  either  north  or 
south  towards  30  degrees  ;  but  as  it  flows  it  is  compressed  as  the 
latitude  increases,  and  hence  the  current  of  air  flowing  polewards 
becomes  narrower  and  narrower,  and  finally,  owing  to  this,  is 
forced  down  by  the  increasing  pressure,  until  it  reaches  sea-level 
at  30  degrees  north  01  south,  causing  the  high  pressure  about 
this  latitude.  This  compression  is  helped  by  the  cooling  of  the 
air  as  it  proceeds  polewards,  and  by  the  centrifugal  force  of  the 
earth's  rotation. 

Apart  from  this  general  distribution,  there  are  diurnal  and  annual 
variations  in  the  pressure.  The  diurnal  variation  of  pressure  is 
best  marked  in  the  tropics,  diminishing  as  the  Poles  are  approached 
— e.g.,  at  Calcutta  it  is  0-12  inch,  whereas  at  Greenwich  it  is  only 
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The  monthly  variations  of  pressure  for  Colombo  are  shown  in 
Table  D. 
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Fig.  9. — Average  Monthly  Mean  Pressure  at  Colombo. 


The  cause  of  these  seasonal  variations  in  the  pressure  is  the 
heating  or  cooling  of  the  land,  which,  in  the  case  of  Colombo,  is 
associated  with  the  monsoons.  Thus,  the  low  pressures  occur  in 
the  season  of  the  south-west  monsoon.  May,  June,  and  July  (Fig.  9), 
when  air  is  travelling  from  high  pressure  at  the  Equator  to  low 
pressure  in  the  warm  plains  of  Asia  ;  and  the  high  pressures  are 
associated  with  the  north-east  monsoon,  when  air  is  travelling 
from  the  cold  plains  of  Asia,  where  it  is  at  considerable  pressure, 
towards  the  Equator,  where  the  pressure  is  less. 
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It  is  obvious  that  the  air  wi]l  move  from  regions  of  high  pressure 
to  those  of  low  pressure.  These  movements  of  the  atmosphere 
are  called  '  the  winds,'  which  are  the  next  topic  upon  which  a  few 
remarks  must  be  made. 


MOTION  OF  THE  ATMOSPHERE  (WINDS). 

The  movements  of  the  atmosphere  called  '  winds '  may  be  classi- 
fied into : — 

Permanent  Winds. 
Periodical  Winds. 
Variable  Winds. 
Local  Winds. 

Permanent  Winds. 

The  hot  air  of  the  tropics  expands,  and  rises  to  great  heights,  as 
already  explained.  By  this  expansion,  air  is  drawn  from  the  north 
and  the  south  towards  the  Equator — in  fact,  the  primary  cause 


Fig.  lo. — Diagram  of  the  Circulation  of  the  Atmosphere. 
(After  Ferrell.) 

of  the  motions  of  the  atmosphere  is  the  unequal  distribution  of 
heat  on  the  world's  surface,  for  if  heat  were  uniformly  distributed 
there  would  be  no  motion  of  the  air. 

The  general  circulation  of  the  atmosphere  is  shown  in  Fig.  lo 
which  demonstrates  Ferrel's  latest  ideas.     It  will  be  noticed  that 
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vertical  section  of  the  atmosphere  in  which  the  arrows  indicate  th( 
movements.     The  equatorial  area  is  marked  in  the  centre. 

If  this  figure  be  carefully  examined,  it  will  be  seen  from  the  sectior 
of  the  atmosphere  on  the  sides  of  the  figure  that  the  heated  aii 
rises  over  the  Equator  to  high  altitudes,  and  flows  to  the  poles 
but  at  lesser  altitudes  it  descends  in  the  region  of  subtropical  calms 
and  either  passes  polewards  or  to  the  Equator.  Within  the  ares 
from  0  to  30  degrees  there  are  winds  called  'the  trades,'  whicl 
blow  from  30  degrees  towards  the  Equator,  and  which,  on  reference 
to  Fig.  II,  can  be  noted  as  north-east  trades  and  south-east  trades, 
and  it  will  also  be  observed  that  the  only  portion  of  the  oceaii 
free  from  them  is  the  North  Indian  Ocean,  where  the  south- 
west monsoons  occur.  The  north-east  monsoon  is  really  a  trade- 
wind. 

Further,  it  will  be  noted  that  as  the  air  moves  in  opposite  direc- 
tions along  the  surface  in  the  region  of  latitude  35  degrees,  there  is 
an  absence  of  prevailing  winds.  These  belts  of  calms  are  called  '  the 
subtropical  belts,'  or  the  calms  of  Cancer  and  Capricorn.  Again,  at 
the  Equator  there  are  calms  for  the  same  reason,  and  these  are  often 
called  '  the  doldrums. ' 

The  trade-winds  are  only  to  be  seen  typically  in  oceanic  regions, 
where  the  temperature  is  equable,  and  there  are  no  local  conditions 
to  cause  them  to  deviate  from  their  course.  But  they,  together 
with  their  intermediate  zones  of  calms,  shift  their  positions  according 
to  the  temperature,  having,  therefore,  different  areas  in  such  months 
as  March  and  September.  On  an  average  the  north-east  trades 
extend  from  7  degrees  to  29  degrees  north  in  the  Atlantic,  and  the 
south-east  to  30  degrees  south.  During  the  summer  they  advance 
a  few  degrees  north,  and  in  the  winter  recede  to  the  south.  In 
spring  the  centre  of  the  doldrums  is  only  i  to  2  degrees  north  of 
the  Equator,  while  in  summer  it  is  about  9  or  10  degrees  north 
latitude,  and,  as  will  be  explained  later,  the  tropical  rains  of  certain 
regions  depend  upon  this  movement.  Their  easterly  direction  is 
due  to  the  rotation  of  the  world. 

Periodical  Winds.  1 

When  large  tracts  of  land  are  heated  by  the  sun  at  one  time  of 
the  year  and  not  at  another  time,  the  movements  of  the  air  are 
bound  to  be  influenced  by  this  alternate  heating  and  cooling,  and 
the  result  is  that  periodical  winds  are  produced. 

The  most  important  of  these  to  the  student  of  the  tropics  are  the 
monsoons.  The  word  is  derived  from  the  Arabic  word  mansin, 
meaning  '  a  season,'  being  probably  simply  a  Corruption  of  this 
term. 
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1.  North-East  and  South- West  Monsoons.— These  are  typically  met  with 
in  the  Indian  Ocean  and  its  coasts. 

Dove's  explanation  of  these  monsoons  is  generally  accepted — viz.,  that, 
owing  to  heating  of -the  great  plains  of  Asia,  where  the  air  ascends  in  the 
months  of  May,  June,  July,  and  August,  the  south-east  trade-wind,  which  is 
blowing  south  of  the  Equator,  is  drawn  northwards,  at  the  same  time  being 
deflected  to  the- west,  thus  forming  the  south-west  monsoon.  Conversely, 
when  the  plains  cool  in  November,  December,  January,  February,  and  March, 
there  is  a  breeze  from  the  north-east  towards  the  Equator,  which,  though 
called  the  north-east  monsoon,  is  really  a  trade- wind. 

The  interval  between  the  two  monsoons  is  characterized  by  changeable 
winds,  which  blow  alternately  in  opposite  directions — north-east  and  south 
west. 

The  south-west  monsoon  is  laden  with  moisture,  and  on  it  Southern  Indi; 
largely  depends  for  rain,  and  a  failure  will  mean  a  famine,  because  a  large 
portion  of  the  population  is  agricultural,  for  the  natives  depend  for  food  upoi 
their  own  cultivation  ;  and  so  deinsely  are  they  placed  that  a  failure  to  produci 
their  own  crops  results  in  a  most  severe  famine,  which  can  only  be  coped  witl 
by  the  most  energetic  action  of  the  Government. 

2.  North-West  and  South-East  Monsoons. — These  are  to  be  found  in  thi 
Southern  Hemisphere,  and  are  depicted  in  Fig.  1 1  in  the  region  of  Australia. 

3.  West  Monsoon. — Dove  described  as  the  west  monsoon  of  the  line  ; 
wind  which  blows  in  a  south-westerly  direction  along  the  coast  of  Africi 
from  Cape  Verde  down  to  Walfisph  Bay.  These  winds,  however,  are  variable 
and  in  the  Gulf  of  Guinea  are  interrupted  very  often  by  calms. 

Some  people  describe  the  winds  along  the  eastern  and  western  coasts  0 
South  America  as  monsoons,  but  they  hardly  come  under  this  term. 

Variable  Winds. 

In  the  tropics  these  winds  are  found  in  the  regions  of  cahns 
interposed  between  the  trades  in  the  Atlantic  and  Pacific  Oceans. 

The  region  of  equatorial  calms  does,  not  extend  across  the  oceans 
but  is  broadest  on  the  eastern  side,  and  is  very  thin  in  mid-oceai 
or  on  the  western  side,  the  two  trades  appearing  to  meet. 

Local  Winds. 

Local  winds  are  of  great  importance  in  the  tropics,  constitutinj 
the  so-called  land  wind,  sea-breeze,  mountain  wind,  etc.,  and  severa 
others  to  be  referred  to  later,  to  which  special  local  names  have  bee: 
given. 

The  wind  about  which  a  great  deal  is  spoken  in  every  tropica 
country  is  'the  land  wind.'  During  the  day  the  land  become 
heated  by  the  sun,  and  causes  the  air  to  rise,  thus  lessenmg  th 
pressure,  and  drawing  the  air  from  the  sea,  causing  a  sea-breeze 
which  is,  of  course,  very  humid.  During  the  night,  however,  b; 
terrestrial  radiation,  the  land  becomes  cooler  than  the  sea,  and  th 
air  travels  from  the  land  to  the  sea,  and  constitutes  the  land  wind 
This  wind,  as  a  rule,  is  dry,  and  has  a  very  deleterious  effect  o] 
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men  and  animals  by  extracting  moisture  and  abruptly  cooling  the 
body,  and  thereby  lowering  the  resisting-power  to  disease.  Hence 
the  complaints  made  by  old  residents  about  "the  land  breezes.  On 
the  other  hand,  new-comers  delight  in  them,  because  they  are  cool. 

This  land  wind  is  more  marked  at  certain  seasons  of  the  year 
than  at  others,  being  particularly  felt  in  Colombo  in  those  months 
when  there  is  less  cloud,  because  the  terrestrial  radiation  is  then 
more  marked.  There  is,  however,  nothing  hke  a  definite  season  for 
a  pronounced  land  wind,  for  it  can  take  place  .at  any  time,  only 
depending  upon  terrestrial  radiation. 

A  few  remarks  may  be  useful  with  regard  to  some  local  winds. 

The  Sirocco  (Italian,  scirocco)  .■ — The  sirocco  is  a  south-east  wind  with  a 
high  temperature,  which,  coining  from  the  high*  land  of  North  Africa,  de- 
scends to  the  Mediterranean,  and  may  reach  Malta  and  some  parts  of 
Italy.     It  is  considered  to  be  very  enervating. 

The  Solano. — The  solano  is  a  south-easterly  wind,  blowing  from  the  Sahara 
into  Spain. 

The  Harmattan. — The  harmattan  is  a  hot  easterly  wind,  coming  from  the 
Sahara  Desert,  and  carrying  dust  far  out  into  the  Atlantic. 

In  the  months  of  November  to  March  this  wind  meets  with  the  north- 
east trade  in  its  most  southerly  position,  with  the  result  that  it  is  deflected 
southwards  down  the  west  coast  of  Africa.  It  is  a  very  dry  wind,  and  there- 
fore extracts  moisture  from  everything  it  comes  across.  Hence  human  beings 
feel  their  skin  dry  and  hard,  and  may  suffer  from  bleeding  from  the  nose 
and  lips,  while  furniture  creaks  and  groans  in  a  most  supernatural  manner. 

The  Khamsin. — The  khamsin,  or  khamseen,  is  the  dust-laden  wind  which 
blows  from  the  Sahara  into  Egypt  at  intervals  during  fifty  days  about  Easter- 
time,  and  is  very  disagreeable. 

Pamperos. — These  are  the  south-westerly  winds  of  Brazil.  Europeans 
have  altered  the  significance  of  the  name  to  squally  cyclonic  winds  in  the 
same  vicinity. 

Storms. 

Besides  ordinary  winds,  cyclonic  disturbances  called  storms  occur. 
Cyclonic  storms  receive  different  names  in  various  parts  of  the  world, 
being  called  cyclones  in  India,  Ceylon,  and  Mauritius,  hurricanes  in 
the  West  Indies,  typhoons  in  the  China  Seas.  Mild  cyclonic  storms  met 
with  on  the  west  coast  of  Africa  and  elsewhere  are  called  tornadoes. 

The  air  of  the  tropics  is  highly  charged  with  electricity,  and  silent 
electrical  discharges  are  frequent,  causing  an  increase  in  the  nitric 
acid  in  the  air,  which  ruins  cover-glasses  and  lenses.  This  electrical 
condition  may  give  rise  to  thunder-storms,  which  in  most  parts  of 
the  tropics  are  very  intense,  and  deaths  from  lightning  not  in- 
frequent. The  thunder-storms  of  the  tropics  are  mostly  heat- 
storms,  due  to  great  differences  in  temperature  in  adjacent  masses 
of  air,     Hail  may  fall  during  a  thunder-storm. 


HUMIDITY. 

Man  can  bear  very  high  temperatures  easily,  provided  the  air  is 
dry,  but  not  if  there  is  much  moisture  or  humidity  in  it.  The 
humidity  of  the  atmosphere  is,  in  fact,  of  the  utmost  importance 


abundance  into  the  air  over  tropical  seas  ;  but  aqueous  vapour, 
being  lighter  than  air  in  the  ratio  of  0-623  to  I'O,  helps  it  to  rise  to 
cold  altitudes,  where  the  vapour  condenses  into  small  droplets  of 
water,  forming  mist  or  cloud.  If  the  droplets  become  too  heavy 
to  remain  in  the  atmosphere,  they  fall  as  rain.  Condensation 
sets  free  latent  heat,  which  warms  the  surrounding  air,  and 
niakes  it  rise  to  higher  altitudes,  where  condensation  and  Ubera- 
tion  of  heat  may  again  take  place,  and  this  may  be  repeated 
until  the  cirrus  clouds  are  formed  at  a  height  of  about  five  or  six 
niiles. 

The  humidity  of  the  atmosphere,  therefore,  presents  three 
problems  : — 

I.  How  much  water  is  being  evaporated  ? — Atmometry. 

3.  How  much  aqueous  vapour  is  there  in  the  air  ? — Hygrometry. 

3.  How  much  water  is  being  condensed  out  of  the  atmosphere  ? 
— Hyetometry. 

Evaporation  takes  place  most  quickly  in  hot  dry  air,  and  causes 
a  considerable  amount  of  heat  to  be  rendered  latent. 

This  fact  can  be  made  use  of  in  hot  climates,  where  it  is  a  common 
practice  to  wrap  flannel  or  felt  round  a  bottle  of  water,  and  after 
damping  the  flannel,  to  hang  the  bottle  in  the  breeze,  so  that  the 
Contents  may  become  cooled  by  the  evaporation  of  the  water  from 
the  flannel.  The  same  principle  applies  to  the  porous  stone  or 
earthenware  basins  which  are  commonly  used  in  Ceylon,  Uganda, 
Egypt,  and  other  parts  of  the  tropics  to  filter  and  cool  water. 
Hence,  also,  the  value  of  collections  of  water  in  keeping  the  tem- 
perature of  places  equable. 

The  amount  of  aqueous  vapour  in  the  atmosphere  is  generally 
spoken  of  as  the  humidity.  Two  kinds  of  humidity  are  recognized  : 
absolute  humidity,  which  is  the  weight  of  aqueous  vapour  actually 
present  in  a  definite  volume  of  air  at  a  given  temperature  ;  and 
relative  humidity,  which  is  the  ratio  of  the  weight  of  water  actually 
present  in  a  known  volume  of  air  to  the  weight  of  water  which  is 
required  to  saturate  the  same  volume  of  air  at  the  given  tempera- 
ture, and  is  generally  expressed  as  a  percentage. 

We  have  already  stated  that  the  humidity  of  the  air  is  of  the 
greatest  importance  in  considering  the  effects  of  a  tropical  climate 
on  man.  The  most  trying  climate  would  be  one  with  a  high  air 
temperature  and  a  high  relative  humidity,  for  it  is  obvious  that  when 
the  air  is  full  of  aqueous  vapour,  evaporation  from  the  surface  of  the 
human  body  must  be  considerably  diminished  ;  and  as  this  is  one 
of  the  methods  of  regulating  the  bodily  temperature,  it  is  apt  to 
rise  and  cause  great  discomfort,  as  will  be  described  later  in  the 
chapter  on  the  effects  of  climate  on  man. 
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A  warm  place  with  a  high  humidity  is  less  bearable  than  a  much 
hotter  but  drier  place.  A  fairly  high  relative  humidity  can,  how- 
ever, be  borne  if  there  is  a  breeze,  without  which  a  much  lower 
humidity  is  most  unbearable.  In  fact,  Giles  points  out  that 
Abusher,  in  the  Persian  Gulf,  in  August,  with  a  mean  maximum 
temperature  of  96  5°  F.  (357°  C),  and  a  relative  humidity  of  65 
per  cent.,  with  no  rainfall  during  the  month,  and  little  or  no  breeze, 
constitutes  one  of  the  most  unbearable  climates  in  the  world, 
though  neither  the  temperature  nor  the  humidity  by  themselves 
are  high. 

The  general  conditions  in  Abusher  can  be  judged  from  the  following 
table,  taken  from  Giles's  '  Climate  and  Health  in  Hot  Countries ' :— 


Month. 

Mean 

Maximum 

Temperature. 

Mean 

Minimum 

Temperature. 

Relative 
Humidity. 

Rainfall  in 
Inches. 

January 

65-2 

52*0 

79 

3-39 

February- 

66-0 

52'S 

80 

2i-5I 

March 

72-6 

58-2 

72 

0-87 

April  . . 

84-6 

66-1 

61 

0*58 

May     . . 

j      89-8 

75'3 

60 

0"02 

June    . . 

92-2 

80-3 

61 



July    .. 

1     9i-s 

84-0 

65 

— 

August 

1       96-5 

83-6 

64 



September      . 

94-2 

78-8 

65 



October 

87-9 

70-7 

65 



November 

78-0 

62-1 

74 

2-16 

December 

697 

ss-s 

73 

3-98 

Colombo,  in  Ceylon,  which  lies  at  sea-level,  has  a  bearable 
climate,  with  the  following  conditions,  which  with  advantage  may 
be  compared  with  those  of  Abusher  : — 


Month. 

Mean 

Maximum 

Temperature. 

Mean 

Minimum 

Temperature. 

Relative 
Humidity. 

Rainfall  in 
Inches. 

Average  Diur- 
nal Velocity  of 
the  Wind  in 
Miles. 

January 

86-8 

72-2 

77 

3-56 

1467 

February 

87-4 

73'o 

76 

2'IO 

157-7 

March    .  . 

89-3 

76-6 

76 

470 

1317 

April 

87-8 

76-7 

77 

IOV9O 

I22-I 

May 

87-2 

77-6 

81 

I2-08 

213-5 

June 

86-0 

77'9 

81 

8-17 

249-9 

July      . . 

86-4 

78-6 

8i 

4"5i 

223>'I 

August  . . 

87-5 

78-7 

82 

3"59 

2i8'9 

September 

86-1 

76-2 

79 

5-19 

288-5 

October . . 

85-5 

75"i 

81 

14-67 

176*6 

November 

87-4 

75 -I 

8i 

I2-I8 

147-5 

December 

88-2 

73*2 

.       78 

5-87 

208-3 

Compare  this,   again,   with  the  figures  for  Newera  Eliya,  the 
sanatorium  of  Ceylon,  situated  some  6,240  feet  above  sea-level : — 


January- 

677 

45*3 

82 

5  38 

81 

February 

70-4 

44'4 

77 

2-15 

86 

March'   . . 

72-2 

45-0 

75 

2-97 

78 

April      . . 

69-4 

SiH 

81 

6'io 

75 

May 

68^4 

54-6 

84 

7-69 

92 

June       . . 

67-2 

53-5 

91 

13-64 

153 

July     ,  . . 

66-0 

SI- 5 

89 

if76 

147 

August  .  . 

67-2 

54-5 

89 

8-14 

125 

September 

67-1 

53-4 

89 

8-26 

1 12 

October . . 

68 -o 

517 

88 

io'6i 

98 

November 

67-3 

54'9 

87 

8-8o 

75 

December 

66-9 

48-1 

86 

8-53 

77 

It  will  be  observed  that,  notwithstanding  its  high  relative 
humidity,  Newera  Eliya  has  a  low  temperature,  due  to  its  altitude, 
and  a  very  fair  rainfall,  and  consequently  makes  a  most  admirable 
hill-station  for  Ceylon. 

Note  particularly  the  difference  between  Colombo  and  Newera 
Eliya  for  February,  March,  and  April,  which  are  the  hottest  months 
for  the  former  town,  whereas  the  latter  forms  an  excellent  climate 
for  European  ladies  and  children  at  that  season. 

The  monsoon  bursting  about  May  24  cools  Colombo  considerably, 
and  the  need  for  residence  in  Newera  EHya  is  ended  for  the  year ; 
this  is  a  fortunate  circumstance,  for  the  rainfall  there  in  June  is 
considerable. 

Ceylon,  however,  is  well  provided,  for  the  ranges  of  hills  stop  the 
rain,  and  at  Bandarawella  and  Diyatalawa,  a  few  miles  from  Newera 
Eliya,  it  is  fine  at  this  time  of  the  year,  and  a  second  sanatorium  is 
available. 

The  climate  of  Diyatalawa,  once  a  camp  for  Boer  prisoners,  and  now 
a  naval  and  military  sanatorium,  is  as  follows  (altitude,  4,500  feet) : — 


Month. 


January 
February 
March 
April . . 
May  . . 
June . . 
July  . . 
August 
September 
October 
November 
December 


Mean 

Mean 

Maximum 

Minimum 

Relative 

Rainfall  in 

Tempera- 

Tempera- 

Humidity. 

Inches. 

ture, 

ture. 

69-8 

57-9 

82 

8-00 

74-8 

53'3 

70 

2'22 

797 

53-9 

67 

2-07 

79-6 

57-9 

77 

6-92 

77*8 

62-4 

74 

5-36 

75-2 

62*3 

70 

2-'o6 

76-1 

6i-7 

67 

1-24 

79-0 

6r'4 

66 

2 '46 

76'o 

6i-5 

73 

3-87 

747 

6o"7 

78 

11-47 

73'P 

587 

85 

IO'20 

70"3 

58-3 

83 

6-63 

Average 

Diurnal 

Velocity  of 

the  Wind. 


I45"5 
157-6 
131-1 
120-9 
213-1 
249-4 
223-6 
218-I 
290-2 

177'3 
147-8 
207-0 
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Another  comparison,  taken  from  Giles,  may  with  advantage  be 
considered — viz.,  Old  Calabar,  on  the  west  coast  of  Africa  :^ 


Mean 

Mean 

1 

Month. 

Maximum 

^Minimum 

Relative 

Rainfall  in 

Number  of 

Tempera- 

Tempera- 

Humidity. 

Inches. 

Rainy  Days. 

ture. 

ture. 

January 

90 

68 

78-8 

2-68 

I 

February- 

•    '       94 

72 

78-1 

6'69 

5 

March 

94 

71 

8i-6 

770 

8 

April  . . 

•    1       93 

71 

75-8 

1 1  "01 

10 

May    . . 

94 

75 

77-6 

10-95 

19 

[uue  .  . 

92 

71 

84I-4 

32-59 

22 

:uly   .. 

90 

70 

85-8 

13-61 

25 

August 

86 

70 

88-2 

6-39 

15 

September     . 

92 

70 

85-7 

11-84 

25 

October 

■    :       91 

70 

82-6 

9'38 

17 

November     . 

•    '       91 

71 

83-6 

ii'34 

12 

December 

•    1       89 

I 

70 

83-6 

1-32 

I 

When  the  mean  maximal  temperature  and  the  relative  humidity 
are  compared  together,  it  is  not  astonishing  that  certain  regions 
of  West  Africa  are  very  trying  to  the  human  constitution. 

As  an  example  of  a  place  with  a  low  relative  humidity  and  a  high 
maximum  temperature  and  very  little  rain,  the  following  data  con- 
cerning Omdurman,  taken  from  Giles,  may  be  quoted  : — 


Month. 

Mean 

Maximum 

Temperature. 

Mean 

Minimum 

Temperature. 

Relative 
Humidity. 

Rainfall  in 
Inches. 

January 

88-5 

62-6 

24 

February 

94'5 

70-2 

28 

— 

March 

997 



19 

— 

April  . . 

103-7 

72-5 

14 

— 

May    .  . 

II2-0 

79'o 

20 

— 

June    .  . 

io6-2 

77-4 

46 

0-63 

July    .. 

103-9 

79-3 

48 

0-50 

August 

99-0 

777 

58 

0-13 

September      . 

104-5 

81-0 

40 

October 

103:2 

79'5 

30 

0-32 

November 

96-7 

72-4 

24 

December 

91-2 

65-5 

28 

— 

When  the  aqueous  vapour  in  the  atmosphere  condenses,  the  result 
may  be  dew,  fog,  mist,  cloud,  rain,  hail,  or  snow,-  of  which  the  two- 
last  are  rare  in  the  tropics. 

Clouds  in  the  sky  prevent  to  a  great  extent  the  heating  of  the 
earth  during  the  day,  and  at  the  same  time  they  prevent  radiation 
of  heat  from  the  earth  during  the  night,  and  even  reflect  this  back 
to  it.     Hence  cloudy  nights  may  be  very  hot  in  the  tropics. 


As  already  stated,  the  whole  system  of  trades  and  calms  moves 
from  the  Equator  northwards  about  5  to  8  degrees,  or  southwards 
3  to  4  degrees  of  latitude.  This  movement  is  dependent  upon  the 
inclination  of  the  axis  of  the  earth  towards  the  sun,  though  not 
coincident  with  it.  They  are,  therefore,  farthest  towards  the  north 
in  July,  and  towards  the  south  in  January.  , 

A  locality  may  lie — 

(i)  Within  the  rain-belt  in  both  of  its  extreme  positions. 

(2)  Just  within  the  equatorial  boundary  of  the  rain-belt  in  its 
farthest  position  polewards. 

(3)  Just  within  the  polar  boundary  of  the  rain-belt  in  its  farthest 
position  polewards. 

(4)  Between  (2)  and  (3). 

(5)  Beyond  (3). 

I.  Places  within  the  Two  Positions  of  the  Rain-Belt. 

These  are  equatorial,  and  are  always  more  or  less  subject  to  rain 
and  cloud,  because  the  heated  air  is  full  of  aqueous  vapour  brought 
by  the  trade-wind  from  the  sea.  When  this  very  humid  air  rises 
to  high  altitudes,  it  becomes  cooled,  and  therefore  the  moisture 
condenses  as  cloud  and  rain. 

Again,  these  regions  are  subject  to  alternate  seasons  of  wind  and 
calm — e.g.,  in  January  they  will  be  subject  to  the  north-east  trades, 
followed  by  a  period  of  calm  ;  and  in  July  to  south-east  trades, 
succeeded  by  a  period  of  calm.  These  places  will  therefore  have 
two  short  wet  seasons  and  two  short  dry  seasons. 

Such  a  place  is  Ceylon,  and  its  conditions  of  rain  and  cloud  can  be 
easily  imderstood  by  referring  to  the  tables  of  rainfall  and  cloud 
distribution  already  given  for  Colombo. 

Other  similar  places  are  South  India  and  Java  in  Asia,  Columbia 
in  South  America,  and  parts  of  the  Nile  Basin  and  the  Gold  Coast 
in  Africa. 

2.  Places  just  within  the  Equatorial  Boundary  of  the  Rain-Belt  in 
its  farthest  Position  Polewards. 

The  inclination  of  the  North  Pole  towards  the  sun  begins  on 
March  21,  and  ceases  on  September  24.  The  shifting  of  the  rain- 
belt  northwards  begins  some  time  after  the  first  date,  and  ends 
some  time  after  the  last  date,  for  it  lags  behind.  A  locality 
situated  in  this  position  will,  therefore,  be  in  the  belt  for  six 
months.  Therefore  in  such  places  there  will  be  six  months'  rain 
and  six  months'  drought.  Those  places  are  Bengal,  the  Nile  Basin, 
Northern  Australia,  and  Central  America. 
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3.  Places  just  within  the  Polar  Boundary  of  the  Rain-Belt  in  its 
farthest  Position  Polewards. 

These  places  have  a  short  wet  season  lasting  only  three  months, 
and  a  long  dry  season  lasting  nine  months.  Such  places  are  the 
Punjaub,  Upper  Burma,  Mexico,  Central  Australia.  In  the 
Punjaub,  for  example,  there  are  three  seasons — (i)  Hot  season  : 
April  to  June.  (2)  Wet  season  :  June  to  September.  (3)  Cold 
season  :  September  to  April. 

4.  Places  between  (2)  and  (3). 
These  places  will  vary  from  the  maximum  of  six  months  rain  to 
the  minimum  of  three  months. 

5.  Places  situate  just  outside  the  Polar  Boundaries  of  the  Rain-Belt. 

These  places  lie  from  about  20  to  35  degrees  north  or  south 
latitude,  and  are  among  the  driest  in  the  world,  except  in  India, 
where  the  south-west  monsoon  brings  a  little  rain  into  the  dry 
regions  of  the  Punjaub  and  Bind. 

The  worst  places  are^the  dry  zones  of  California  and  other  parts 
of  North  America,  the  Sahara  and  Nubian  Deserts,  parts  of  Arabia 
and  Persia,  Argentina,  Eastern  Patagonia,  South- West  Africa,  and 
the  interior  of  Australia.  The  only  rain  these  regions  are  likely  to 
get  will  come  from  the  extension  equatorially  of  the  polar  winds. 

If  these  conditions  of  rainfall  in  the  tropics  are  clearly  understood, 
they  form  the  key  to  tropical  climatology,  for  it  will  be  seen  that  the 
wettest,  as  well  as  the  driest,  places  in  the  world  are  found  in  them. 

It  must,  however,  be  remembered  that  ranges  of  mountains  are 
most  important  in  determining  the  rainfall  of  a  locaUty  by  stopping 
the  clouds,  and  leading  to  further  condensation  of  the  moisture  as 
rain.  The  influence  of  hills  is  well  shown  in  Fig.  7  of  the  Ceylon 
rainfall,  taken  from  the  Surveyor-General's  report. 

The  driest  places  in  the  world  are  in  Africa,  in  the  neighbourhood 
of  the  Sahara ;  but  India  shows  the  extremes  of  dry  and  wet 
climates  best.  Jacobabad,  according  to  Blandford,  has  an  average 
annual  rainfall  of  4^  ■  inches,  which  in  some  years  is  less  than 
I  inch;  whereas  Cherrapunji,  in  the  Khasi  Hills  in  Assam,  has  an 
annual  fall  of  from  500  to  600  inches  per  annum. 

In  Ceylon  the  wettest  place  recorded  is  Padupola,  which,  with 
an  elevation  of  1,606  feet,  has  a  rainfall  of  230-50  inches  as  an  average 
of  thirty-five  years'  observations. 

But  it  is  not  merely  the  average  rainfall  which  is  so  excessive  in 
the  tropics,  but  the  rate  at  which  it  comes  down ;  e.g.,  according  to 
Blandford,  on  June  14,  1876,  no  less  than  40-8  inches  of  rain  fell  at 
Cherrapunji  in  twenty-four  hours.  The  excessive  violence  of 
tropical  rain  can  be  explained  by  the  fact  that  at  20°  F.  air  takes 
up  1-3  grains  of  water  per  cubic  foot ;  at  60°  F.,  577  grains  ;  at 
85°  F.,  1278  grains.  Further,  when  air  saturated  at  85°  F.  is  cooled 
to  60°  F.,  every  cubic  foot  will  yield  7  grains  of  water  (Hill). 


Ward  has  recently  subdivided  these  regions  by  utilizing  the  winds 
and  the  rainfall  into — 

1.  The  equatorial  belt. 

2.  The  trade-wind  belts. 

3.  The  monsoon  belts. 

4.  The  mountain  climates. 

The  equatorial  belt  extends  about  10  degrees  on  either  side  of 
the  Equator,  and  is  characterized  by  its  temperature,  showing  two 
maxima  corresponding  to  the  two  zeniths  of  the  sun,  and  two 
minima  corresponding  to  the  two  solstices,  and  should  have  two  wet 
and  two  dry  seasons. 

In  this  belt  lie  such  places  as  Singapore  and  Batavia,  which  are 
fairly  healthy,  and  the  west  and  east  coasts  of  Africa,  which  are  very 
trying. 

The  trade-wind  and  monsoon  belts  have  already  been  considered, 
as  have  the  mountain  climates. 

Psycho-Physical  Aspects  of  Climate. 

Tyler  has  attempted  to  correlate  personal  sensations  with 
meteorological  data  under  the  term  '  Psycho-Physical  Aspects 
of  Climate,'  and  says  that  his  'hyther'  degrees — by  which  he 
means  the  degree  of  discomfort  caused  by  high  air  temperatures 
associated  with  high  relative  humidity — are  the  best  methods  of 
comparing  climates.  This  naturally  brings  us  to  the  next  subject 
to  be  considered,  namely,  the  effect  of  warm  climates  on  man. 
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CHAPTER  III 

THE  EFFECTS  OF  TROPICAL  CLIMATES 

ON  MAN 

Production  and  regulation  of  heat  in  man — Normal  temperature — Effects  of 

temperature  and  humidity — Effect  on  digestion — Effect  on  respiration 

Effect  on  circulation  and  the  blood — Effect  on  bodily  temperature 
— Effect  on  the  nervous  system  —  Effect  on  the  urinary  system- 
Effect  on  the  generative  organs — Effect  on  growth — Effect  of  light- 
Acclimatization — Prophylaxis.  < 

The  climatic  factors  which  most  actively  affect  man  in  the  tropics 
are  the  temperature  and  humidity  of  the  air  and  the  chemical  irays 
from  the  sun,  and  to  these  the  following  remark^  will  be  restricted. 
Before  beginning  to  describe  what  is  known  of  these  effects  it  is 
necessary  to  review  briefly  the  physiological  problems  of  the  heat 
of  the  body,  its  production,  and  its  maintenance.  This  may  be 
thought  to  be  superfluous,  but  it  is  intimately  associated  with  a 
proper  understanding  of  heat-stroke,  and  cannot  altogether  be 
omitted,  though  it  will  be  dealt  with  as  briefly  as  possible. 

PRODUCTION  AND  REGULATION  OF  HEAT  IN  MAN. 

Heat  is  produced  by  oxidation  of  proteid,  carbohydrate,  and  fatty 
substances,  mostly  in  the  muscles,  and  to  a  less  extent  in  the  glands 
and  other  organs  and  tissues  of  the  body,  and  depends,  therefore, 
largely  upon  the  intake,  digestion,  and  assimilation  of  food,  and 
can  be  increased  by  rich  feeding.  This  effect  of  food  is  more  marked 
if  the  air  temperature  is  high  ;  hence  the  danger  of  overfeeding  and 
alcohol  in  the  tropics,  for  unless  the  increased  production  of  heat 
is  compensated  by  increased  loss,  the  body  temperature  may  rise. 
On  the  other  hand,  too  little  food  will  produce  poor  development 
and  diminished  metabolism,  which  will  result  in  the  changes  shown 
in  the  blood  and  urine  in  Bengalees,  as  will  be  noted  later. 

McCay  has  recently  studied  this  subject  carefully,  comparing  the 
diets  of  Bengalees  with  those  of  Anglo-Indians  and  Eurasians.     The 
,  results  of  his  work  are  shown  in  the  table  on  p.  50. 

Further,  he  points  out  that  there  is  a  great  waste  of  nutriment, 
'  in  that  25-42  per  cent,  of  the  nitrogen  of  the  food  appears  in  the 

49  4 


50 
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faeces  of  the  Bengalees,  and  only  15  per  cent,  in  Europeans  on  a 
vegetable  diet,  a  difference  which  he  ascribes  to  the  use  of  dhal, 
which  he  also  considers  to  be  the  cause  of  the  bowel  disorders 
so  commonly  met  with  in  Bengalees. 


Food. 

Bengalees  I. 

Bengalees  II. 

Anglo-Indians 

and 

Eurasians. 

Proteids  in  grammes     .  . 
Carboh3'drates  in  grammes 
Fats  in  grammes 

67-1 1 

548-73 

71-55 

43"6i 

200-31 
33'92 

86-56 
376-53 

5475 

Air  temperatures  have  also  an  effect  on  metabolism,  and  hence 
on  heat  production,  for  it  has  been  shown  that  in  fasting  animals 
there  exists  an  external  temperature  at  which  a  good  bodily  con- 
dition can  be  maintained  by  a  minimal  metabolism.  Above  and 
below  this  temperature,  which  is  called  '  the  critical  temperature,' 
metabolism  is  increased.  In  man  the  critical  temperature  is  said 
to  lie  between  15°  C.  and  20°  C. 

According  to  Vierordt  the  heat  of  the  body  is  lost  in  the  following 
manner  : — 


Warming  the  urine  and  fseces 
Warming  the  expired  air     . . 
Evaporation  from  the  lungs 
Evaporation  from  the  skin  .  . 
Radiation  and  conduction  from  the  skin 


Total 


Per  Cent. 
1-8 

3'5 
7-2 

14-5 
73"0 

lOO'O 


The  temperature  of  the  body  is  therefore  regulated  by — 

(i)  Chemical  heat  regulation, 
(a)  Physical  heat  regulation, 

which  probably  work  hand  in  hand,  and  are  indirectly  under  the 
control  of  the  nervous  system,  which  governs  the  activity  of  the 
muscles  and  other  tissues,  and  also  the  vessels  by  the  vasomotor 
nerves,  and  the  sweat  glands  by  the  sweat  nerves. 

1.  Chemical  Heat  Regulation.— By  this  is  meant  regulation  of 
the  bodily  temperature  by  increased  or  diminished  production  of 
heat,  which  can  be  brought  about  by  alterations  in  metabolism. 
Diminished  heat  production  is,  however,  rare,  being  usually  patho- 
logical, though  it  is  possible  that  it  occurs  more  frequently  in  the 
tropics  than  in  the  Temperate  Zone,  owing  to  the  lessened  disposi- 
tion for  muscular  or  mental  work. 

2.  Physical  Heat  Regulation.— The  body  temperature  is  usually 
regulated  by  increasing  or  diminishing  the  loss  caused  by  radiation, 
convection,  and  evaporation.  According  to  Hill,  a  man  weighing 
70  kilogrammes  loses  77-1  per  cent,  of  his  heat  by  radiation  and 
convection,  and  22-9  per  cent,  by  evaporation.     This  regulation  is 
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brought  about  by  the  dilatation  of  the  cutaneous  vessels  bringing 
more  blood  to  the  skin  and  by  the  increased  perspiration.  The  loss 
of  heat  caused  by  radiation  and  convection  depends  upon — 

1.  Temperature  and  conductivity  of  the  skin. 

2.  Temperature  and  radiation  from  the  skin. 

3.  Temperature  of  the  air. 

4.  Rate  of  motion  of  the  air. 

Clothing  may,  however,  affect  the  loss  of  heat  from  the  skin,  for, 
as  a  rule,  it  is  composed  of  substances  which  are  bad  conductors  of 
heat,  and  hence  the  loss  may,  according  to  Rubner,  be  diminished  no 
less  than  47  per  cent.  Wet  clothing,  on  the  other  hand,  is  a  good 
conductor,  because  of  the  water  in  its  interstices,  and  hence  the 
danger  of  chills  while  wearing  damp  clothes.  This  latter  fact  is 
well  known  to  the  old  resident  of  the  tropics,  who  has  generally 
learnt  its  danger  by  personal  experience. 

Radiation  takes  place  best  when  the  air  is  still,  dry,  and  cold, 
conduction  when  it  is  damp.  Convection  is  only  of  importance 
when  the  air  is  in  motion,  in  which  case  the  loss  of  heat  is  propor- 
tionate to  the  square  root  of  the  velocity,  and  is  more  marked 
when  atmospheric  humidity  is  high. 

With  regard  to  evaporation,  Rubner  has  shown  that  it  is  least 
at  medium,  greater  at  low,  and  still  greater  at  high,  temperatures, 
as  is  shown  by  the  following  table  taken  from  his  work  of  an 
observation  on  a  man  of  58  kilogrammes  weight  lightly  clad  : 


Air  Temperature. 

Grammes  of  OHg  lost 
per  Hour. 

Grammes  of  CO.2  lost 
per  Hour. 

2"  c. 

37 

29-8 

10°  to  15°  C. 

28 

25-1 

15°  to  20°  C. 

19 

24-1 

20°  to  25°  C. 

23 

25-0 

25°  to  30°  C. 

43 

25'3 

30°  to  35°  C. 

84 

237 

35°  to  40°  C. 

112 

21'2 

This  evaporation  is  very  markedly  diminished  by  humidity,  as  i; 
shown  in  the  fbllowing  table  : 


Temperature  in 
Centigrade. 

S  to  8  per  Cent. 
Humidity. 

81  to  8g  per  Cent. 
Humidity. 

i5-o° 

20-4'^ 

25-3: 
28-9 

36-3 

54-1 

75'5 
io5'o 

9-0 

i5'3 
23'9 

It  is  also  diminished  by  a  moderately  strong  wind,  but  is  increasec 
by  the  sun's  rays  and  by  work  in  a  hot  climate, 

4—2 
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NORMAL  TEMPERATURE. 

The  temperature  of  man,  being  the  resultant  between  the  heat 
produced  and  the  heat  lost,  must  vary  considerably  under  many 
circumstances. 

In  investigating  the  temperature  of  the  body,  one  ought  to  seek 
that  which  most  nearly  represents  the  temperature  of  the  blood, 
for  though  the  different  organs  of  the  body  manufacture  or  lose 
heat  in  different  proportions,  the  circulation  of  the  blood  tends  to 
bring  about  a  mean  internal  temperature  for  the  whole  body. 

The  possible  methods  of  investigating  the  temperature  of  the 
body  are  by  placing  the  thermometer — 

1.  In  the  axilla, 

2.  In  the  mouth, 

3.  In  the  rectum, 

to  which  might  be  added  placing  the  thermometer  in  the  stream 
of  issuing  urine  ;  but  this  method  is  only  open  to  limited  applica- 
tion, and  there  may  be  considerable  loss  from  evaporation  and 
radiation,  and  therefore,  though  it  is  an  excellent  method  when 
used  with  care,  will, not  be  further  considered. 

If  the  thermometer  is  placed  in  a  dry,  well-closed  axilla,  and  kept 
there  long  enough,  the  result  will  be  not  unlike  that  in  the  mouth; 
but  if  it  is  thought  that  any  resemblance  to  the  internal  tempera- 
ture of  the  body  is  to  be  obtained  by  placing  a  thermometer  in  a 
perspiring  axilla  for  half  to  one  minute,  then  the  greatest  mistakes 
as  to  the  real  temperature  of  the  patient  are  possible.  In  our  ex- 
perience it  has  not  been  unusual  in  the  tropics  to  find  several  degrees 
of  difference  between  the  axilla  and  the  mouth. 

As  a  rule,  it  may  be  stated  that  the  axilla  is  not  a  good  place  in 
which  to  take  thermometric  observations  which  are  meant  to 
indicate  the  true  temperature  of  the  body. 

With  regard  to  the  mouth  temperature,  there  has  been  a  great 
deal  of  discussion,  but  the  most  careful  observations  are  those  of 
Pembrey  and  Nicol,  who  have  shown  that  the  mouth  temperature  is 
apt  to  vary  considerably,  and  that  it  is  not  a  reliable  indicator  of 
the  internal  temperature  of  the  body  in  cold  weather  or  after  exer- 
cise. Haldane,  in  his  valuable  experiments  to  be  quoted  presently, 
finds  that  it  varies  greatly  with  the  individual. 

In  warm  and  moist  air,  however,  the  mouth  temperature  ap- 
proaches the  rectal  temperature. 

The  reason  why  the  mouth  temperature  is  apt  to  be  lower  than 
the  rectal,  and  the  real  temperature  of  the  body,  is  apparently  the 
cooling  owing  to  the  proximity  of  the  skin,  and  possibly  of  the  nasal 
cavity,  and  therefore  in  warm  air  this  difference  frequently  does 
not  exist.  In  India  Crombie  found,  in  fifteen  carefully  taken 
observations,  that  the  mouth  temperature  was  0-23°  below  that  of 
the  rectum,  whereas  Pembrey  found  it  as  much  as  4-5°  F. — 
i.e.,  2'5°  C. — below  that  of  the  rectum  in  cold  weather  in  England. 
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It  is  possible,  therefore,  that  it  is  a  better  site  for  thermometric 
observations  in  the  tropics  than  in  Europe. 

Rectal  temperatures  under  ordinary  conditions  give  the  highest 
readings,  and  are  the  truest  indicators  of  the  internal  temperature 
of  the  body  ;  but  this  is  not  a  method  open  to  clinical  use,  except 
in  children  and  in  states  of  coma. 

The  coriclusion  is  that  if  care  be  taken  that  neither  hot  nor  cold 
articles  have  been  recently  placed  in  the  mouth,  and  particularly 
if  the  mouth  has  been  kept  closed  for  a  short  time,  the  temperature 
from  the  thermometer  placed  under  the  tongue  is,  without  doubt, 
the  most  accurate  for  ordinary  clinical  work  in  the  tropics,  for  in 
that  position  the  thermometer  is  as  completely  as  possible  protected 
from  the  influence  of  the  nose  and  the  skin. 

A  thermometer,  however  quickly  it  reacts  to  its  surroundings, 
must  be  left  a  reasonable  time  in  the  mouth,  by  which  is  meant  two 
or  three  minutes,  so  that  the  temperature  of  the  closed  mouth  may 
approach  that  of  the  rest  of  the  body.  Crombie  gives  the  time  for 
the  accurate  recording  of  the  temperature  in  India  as  : 

Ten  minutes  in  the  well-closed  and  dry  axilla. 

Eight  minutes  in  the  mouth. 

Three  to  four  minutes  in  the  rectum. 

The  mean  daily  temperature  of  man  for  the  hours  8  a.m.  to  12 
midnight  in  the  Temperate  Zone  is  : 

98-45°  F.  (36-90°  C.)  in  the  axilla. 
98-36°  F.  (36-87°  C.)  in  the  mouth. 
98-96°  F.  (37-20°  C.)  in  the  rectum. 

The  so-called  normal  temperature  of  man,  98-40°  F.  (36-90°  C), 
in  the  mouth  was  determined  as  the  mean  temperature  from  8  a.m. 
to  12  midnight  by  John  Davy  in  1837,  and  by  some  mistake  has 
been  interpreted  into  the  mean  temperature  for  the  twenty-four 
hours,  which  is  different,  being  probably  lower. 

Crombie  gives  the  following  as  the  means  of  the  observations  of 
Ogle,  AUbutt,  Casey,  and  Rattray  : — 


Mean  Morning 
Temperature. 

Mean  Afternoon 
Temperature. 

Mean  Twenty-four 
Hours'  Temperature. 

Maximum  Daily 
Range. 

97-763°  F. 

98-341°  F. 

98*084°  F. 

1-41°  F. 

]  But  at  present  there  are  insufficient  data  upon  which  to  base  a 
definite  conclusion  as  to  the  mean  temperature  of  human  beings  for 
the  whole  twenty-four  hours. 

,  The  average  temperature  varies  from  between  96°  F.  and  97°  F. 
to  a  little  under  99°  F.  in  the  mouth,  and  the  rectal  temperature 
from  97-2°  F.  (36-28°  C.)  between  2  to  5  a.m.  to  99-4°  F.  (37'45"  C.) 
between  4  to  7  p.m. 
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EFFECTS  OF  TEMPERATURE  AND  HUMIDITY. 

Atmospheric  temperature  and  humidity  must  be  considered 
together,  because  the  effect  of  high  air  temperatures  is  modified  by 
the  humidity  of  the  atmosphere. 

The  consideration  of  the  effects  of  high  air  temperatures  asso- 
ciated with  varying  degrees  of  humidity  on  man,  may  be  con- 
veniently discussed  under  the  following  headings  : 

1.  Effect  on  digestion. 

2.  Effect  on  respiration. 

3.  Effect  on  the  circulation  and  the  blood. 

4.  Effect  on  bodily  temperature. 

5.  Effect  on  the  nervous  system. 

6.  Effect  on  the  urinary  system. 

7.  Effect  on  the  generative  organs. 

8.  Effect  on  growth. 

Effect  on  Digestion. 

Parkes  states  that  in  warm  climates  the  digestive  powers  are 
somewhat  lessened,  there  is  less  appetite,  less  desire  for  animal  food, 
and  more  wish  for  cool  fruits.  He,  together  with  Marshall,  Davy, 
and  Morehead,  believe  that  the  quantity  of  bile  excreted  by  the 
liver  is  not  increased,  though  Lawson  is  of  the  opposite  opinion. 

While  we  agree  with  the  fact  that  there  is  less  appetite,  and 
certainly  less  desire  for  animal  food  and  more  desire  for  hot  or 
s^Diced  food,  and  probably  not  such  good  digestion,  we  are  not  in 
accord  with  the  writers  who  maintain  that  there  is  normally  hyper- 
semia  of  the  abdominal  organs  in  Europeans  and  Natives  alike  in 
the  tropics.  There  may  be  hypersemia,  but  it  is  pathological,  not 
normal.  There  may  be  an  excess  of  bUe  secretion,  but  this  will 
depend  upon  the  food  and  drink,  especially  the  latter  if  alcohoUc. 

Effect  on  Respiration. 

Rattray  studied  very  fully  the  influence  of  tropical  climates  on 
respiration,  and  gives  a  table  showing  their  effect  on  the  capacity 
of  the  chest,  as  indicated  by  the  spirometer,  on  a  voyage  from 
England  to  Bahia  and  back.  The  average  of  twelve  observations 
is  as  follows  (hygrometer  indicates  the  difference  between  the  wet 
and  dry  bulb  of  a  Mason's  hygrometer)  : — 


Number  of  Persons,  12. 

Temperature 
650  F., 

Hygrometer 
2-50  F. 

Temperature      Temperature 

780  F.,                83°  F., 

Hygrometer    1    Hygrometer 

4°  F.                   40  F. 

Temperature 
65°  F., 

Hygrometer 
1-5°  F. 

Capacity  of   the   chest   as 
shown  by  spirometer  . . 

Gain  or  loss 

256-083 

28075           287-416 

+  24-833  :  +6-5833 

260-25 
-26-333 

Percentaee  eain   . . 

T?."?A 
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The  increased  capacity,  according  to  Rattray,  is  not  due  to 
any  actual  increase  in  the  capacity  of  the  size  of  the  chest, 
but  to  a  diminished  quantity  of  blood  in  the  lungs,  which  he 
considers  has  been  diverted  to  the  excited  and  congested  skin  and 
liver. 

His  results  may  be  summarized  by  saying  that  the  vascularity  of 
the  lungs  is  reduced  by  23  fluid  ounces,  and  owing  to  diminished 
number  of  respirations  7-5  per  cent,  less  air  is  used  daily,  and 
I -I  ounces  less  carbon,  and  4-5  per  cent,  less  aqueous  vapour 
excreted. 

With  regard  to  these  observations  of  Rattray,  he  is  apparently 
supported  by  all  observers  as  to  the  increase  in  capacity  when 
Europeans'  enter  the  tropics.  Jousset,  however,  states  that  this  is 
only  temporary,  and  disappears  after  acclimatization. 

Rattray  maintained  that  there  was  a  diminution  of  capacity 
when  a  native  of  the  tropics  went  to  the  Temperate  Zone,  and  gave 
the  following  table  : —     , 


Condition. 

Race. 

Temperature 
79°  F- 

Temperature 
78°  F. 

Temperature 
3.°F. 

B.'  C,    aged    twenty-one ; 

Native  of 

210 

207 

185 

height,  5  feet  5  J  inches 

Sierra 
Leone 

J.  C,  aged  twenty ;  height, 

Native  of 

174 

166 

156 

5  feet  4  inches 

Sierra 
Leone 

J.    W.,    aged    thirty-one ; 

half- 

176 

162 

— 

height,  5  feet  4  inches 

caste 

He  found  that  the  frequency  of  respiration  was  slower  in  the 
tropics,  as  is  shown  in  the  following  table  : — 


Climate. 

Mean  Shade 
Temperature. 

Highest 
Number  of 
Respirations. 

Lowest 
Number  of 
Respirations. 

Average 
Number  of 
Respirations. 

Tr„„io„^  /Summer 
England  l^j^^g^ 

,  Equatorial  /Outward 
doldrums  \  Homeward  . . 

62°  F. 
42-25°  F. 

78-74°  F. 
78-60°  F. 

18 

i7'5 

14-5 
15 

ir5 
15 

II 
12 

15-68 
16-50 

12-74 
1374 

Jousset,  Plehn,  and  others  controvert  Rattray's  statement  that 
the  respirations  are  slower,  believing,  on  the  contrary,  that  they 
are  augmented  before  acclimatization. 

This  clearly  shows  that  the  question  is  far  from  settled,  and,  in 
fact,  requires  reinvestigation.  , 


so. 
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Effect  on  Circulation. 

Rattray  investigated    the    pulse-rate   carefully, 
following  table  : — 


and   gives   the 


Time. 

Number  of 
Observa- 
tions. 

Lowest. 

Tropics 

Timperate 
Zone. 

Highest. 

Range. 

Average. 

Average. 

9  a.m. 
3  p.m.     . . 
9  p.m.     . . 

S3 
S3 
49 

66 
68 
73 

112 
I08 

no 

46 

42 

i7 

86-4 
88-8 
87-3 

917 

88-1 
90-5 

Averages 

— 



— 

— 

87-5 

90*  I 

He  gives  the  following  conclusions  : 

1.  The  average  pulse  is  lower  by  2 '5  beats  in  the  tropics  than  in 
the  Temperate  Zone. 

2.  This  change  holds  good  for  the  average  morning  and  evening 
pulse. 

3.  The  average  afternoon  pulse  is  higher  in  the  tropics  than  in 
the  Temperate  Zone,  probably  because  the  solar  heat  is  greatest 
then. 

4.  The  morning  pulse  has  the  greatest  and  the  evening  the  lowest 
range. 

He  considers  that  this  reduction  in  the  pulse-rate  is  related  to 
the  diminished  respiratory  function.  Parkes,  Jousset,  Crevaux, 
Feris,  and  Plehn,  according  to  Huggard,  maintain,  on  the  contrary, 
that  the  pulse  is  increased  by  ten  beats  per  minute.  Plehn  says, 
however,  that  on  acclimatization  the  pulse-rate  sinks  to  normal. 

There  is  said  to  be  a  lowering  of  tension  (associated,  according 
to  Huggard,  with  the  dilatation  of  the  peripheral  vessels),  as  well  as 
increased  elasticity  and  dicrotism,  all  of  which  probably  pass  away 
on  acclimatization. 

In  our  experience,  in  Europeans  commg  to  the  tropics,  the  pulse- 
rate  is  occasionally  slightly  increased.  This  disappears  after  ac- 
climatization, and  the  pulse-rate  becomes  the  same  as  in  Temperate 
Zones.  We  have  never  noticed  dicrotism  of  the  pulse  in  normal 
individuals. 

As  regards  natives  of  the  tropics,  it  is  stated  by  some  authorities 
that  their  pulse  is  quicker  than  in  the  inhabitants  of  Temperate 
Zones.  We  have  not  been  able  to  confirm  this  statement.  Their 
pulse-rate  is  the  same  as  in  Europeans. 

The  condition  of  the  blood  in  Bengalees  in  India  has  been  recently 
studied  by  McCay  and  his  collaborators  with  the  results  shown  in 
table  on  p.  57. 

As  a  result  of  these  researches,  they  conclude  that  these  and 
many  other  differences  met  with  in  the  Bengalee  modify  to  no  small 
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extent  the  physiological  condition  of  nutrition,  growth,  muscular 
power,  and  metabolism,  and  alter  the  reactions  occurring  in  disease. 


Nature  of  Observation. 

Male  Bengalees  in 
India. 

Europeans  in  Europe. 

Erythrocytes    . . 

Leucocytes 

Haemoglobin  (Haldane's  method)     . . 

Colour  index    . . 

Water 

Total  solids 

Proteids 

Salts 

Blood-pressure  in  brachial  by  Riva  | 

Rocci's  sphygmomanometer            ] 
Ratio  of  salts  in  the  urine  to  those  in 

the  blood 

5,300,000 
9,000 
81 
o"74  to  0*85 
78-88 

21-12 

18-26 

1-06 

100  millimetres 
Hyg. 

1-2 

5,193,000 

7,500 

100 

0*95  to  I'l 

78-87 

21-13 

19-17 

0-78 

no  to  130  milli- 
metres Hyg. 

2-0 

1 

McCay  has  shown  that  these  changes  are  dependent  not  upon  air 
temperature,  but  upon  food,  as  has  already  been  pointed  out. 

Effect  on  Bodily  Temperature. 

The  discussion  on  the  effects  of  heat  and  humidity  on  the  bodily 
temperature  may  be  subdivided  into  observations  and  experiments 
made  in  the  Temperate  Zone  and  those  made  in  the  tropics. 

I.  Experiments  and  Observations  made  in  Temperate  Climates. — 
These  experiments  began  with  Lining  in  1738,  who  found  that  when 
the  temperature  in  the  sun  was  125-9°  F-  (5i'i°  C.),  and  in  the  shade 
98°  F.  (36-7°  C),  his  own  axillary  temperature  was  96-9°  F.  (36-1°  C), 
and  his  mouth  temperature  98°  F.  (36-7°  C). 

Ellis  in  1758  recorded  a  bodily  temperature  of  96-9°  F.  (36-1°  C), 
when  the  temperature  of  the  air  was  105-0°  F.  (40-6°  C). 

In  1775  Blagden  and  Fordyce  observed  that  in  dry  air  in  a  room 
heated  from  233-9°  F-  (ii.5'5°  C.)  to  260°  F.  (126-7°  C.)  their 
temperature  remained  normal,  as  taken  by  the  mouth  and  urine, 
even  though  beefsteaks  were  cooked  by  that  temperature  within 
thirteen  minutes.  These  observations  show  that  man  can  regulate 
hjs  temperature  to  suit  a  high  external  temperature  if  the  air  is  dry. 

In  a  damp  room  with  a  temperature  of  123-9°  F-  (54'4°  C.)  their 
temperature,  however,  was  100°  F.  (378°  C).  There  is,  therefore, 
a  great  difference  between  the  effect  of  dry  and  moist  heat  upon 
man. 

The  next  series  of  experiments  of  importance  on  man  are  those 
by  Haldane,  who  descended  a  hot,  damp  mine — the  Levant  Mine 
in  Cornwall — in  which  the  air  was  saturated  with  moisture  and  the 
temperature  was  from  80°  to  93°  F.  (26-7°  to  33-9°  C).  In  this  mine 
he  felt  much  discomfort,  and  even  in  parts  at  86°  F.,  or  30°  C, 
found  that  his  temperature  rose  to  102-5°  F-  (39 '3°  C.),  and  that  of 
another  member  of  the  party  to.  101-5°  F- 
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He  also  mentions  that  on  Boycott's  visit  to  a  spot  where  the  air 
was  saturated  and  the  temperature  93°  F.,  the  latter's  mouth 
temperature  rose  to  103 '5°  F. 

He  says  that,  on  the  other  hand,  the  men  who  are  accustomed  to 
the  mine  appear  to  bear  the  heat  well,  and  not  to  suffer  in  health. 
But  he  remarks  on  the  leisurely  way  in  which  they  work,  an  ob- 
servation which  strikes  the  reader  in  the  tropics  very  forcibly,  as  it 
compares  with  the  slow  progress  of  the  work  he  sees  done  around 
him. 

His  preliminary  conclusions  were  that  the  rectal  temperature  did 
not  show  any  abnormal  increase  until  the  temperature  of  the  wet 
bulb  rose  to  88°  F.  (31°  C),  provided  the  subjects  were  stripped  to 
the  waist  or  clad  in  light  flannel. 

If  the  wet  bulb  exceeded  this  temperature  by  even  1°,  a  very, 
marked  rise  in  the  rectal  temperature  took  place,  and  this  happened : 
whether  the  air  temperature  was  the  same  as  the  wet  bulb,  or  50°  F. 
(98°  C),  or  only  10°  F.  above  it.     The  rectal  temperature  rose  hour 
by  hour  in  proportion  as  the  wet  bulb  temperature  rose  above  88°  F., 
but  more  rapidly  the  higher  this  temperature  rose. 

If  the  experimenter  was  at  rest  in  air  moving  at  the  rate  of 
170  linear  feet  (51  metres)  per  minute,  a  wet-bulb  temperature  up 
to  about  93°  F.  could  be  borne  without  rise  of  body  temperature. 
When  he  was  working  leisurely  in  still  air,  the  limit  of  the  wet- 
bulb  temperature  was  78°  F.  (25-5°  C),  and  with  hard  work  it  was 
lower.  When  he  was  working  leisurely  in  air  moving  at  the  rate  of 
135  linear  feet  per  minute,  85°  F.  (29-5°  C.)  could  be  borne,  but  not 
87°  F.  (30-5°  C). 

The  symptoms  which  accompanied  the  abnormal  rise  of  body 
temperature  were  : 

(i)  Marked  rise  of  the  pulse-rate  about  20  per  1°  F.,  or  36  per 
1°  C.  rise  in  rectal  temperature  when  standing,  and  a  quarter  less 
when  sitting.  This  increase  depended  not  merely  on  the  rectal  tem- 
perature, but  also  on  the  wet-bulb  temperature,  for  on  returning  to 
cool  air  there  was  an  immediate  drop  of  the  pulse-rate  of  10  per 
1°  F.  standing  and  8  sitting. 

(2)  When  a  rectal  temperature  of  102°  F.  was  reached,  hyperpncea 
was  noticeable. 

(3)  Profuse  sweating. 

(4)  General  feeling  of  exhaustion  and  discomfort. 

It  is  obvious,  therefore,  from  the  experiments  quoted,  that  a 
normal  man — for  a  short  time,  at  all  events — can  stand  very  high 
temperatures  without  bad  eiiects,  provided  that  the  air  is  dry. 
The  skin  is  able  to  compensate  for  the  excess  of  heat  received  by 
increased  work,  which  it  does  by  increasing  the  loss  of  heat  by 
hypersemia  and  increased  sweat-production,  for  it  must  be  re- 
membered that  loss  due  to  radiation  and  conduction  wUl  be 
diminished. 

If,  on  the  other  hand,  the  humidity  of  the  atmosphere  is  in- 
creased, and  a  temperature  of  88°  F.  in  still  air,  or  93°  F.  in  moving 
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air,  as  recorded  by  the  wet-bulb  thermometer,  is  exceeded,,  the 
bodily  temperature  will  begin  to  rise. 

It  is  therefore  obvious  that,  in  discussing  climatic  effects,  the 
relative  humidity  is  of  the  utmost  importance. 

2.  Experiments  and  Observations  in  the  Tropics.— The  tropical 
observations  may  be  divided  into — 

(i)  Observations  during  passage  from  the  Temperate  to  the 
Tropical  Zone. 

(2)  Observations  during  residence  in  the  tropics. 

(3)  Observations  during  passage  from  the  tropics  to  the  Tem- 
perate Zone. 

(x)  Observations  during  Passage  from  the  Temperate  to  the  Tropical 
Zone. — Davy  in  1839,  during  a  voyage  from  England  to  Ceylon, 
made  observations  on  seven  healthy  men  under  thirty  years  of  age, 
the  results  of  which  were  as  follows  : — 


Climate. 

Temperature  of  Air. 

Mouth  Temperature. 

Tropics  . .          . . 
Temperate  Zone 

79-5°  F.  (26-4°  C.) 
6o-o°F.  (15-6°  C.) 

99-2°  F.  (37-32=  C.) 
98,-3°  F.  (36-80°  C.) 

From  these  data  he  concluded  that  the  temperature  of  man  in- 
creased in  passing  from  a  temperate  to  a  warm  climate,  and  that, 
therefore,  the  inhabitants  of  warm  climates  have  a  slightly  higher 
temperature  than  those  in  temperate  climates.  Reynaud  and  Blos- 
ville's  observations  on  the  mean  temperature  of  eight  men  are  as 
follows  : 


Climate. 

Temperature  of  Air. 

Temperature  of  Men. 

Tropics 
Temperate  Zone 

79°  to  86°  F.  (26°  to  30°  C.) 
53°  to  62°  F.  {12°  to  27°  C.) 

100°  F.  (37-58°  C.) 
99°  F.  (37-11°  C.) 

Rattray,  on  a  voyage  from  England  to  Bahia  and  back,  took  the 
temperature  under  the  tongue  thrice  a  day  in  a  number  of  persons, 
and  found : — 


Climate. 

Temperature  of  Air. 

Mouth  Temperature. 

Temperate  climate  near 

England 
Tropics  generally 
Equator 

65-0°  F.  (i8-o°C.) 
76-9°  F.  (25-0°  C.) 
84-0°  F.  (27-7°  C.) 

98-30°  F.  (36-8°  C.) 
98-66°  F.  (37-0°  C.) 
99-02°  F.  (37-2°  C.) 

Rattray  indicates  that  he  noted  the  humidity,  but  unfortunately 
does  not  give  figures  suitable  for  making  calculations  as  to  the 
relative  humidity. 


6o 


THE  EFFECTS  OF  TROPICAL  CLIMATES  ON  MAN 


According  to  Wunderlich,  Brown-S^quard,  on  a  journey  from 
France  to  Mauritius,  found  the  following  changes  in  one  week  in  the 
temperature  of  eight  healthy  people  taken  under  the  tongue  : — 


'     Climate. 

Temperature  of  Air. 

Mouth  Temperature  (Mean).  . 

Temperate 

Tropical 

Equatorial 

46-4°  F.  (80 -0°  C) 
77-o°F.(2S-o''C.) 
8s-i<"  F.  (ag-s"  C.) 

97-90°  F.  (36-625°  C.) 

99-40°  F.  (37'428°  C.) 

100-22°  F.  (37'900°  C.) 

Eydoux  and  Souleyet,  however,  record  smaller  differences  as  the 
result  of  their  observations. 

Becher  laid  down  as  a  law  that  the  bodily  temperature  increased 
in  the  proportion  of  0-05°  F.  for  every  1°  F.  increase  in  that  of  the  air. 

Neuhaus,  during  a  voyage  round  the  world,  took  the  temperature 
regularly,  and  found  : — 


Temperature  of  Air. 

6  a.m. 

12  noon. 

6  p.m. 

10  p.m. 

from  ii-5°-i3-6° 
From  23 -9" -26-6° 

36-6°  C. 
SS 

36-9°  c. 
60 

36-9°  c. 

55 
37-3°  C. 

68 

37-1°  C. 

62 

37-3°  C. 

72 

36-8°  c. 

56 

37-i°C. 
64 

Rectal  tempera- 
ture 

Pulse 

Rectal  tempera- 
ture 

Pulse 

Plehn's  observations  on  this  point  are  of  the  greatest  interest, 
for  he  found  his  temperature  0-9°  F.  (0-5°  C.)  higher  than  normal 
before  acclimatization  in  the  Cameroons,  and  1-8°  F.  (i-o°  C.)  higher 
in  the  Red  Sea,  with  a  temperature  varying  from  80°  to  89-2°  F. 
(289°  to  31-8°  C),  with  a  relative  humidity  of  between  60  per  cent, 
and  74  per  cent. 

^Further,  he  believes  that  on  a  quick  transit  from  a  cold  to  a  hot 
chmate  the  body  temperature  of  a  European  undergoes  a  shght 
rise,  which  does  not  take  place  if  the  start  is  made  in  the  European 
summer  and  the  arrival  in  the  tropics  in  the  cool  time  of  the  year. 

All  these  observers  agree  that  there  is  a  rise  of  bodily  temperature 
m  passing  from  the  Temperate  Zone  to  the  Tropics,  the  rise  being, 
according  to — 


Davy  (mouth) 

Reynaud  and  Blosville  . . 

Rattray  (mouth)  (tropics) 

..  ,,         (Equator) 

Brown-Sequard  (mouth)  (tropics) 

f.             ..               ,,  '     (Equator) 
Neuhaus  (rectal) 
Plehn  (site  ?)        


o"90°  F.  (o"5o' 

i*oo°  F.  (0-47' 

0-36°  F.  (0-20° 

072°  F.  (0-40° 

1-50°  F.  (o-8o° 

2-32°  F.  (1-24' 

0-54°  F.  (0-30°  C.) 

0-9  to  1-8°  F.  (0-5  to  r«' 


■C.) 
'C.) 
'C.) 
■C.) 
'C.) 
C.) 


C.) 


It  would  appear  as  though  the  bodily  temperature  increased 
about  0-5°  F.  on  passing  from  the  Temperate  Zone.into  the  tropics, 
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but  while  provisionally  making  this  statement,  it  is  necessary  tc 
remember  that  the  question  of  humidity  has  not  been  considerec 
in  comparison  with  these  observations,  which  were  all  taken  or 
board  ship,  many  of  them  presumably  in  mid-ocean,  where  tin 
relative  humidity  is  considerable. 

Rattray  saw  this  defect  in  his  own  observations,  and  points  i1 
out  in  his  last  paragraph,  and  regrets  that  statistics  are  not  forth- 
coniing  from  which  to  draw  satisfactory  conclusions  on  this  point. 

Since  he  recorded  his  observations,  Haldane's  experiments  havt 
emphasized  the  importance  of  humidity,  and  personally  we  believf 
that  Brown-Sequard's  results  still  further  demonstrate  the  need  fbi 
more  researches  on  this  subject.  Our  own  observations  are  ir 
agreement  on  the  whole  with  those  who  find  no  alteration,  for  records 
carefully  taken  on  board  ship  have  failed  to  show,  with  very  rare 
exceptions,  any  rise  of  temperature  in  perfectly  healthy  Europeans 
entering  the  tropics  for  the  first  time. 

The  following  table  from  Rattray  clearly  shows  that  a  large 
number  of  records  are  necessary,  otherwise  individual  differences 
will  show  too  prominently  :■ — 


Time  of  Day. 

Average 
Temperature 
of  Air  Shade. 

Number 
of  Ob- 
servations. 

Tempera- 
ture 
980  F. 

Tempera- 
ture 
98-50  F. 

Tempera- 
ture 
99°  F- 

Tempera- 
ture 
99-5°  F. 

Tempera- 
ture 
100°  F. 

9  a.m. 

3  p.m.      . . 

9  p.m.       . . 

98-51°  F. 
99-00°  F. 
98-47°  F. 

51 

51 
51 

22 

6 
8 

II 

5 

23 

II 
18 
15 

7 
17 

5 

0 

5 
0 

Averages 
and  totals 

98-00°  F. 

153        :          36 

39 

44 

29 

5 

It  is  therefore  possible  that  Brown-Sequard's  results  may  partlj 
depend  upon  personal  peculiarities. 

(2)  Observations  during  Residence  in  the  Tropics. — ^The  next  poini 
to  discuss  is  the  temperature  of  Europeans  and  Natives  residing  in 
the  tropics. 

The  earliest  observations  to  which  we  have  referred  are  those 
made  by  Davy  upon  himself  in  England  and  Barbadoes  :■ — 

Observations  on  Himself  in  England  from  August,   1844,  to 
April,   1845. 


Time  of  Day. 

Mean 
Temperature 
under  Tongue. 

Mean 
Pulse. 

Mean 

Respiration. 

Mean 

Temperature 

of  Room. 

Remarks. 

7  to  8  a.m. 
3  to  4  p.m. 

.1 2  midnight 

98-74°  F. 
98-52°  F. 

9792°  F. 

57-6 
55-2 

547 

iS-6 
15-4 

15-2 

50-9°  F. 
547°  F. 

62-0°  F. 

Dinner  at 
5  p.m. 
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Observations  in  Barbadoes  from  July,   1845,  to  November,   iS 


Time  of  Day. 

Mean 
Temperature 
under  Tongue, 

Mean 
Pulse. 

Mean 
Respiration. 

Mean 

Temperature 

of  Room. 

Remarks. 

6  to  7  a.m. 
12  to  2  p.m. 
9  to  1 1  p.m. 

98-07"  F. 

98-09°  F. 

99°  F. 

54-4 
56-0 
60-3 

14-4 

iS'4 

15 

76-7°  F. 

836°  F. 

79°  F. 

Breakfast  at 

9  a.m. 

Dinner  at 

5  p.m. 

Tea,  7  p.m. 

His  own  deductions  are  that  the  evening  temperature  was  higher 
in  Barbadoes  by  0-93°  F.,  and,  further,  that  the  daily  fluctuations 
are  not  identical. 

The  next  observations  of  importance  are  those  of  Crombie  in  Cal- 
cutta, who  carefully  investigated  this  question  in  Europeans  and 
Natives  of  India  during  a  period  extending  over  eighteen  months. 
The  temperatures  were  taken  in  the  axilla,  mouth,  and  rectum. 

The  Europeans'  temperatures  were  generally  taken  in  the  mouth, 
and  the  Indians'  (because  of  caste  prejudices)  in  the  axilla,  for  which 
Crombie  says  a  correction  of  0-2°  F.  was  made — i.e.,  was  added  to 
these  temperatures.     The  European  figures  are  : — 


Mean  a.m.  Tempera- 
ture. 

Mean  p.m.  Temperature. 

Mean  of  Twenty-four 
Hours. 

Maximum  Daily 
Range. 

98-21°  F. 

9877°  F. 

98-49°  F. 

1-31 

The  average  variation  of  the  temperature  in  Europeans  in  India, 
according  to  Crombie,  is  as  follows  : — 


2  a.m.  to  7  a.ra. 
8  a.m.  to  I  p.m. 
2  p.m.  to  8  p.m. 
8  p.m.  to  I  a.m. 


97-83°  F. 
98-61° F. 
98-92°  F. 
98-S4°F. 


It  will  be  noticed  that  these  figures  make  the  European  tem- 
perature about  0-41°  F.  higher  in  India  than  in  England. 

Food  and  exercise,  but  particularly  the  latter,  produce  a  marked 
rise  in  temperature,  which  might  last  some  hours.     Sleep  depressed  ' 
the  temperature. 

With  regard  to  Natives,  the  average  temperature  was  found  to 
be  0-50°  F.,  and  at  noon  nearly  i-o°  F.  higher  than  in  a  European. 

Crombie  points  out  that  the  high  average  temperature  of  the 
Native  between  10  a.m.  and  12  noon  is  probably  owing  to  a  meal 
between  9  a.m.  and  10  a.m.,  and  the  absence  of  the  rise  in  the 
evening  to  the  fact  that  the  temperatures  were  taken  when  at  rest. 
He  considers  the  normal  temperature  of  Natives  in  India  to  be 
between  98°  and  99°  F.  from  10  p.m.  to  10  a.m.,  and  from  99°  to 
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100°  F.  between  10  a.m.  and  10  p.m.  In  Ceylon  and  Africa,  ac- 
cording to  our  experience,  the  temperature  of  normal  Natives  kept 
at  rest  does  not  exceed  98-4°  F.  Davy  states  that  Natives  of 
Ceylon,  Mauritius,  and  the  Cape  have  a  temperature  of  06°  F. 
higher  than  the  average  in  temperate  climates. 

Crombie  and  Davy  both  agree  that  the  temperature  of  Europeans 
in  the  tropics  is  about  0-5°  higher  than  in  the  Temperate  Zone.  In 
our  experience  this  may  occur,  but  only  before  acclimatization. 

Livingstone  noted  that  the  temperature  in  the  shade  being  42-2°  C, 
the  native  temperature  was  367°  C,  while  his  own  was  37'8°  C.  ; 
but  this  would  without  doubt  be  due  to  the  fact  that  the  natives 
would  be  perspiring  much  more  freely  than  he  was,  because  of 
the  lack  of  clothes,  for  the  skin  of  a  perspiring  West  African  native 
feels  quite  cold. 

Jousset's  observations,  however,  appear  to  begin  to  get  to  the 
real  truth,  for  his  figures  demonstrate  that  though  the  axillary  tem- 
perature is  generally  07°  C.  to  o-8°  C.  higher  in  Europeans  and 
Natives  living  in  the  tropics  than  that  observed  in  temperate  climes, 
they  are  approximately  the  same  in  both  races  under  similar  con- 
ditions of  heat,  humidity,  etc. 


Natives  of  the  Tropics. 

Europeans  in  the  Troi 

3ics. 

Hindus 

37-85°  c. 

Officials  at  Chanderna- 
gore 

38-16°  C. 

Cochin  Chinese     . . 

37-60°  C. 

— 

— 

Chinese 

37-85°  C. 

— 

— 

Negroes  of  Senegal 

37-70°  C. 

Sailors  at  Senegal 

37-75°  c. 

Negroes  on  Congo 

37-80°  c. 

— 

— 

Negroes  at  the  Antilles  . . 

37-80°  C. 

/Sailors  at  Antilles 
\  Soldiers  at  Antilles 

37-70°  C. 
37-75°  c. 

Woodruff  has  tried  to  prove  that  blonde  persons  are  more  subject 
to  increased  temperatures  in  the  tropics  than  brunettes,  and  states 
that  variations  as  high  as  100°  F.  to  102°  F.  have  been  noted  in 
healthy  blonde  Teutons. 

Eijkman,  according  to  Pembrey,  gives  the  average  temperature 
of  Europeans  living  in  Batavia  as  98-65°  F.  (37-02°  C),  and  that  of 
the  Malays  98-47°  F.  (36-93°  C). 

It  is  thus  seen  that  the  majority  of  the  above  observers  are 
inclined  to  the  view  that  there  is  a  slight  increase  in  the  temperature 
of  Europeans  and  Natives  in  the  tropics  as  compared  with  their 
Temperate  Zone  temperatures. 

But  Plehn's  remarks  on  this  subject  are  most  interesting,  for  he 
says  that  after  a  residence  in  the  tropics  there  is  no  difference 
between  the  temperature  of  a  normal  European  in  the  tropics  and 
that  of  a  similar  individual  in  Europe.  Further,  that  there  is  nc 
perceptible  difference  between  the  body  temperature  of  the  accli- 
matized European  and  the  native  black  race. 
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These  statements  of  Plehn  are,  in  our  opinion,  the  correct 
answer  to  the  question  we  are  considering— viz.,  that  the  acclima- 
tized European  and  Native  under  similar  circumstances  have  a 
similar  temperature.  He  is  supported  by  Johnston,  Boileau,  Furnell, 
and  Thornley,  and  also  by  our  own  experience  in  various  parts  of 
the  tropics.  It  is,  however,  obvious  that  further  information  is 
required  on  this  interesting  subject. 

This  position  of  affairs  naturally  brings  us  to  the  question  as  to 
whether  there  is  a  seasonal  variation  of  the  temperature  in  the 
tropics.  Davy,  as  a  result  of  observations  upon  his  mouth  tem- 
perature in  Barbadoes,  found  no  variations  with  the  season. 
Jousset,  on  the  other  hand,  found  a  drop  of  oz°  C.  to  0-3°  C.  in 
the  average  temperature  of  the  Natives  in  the  cool  season. 
But  these  observations  are  too  few  to  make  any  remarks  upon, 
though  one  would  expect  such  a  variation.  , 

Perhaps  it  will  be  found  eventually  that  race  has  little  to  do  with 
temperature,  but  that  climate  and  possibly  seasons  in  the  tropics 
will  be  found  to  have  an  influence  which  possibly  wiU  depend  largely 
upon  the  relative  humidity  of  the  atmosphere  coupled  with  a  high 
air  temperature,  care  being  taken  in  such  observations  to  allow  for 
the  effects  of  exercise,  food,  clothing,  sleep,  etc.  Moreover,  indi- 
vidual differences  may  be  considerable,  as  is  well  shown  in  Rattray's 
table  given  above. 

(3)  Observations  on  the  Passage  from  the  Tropics  to  the  Temperate 
Zone. — Davy  found  that  on  passing  from  a  hot  climate  to  a  tem- 
perate one,  when  there  was  a  mean  air  difference  of  20°  F.  (ii-ii°  C), 
there  was  a  mean  bodily  temperature  difference  of  i"58°  F.  (o-88°  C.]. 

Brown-Sequard,  according  to  Wunderlich,  found  that  when  th,6 

party  above  mentioned  had  proceeded  from  the  Equator  to  y]\ 

\  degrees  south  latitude,  the  temperature  of  the  air  became  60 'S"  F. 

I  (16°  C),  and  the  mean  mouth  temperature  99"04°  F.  (37"33°  C.):; 

but,  of  course,  the  party  in  question  had  not  become  acclimatized. 

Ranke  has  made,  some  observations  on  this  point,  but  the  total 
number  are  too  few  to  enable  any  deductions  to  be  drawn. 

Our  own  observations  indicate  that  there  is  no  alteration  in  the 
temperature  in  the  passage  from  warmer  to  cooler  regions. 

Effect  on  the  Nervous  System. 

It  appears  that  the  cells  of  the  nervous  system  obey  the  general 
law  that  vital  activity  is  increased  with  a  higher  temperature,  but 
only  up  to  a  certain  point,  after  which  their  functional  activity  becomes 
markedly  depressed.  This  is  the  case  in  most  Europeans,  though  a 
great  deal  of  mental  and  physical  work  can  be  done  in  the  tropics  if 
the  bodily  health  is  maintained.  Natives  naturally  are  less  prone 
to  feel  the  depressing  effects  of  continuous  high  temperature. 

It  is  possible  that  this  condition,  together  with  the  effect  of  the 
actinic  rays  of  the  sun,  may  result  in  weakening  the  control  of  the 
higher  centres  over  the  lower,  and  thus  inducing  outbursts  of  what 
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Plehn  calls  '  tropical  fury  '  (Tropenkohler) ,  by  which  he  means  fits 
of  passion  caused  by  trivial  incidents.  This  is  seen  not  only  in 
Europeans,  but  in  Natives,  who  are  apt  to  do  violent  deeds  under 
the  impulse  of  unreasoning  anger.  It  appears  to  be  one  of  the 
causes  of  assaults  and  violent  crime  in  certain  parts  of  the  tropics. 


Effect  upon  the  Urinary  System. 

Urine  is  diminished  in  quantity  in  the  tropics,  and  this  is  said  to 
be  due  not  merely  to  diminution  of  water,  but  also  of  solids,  among 
which  urea  and  chlorides  may  be  noticeably  mentioned.  Lawson 
says  that  the  pigments  are  increased. 

It  may,  further,  be  of  interest  to  note  the  results  of  McCay,  Ban- 
ner] i,  Dutton,  and  Ghosal  on  the  urine  in  Bengalees  in  India  as 
compared  with  the  European  averages  : 


Constituent  in  the  Urine. 

Male  Bengalees  in  India. 

Male  Europeans  in  Europe. 

Quantity- 

1,177  c.c. 

1,200  to  1,500  CO. 

Specific  gravity 

1006  to  1024 

1015  to  1025 

Urea 

5'56  to  I9'68  grammes 

30  to   35   grammes  per 

per  diem 

diem 

Total  nitrogen 

5-9  grammes  per  diem 

14  to  18  grammes 

Chlorides 

943  grammes  per  diem 

1 5  grammes  per  diem 

Phosphates 

0-95     to     1-4    grammes 

2  to  3'5  grammes  per 

per  diem 

diem 

N  :  P2O5  ratio 

5  or  6  :  I 

Practically  the  same 

Uric  acid 

048  gramme  per  die;!! 

0'3   to   7   grammes  per 
diem 

Total  sulphates 

175  to  2-2  grammes 

2' 5  to  3  grammes 

Ethereal  sulphates 

0'I5  to  o'22  gramme 

McCay's  recent  investigations  show  that  this  reduction  in  solids 
is  due  to  the  food,  and  not  to  the  temperature. 

According  to  Huggard,  Dundas  has  described  an  atrophy  of  the 
kidney  among  residents  of  the  tropics.  We  are  well  acquainted 
with  the  small  size  of  the  kidney  so  often  seen  in  the  tropics,  due  to 
chronic  interstitial  nephritis,  but  not  with  a  simple  atrophy  of  the 
kidney. 

Effect  on  the  Generative  Organs. 

The  generative  organs  act  more  vigorously  in  the  tropics,  but 
venereal  excess  is  distinctly  more  deleterious  than  in  the  Temperate 
Zone.  .       .   . 

Menstruation  begins  about  one  year  earlier  in  European  girls  living 
in  the  tropics  than  in  those  living  in  the  Temperate  Zone.  For  in- 
stance, it  begins  in  48-4  per  cent,  at  thirteen  to  fourteen  years  of 
age,  and  in  50-07  per  cent,  at  fifteen  to  sixteen  years  of  age. 
Eurasian  and  East  Indian  girls,  according  to  Das,  mostly  begin  to 
menstruate  at  thirteen  years  (54-8  per  cent.),  though  a  considerable 
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number  do  so  at  twelve  years  (i8-6  per  cent.).  Natives  of  India 
mostly  begin  about  eleven  to  twelve  years  of  age  (63-51  per  cent.), 
and  high-caste  Indian  girls  begin  in  their  eleventh  year  (50  per  cent.) 
or  twelfth  year  (48  per  cent.)  ;  but  this  early  menstruation  may  be 
associated  with  child-marriage  rather  than  climate.  Puberty  in 
boys  appears  at  an  earlier  age  than  in  temperate  climates. 

There  appears  no  reason  to  doubt  that  the  climacteric  is  a  more 
trying  time  for  the  European  woman  in  the  tropics,  and  tends  to 
produce  neurasthenia.  If  possible,  therefore,  such  a  woman  should 
be  sent  to  the  Temperate  Zone  during  this  period. 

It  is  probable  that  fertility  is  not  affected  in  Europeans,  though 
there  is  some  doubt  on  this  subject.  Abortions  are  said  to  be  more 
common  in  the  European  in  the  tropics  than  in  the  Temperate  Zone, 
and  post-partum  haemorrhage  is  also  said  to  be  more  common,  but 
these  statements  require  careful  investigation  before  being  accepted. 

Effect  on  Growth. 

Rattray  made  observations  on  the  weight  and  growth  of  forty- 
eight  naval  cadets,  aged  from  fourteen  and  a  half  to  seventeen  years, 
during  four  successive  changes  of  climate  during  a  voyage. 

He  considered  that  they  grew  too  rapidly  and  lost  weight  con- 
siderably in  the  tropics,  and  that  their  strength  and  health  was 
impaired  by  the  heat. 

These  conclusions  of  Rattray's  are  df  the  greatest  importance, 
showing  clearly  the  necessity  (well  known)  of  sending  Europeasri 
children  as  soon  as  possible  to  live  in  the  Temperate  Zone,  not 
merely,  as  some  writers  assert,  for  education,  but,  much  more 
importantly,  for  their  health. 

McCay's  observations  show  that  too  little  proteid  in  the  food 
affects  the  growth  of  the  Bengalee  boy,  who  grows  up  slender,  and 
is  defective  in  vigour  and  vitahty. 


THE  EFFECT  OF  LIGHT. 

Sunlight  contains  heat  rays  (red),  light  rays  (yellow),  and  chemical 
rays  (blue,  violet,  and  ultra-violet) . 

These  rays  reach  the  earth,  according  to  Langley,  in  the  following 
percentages  : — 

Per  Cent. 

Ultra-violet 


Violet      

'    •  ■      69 
. .      42 

Blue         

.  .      48 

Greenish-blue     . . 

•  •      54 

Yellow 

.  .     63 

Red          

. .      70 

Infra-red 

.  .      76 

The  chemical  rays  appear  to  have,   firstly,  a  stimulative  and 
beneficial  influence,  and,  secondly,  a  harmful  influence. 
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Stimulative  Influence. 

Finsen,  by  experiments  upon  tadpoles,  earthworms,  beetles,  flies, 
etc.,  came  to  the  conclusion  that  the  action  of  the  chemical  or  blue- 
violet  rays  was  very  considerable  as  compared  with  light  (yellow) 
or  heat  (red)  rays,  and  that,  though  their  action  was  probably  very 
complex,  still,  it  could  be  best  considered  as  an  excitation  of  the 
nervous  system. 

This  excitation  was  so  powerful  as  to  produce  reflex  actions  in 
tadpoles  and  movements  in  other  animals,  while  in  man  he  con- 
siders them  to  be  the  cause  of  the  feeling  of  bien-Hre  experienced  on 
a  bright,  sunny  day,  which  he  compares  with  the  depression  felt  on  a 
dark,  cloudy  day. 

Bactericidal  Properties. 

Downes  and  Blunt  in  1877  showed  that  the  chemical  rays  could 
kill  bacteria,  while  D'Arsonval  and  Charrain  showed  that  they  could 
kill  the  Bacillus  pyocyaneus.  In  1903  Bernard  and  Morgan  demon- 
strated that  it  was  the  middle  third  of  the  ultra-violet  portion  of 
the  spectrum  which  caused  these  bactericidal  effects. 

Harmful  Influences. 

Acute  Skin  Irritation. — Charcot  in  1859  first  expressed  the 
opinion  that  it  was  the  chemical  and  not  the  heat  rays  which  pro- 
duced sunburn,  and  showed  that  the  dermatitis  caused  by  strong 
electric  light  was  identical  with  that  caused  by  the  sun. 

In  1889  Widmark  proved  this  definitely  by  using  an  electric  ate 
of  1,200  candle-power,  the  light  of  which  was  first  passed  through 
water  to  absorb  the  heat  rays,  and  then  allowed  to  fall  upon  the 
shaven  skin  of  a  white  rabbit,  when  the  characteristic  inflammation 
resulted.  He  then  interposed  a  plate  of  ordinary  glass  to  exclude 
the  ultra-violet  rays,  when  the  skin  remained  unaffected. 

In  1901  Finsen  placed  on  the  flexor  surface  of  his  forearm  a  plate 
of  rock-crystal  and  pieces  of  different-coloured  glass,  and  also  wrote 
his  initials  in  Indian  ink.  He  then  exposed  the  arm  to  the  rays 
from  an  8o-ampere  arc  for  twenty  minutes,  ten  minutes  at  a  distance 
of  50  metres,  and  ten  minutes  at  75  metres.  The  result  was  that 
first  aU  parts  were  slightly  influenced  by  the  heat,  and  then  those 
parts  which  were  unprotected  or  covered  with  rock-crystal  became 
red  and  inflamed,  and  later  desquamated  and  became  pigmented, 
while  the  parts  covered  by  glass  and  Indian  ink,  after  the  shght 
initial  inflammation  due  to  the  heat,  did  not  further  react.  This 
experiment  is  interesting  as  showing  that  the  effects  due  to  heat 
appear  at  once  and  pass  off  quickly,  while  those  due  to  the  chemical 
rays  do  not  begin  until  after  a  lapse  of  three  hours,  which  agrees 
with  the  well-known  fact  that  a  sunburn  takes  some  time  to  develop. 

Freund,  as  the  result  of  his  experiments,  concluded  that  the 
chemical  rays  penetrated  into  the  skin.  Bernard  and  Morgan  found 
that  the  ultra-violet  rays  were  the  active  agent  in  producing  sunburn. 

5—2 
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The  histology  of  solar  erythema  is  not  well  known.  Leredde  and 
Pantrie  made  a  biopsy  on  the  skin  of  the  shoulder  of  one  of  their 
friends  who  was  suffering  from  sunburn  of  three  days'  duration. 
The  skin  was  in  a  condition  of  acute  erythema,  without  oedema  or 
effusion.  Under  a  low  power  of  the  microscope  the  epidermis 
appeared  normal  in  thickness  and  disposition,  but  the  horny  layer 
was  exfoliated  in  places.  The  dermis  was  richer  than  normal  in 
cellular  elements,  and  the  connective-tissue  bundles  were  swollen. 
Under  a  higher  power  the  intercellular  spaces  appeared  larger  than, 
normal.  The  vessels  of  the  dermis  were  dilated,  and  there  was 
a  shght  leucocytic  infiltration,  while  the' connective-tissue  cells  were 
swollen.  These  appearances  are  exactly  like  those  produced  by  the 
rays  of  an  electric  Ught. 

If  the  sun's  action  stops  at  this,  the  only  change  will  be  the 
deposit  of  the  yellowish-brown  piginent  in  the  skin  so  well  known 
in  the  tropics.  If,  however,  the  action  is  more  intense,  an  exuda- 
tion appears,  which  may  be  sero-fibrinous,  cellular,  or  bloody,  while 
the  depth  to  which  these  changes  may  extend  depends  upon  the 
intensity  of  the  Ught.  The  epithelium  becomes  swollen,  and  buUae 
may  form,  and  the  connective  tissue  of  the  dermis  be  swollen. 

The  pigmentation  of  the  epidermis  is  important,  and  will  be 
referred  to  at  greater  length  in  the  next  section. 

Chronic  Skin  Irritation. — ^The  chronic  effects  produced  on  the 
skin  by  the  chemical  energy  of  light  are  : 

(i)  Pigmentation. 
I  (2)  Vascular  modification. 

(3)  Disease. 

(i)  Pigmentation. — It  is  well  known  that  pigmentation  follows 
sunburn,  but  until  recently  it  was  not  evident  that  it  was  of  a 
protective  nature. 

In  1888  Wedding,  confirmed  by  Charcot,  first  made  this  point 
clear,  though  Unna  in  1885  was  the  first  to  say  that  it  was  to  be 
regarded  as  useful,  inasmuch  as  it  prevented  the  rays  penetrating 
too  deeply,  thus  preventing  inflammation. 

In  i8g6  Finsen  painted  a  black  ring  2  inches  wide  round  his  arrn 
with  Indian  ink  to  imitate  the  colour  of  a  negro's  skin,  and  then 
exposed  it  for  three  hours  to  a  very  hot  sun.  For  a  time  the  skin 
remained  normal,  showing  only  a  little  redness  at  the  edge  of  the 
black  paint,  but  in  due  course  it  became  red  and  inflamed,  except 
where  it  had  been  painted  black.  After  several  days  the  erythema 
disappeared,  and  the  area  which  had  been  red  was  noticed  to  have 
become  distinctly  pigmented,  or,  in  plain  language,  was  sunburnt. 

He  then  exposed  it  again  to  the  sun,  but  this  time  the  area  which 
had  originally  been  covered  with  Indian  ink  was  unprotected. 
The  result  was  that  this  part  became  red  and  inflamed,  while  the 
pigmented  area  was  unaffected,  except  that.it  became  a  little  more 
pigmented. 

This  experiment  of  Finsen's  shows  that  the^colour  of  native  races 
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living  in  the  tropics  is  protective,  and  was  possibly  originall; 
induced  by  the  sun.  Sambon  and  Baly  found  that  the  ultra-viole 
rays  were  entirely  absorbed  by  a  pigmented  piece  of  skin,  anc 
therefore  support  the  theory  that  pigmentation  affords  an  ef&cien 
natural  protection  against  ultra-violet  rays.  ' 

That  the  dark  pigmentation  is  useful  is  shown  also  by  the  ob 
servation  made  by  us  on  various  occasions  that  natives  sufferin; 
from  leucoderma  avoid  going  into  the  sun,  as  they  state  that  thi 
unpigmented  portions  of  the  skin  become  inflamed  and  painful 
In  this  connection,  an  interesting  case  showing  the  importance  o 
these  rays  came  under  our  notice.  A  native,  who  had  developec 
large  leucodermic  patches  involving  the  whole  of  the  face,  noticec 
that  he  could  no  longer  work  in  the  sun,  as  each  time  he  tried  t( 
do  so  the  patches  became  painful  and  he  felt  sick,  very  weak,  anc 
giddy,  and  therefore  asked  to  be  relieved  of  his  outdoor  duties  ;  bu 
it  was  held  that  the  man  was  still  fit  to  discharge  his  ordinary  duties 
with  the  result  that  the  unfortunate  man  was  compelled  to  resigr 
his  appointment  a  few  months  later.  It  is  therefore  well  that  th( 
importance  of  skin  pigmentation  should  be  more  widely  known. 

Generally  speaking,  in  regions  where  the  sunlight  is  very  intense 
the  race  is  densely  pigmented.  As  a  rule,  the  people  who  liv( 
nearer  the  Equator  are  more  pigmented  than  those  farther  away 
e.g.,  the  black  colour  of  the  West  African  can  be  compared  witl 
the  red  of  the  American  Indian  or  the  yellow  of  the  Chinese.  Bui 
this  rule  is  not  without  exceptions,  for  the  Sinhalese,  living  neare: 
the  Equator,  are  distinctly  less  pigmented  than  the  Tamils  of  th( 
warmer  regions  of  Jaffna  and  South  India. 

There  is  also  not  the  slightest  doubt  that  the  European  living  ir 
tropical  countries  becomes  darker,  a  fact  which  specially  applies  tc 
the  descendants  of  the  settlers.  On  the  other  hand,  according  tc 
Finsen,  the  dark  colour  of  the  negro  diminishes  to  a  sensible  degres 
in  Europe. 

It  must  be  noted,  however,  that  a  certain  number  of  European; 
do  not  become  sunburnt  in  the  tropics.  On  the  contrary,  theii 
skin,  especially  in  localities  where  the  climate  is  damp  and  hot 
may  take  a  peculiar  whitish  colour,  even  in  cases  in  which  the  blood 
examination  does  not  reveal  any  sensible  decrease  in  the  amount  ol 
hemoglobin. 

The  effect  of  tropical  light  on  man  has  been  made  the  subject  o: 
a  special  memoir  by  Woodruff,  who  points  out  that  all  over  the 
globe  the  people  who  live  nearer  the  poles  are  blonder  than  those 
residing  near  the  Equator.  He  thinks  that  insufficient  pigmenta 
tion,  by  permitting  the  penetration  of  the  chemical  rays,  conduces 
to  the  increased  activity  of  the  mind  and  vigour  in  the  muscles 
which  is  found  in  new-comers  in  the  tropics.  This  condition  oJ 
excitation  causes  them  to  overdo  themselves  sooner  or  later,  anci  so 
to  produce  a  feeling  of  exhaustion  which  he  describes  as  tropical 
exhaustion. 
He  further  considers  that  white  men  cannot  become  acclimatized 
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in  the  tropics,  and  also  that  they  should  be  protected  by  clothing 
opaque  to  the  blue  and  ultra-violet  rays.  For  this  purpose  he  says 
that  the  outer  clothing  should  be  white,  grey,  or  yellow,  because 
heat  will  be  least  absorbed  by  these  colours,  while  the  underclothing 
should  be  black  or  yellow,  to  stop  the  ultra-violet  rays.  For  office- 
workers  and  others  not  exposed  to  the  direct  sun  rays  he  advises 
h)lack  or  dark  blue,  but  he  states  that  it  is  not  known  whether 
blue  or  black  excludes  the  ultra-violet  rays. 

He  also  strongly  advises  opaque  head-gear,  as  he  says  it  is  sur- 
prising how  transparent  the  scalp  and  skull  are  to  light  rays,  and 
that  it  is  certain  that  the  ultra-violet  rays  pass  through  them. 

He  points  out  the  nuisance  of  the  glare  from  houses  painted  white 
in  the  tropics,  and  mentions  the  better  colours  of  green,  dark  yellow, 
and  brown.  The  gradual  disappearance  of  the  white  buildings  in 
the  business  part  of  Colombo,  and  the  appearance  of  new  buildings 
coloured  brown,  indicates  the  correctness  of  his  views. 

While  it  is  not  possible  to  agree  with  all  or  even  with  many  of 
Woodruff's  statements,  there  is  no  doubt  whatever  that  there  is  a 
great  general  truth  in  what  he  says,  though  many  of  the  matters 
upon  which  he  touches  are  purely  speculative.  On  the  other  hand, 
there  is  most  urgent  need  for  protection  from  sunlight  both  as 
regards  the  eyes  and  the  whole  body.  There  is  not  the  slightest 
doubt  that  the  pigmentation  of  native  races  is  protective,  and  that 
the  older  theories  of  Waltz  that  carbon  was  deposited  in  the  tissues 
owing  to  imperfect  oxidation  due  to  heat,  and  that  of  Darwin  that 
it  was  due  to  a  survival  of  those  best  fitted  to  withstand  tropical 
disease — for  he  believed  that  pigmentation  prevented  the  Native 
from  being  attacked  by  the  fatal  miasmata  of  the  country — cannot 
now  be  seriously  considered. 

As  to  the  origin  of  the  pigment,  this  question  must  be  considered 
as  far  from  settled.  There  are  two  possible  sources  for  the  melanin 
— viz.  : 

(a)  The  haemoglobin  of  the  blood. 

(b)  The  cells  of  the  epidermis. 

{a)  The  Hamoglobin. — ^This  theory  suggests  that  haemoglobin  is 
altered  into  melanin  either  in  the  blood-stream,  in  the  connective- 
tissue  cells,  or  in  special  melanoblasts,  which  by  amoeboid  movement 
take  the  pigment  to  the  epidermis. 

(b)  The  Cells  of  the  Epidermis. — This  theory  states  that  melanin 
is  manufactured  in  situ  by  the  epithehal  cells,  and  is  not  derived 
from  haemoglobin,  and  in  view  of  the  histology  given  above  this 
appears  to  be  probably  the  correct  solution  of  the  problem. 

Melanosis,  which  varies  from  mere  freckles  through  the  diffuse 
yellow  and  brown  pigmentation  to  the  jet-black  of  the  African 
negro's  skin,  is  caused  by  melanin  granules  lying  in  and  between 
the  cells  of  the  epidermis. 

With  regard  to  the  pigmentation  of  different  races,  it  must  be 
remembered  that  it  is  only  absent  in  albinos,  and  that  it  occurs  in 
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the  epidermis  of  the  areola  and  mammillae  of  the  breast,  the  scrotum, 
labia  majora,  and  around  the  anus  in  white  races,  being  contained 
chiefly  in  the  large  basal  cells  of  the  malpighian  layer,  and  to  much 
less  extent  in  the  more  superficial  layers,  and  the  connective-tissue 
cells  of  the  papillary  layer  of  the  corium.  In  negroes  the  pigmenta- 
tion is  deeper  and  more  diffusely  spread  in  the  epidermis. 

(2)  Vascular  Modification. — Associated  with  pigmentation 
there  is  said  to  be  a  persistent  dilatation  of  the  vessels  and 
capillaries  of  the  skin,  and  it  is  stated  that  hair  and  nails  grow  more 
rapidly  in  the  tropics  than  in  the  Temperate  Zone. 

Light  in  general  is  beheved  to  have  an  effect  upon  the  blood, 
which  absorbs  the  violet  and  ultra-violet  rays,  and  the  red 
corpuscles  under  these  influences  probably  absorb  more  oxygen. 

(3)  Disease. — With  regard  to  disease,  there  appears  to  be  no 
reason  to  doubt  that  the  irritating  effect  of  light  has  at  least  a  part 
in  the  aetiology  of  Kaposi's  disease  [Xeroderma  pigmentosum). 

We  have  met  with  this  condition  in  the  tropics,  where  it  would 
naturally  develop  rapidly  in  children  prone  to  the  disease. 

There  is  also  no  doubt  that  these  rays  are  productive  of  the 
erythema  of  pellagra,  as  will  be  described  later  on,  and  they  may  have 
some  effect  in  producing  sunstroke. 

Woodruff  draws  attention  to  the  almost  universal  neurasthenia 
of  white  men  in  the  tropics,  among  whom  he  says  insanity  is  more 
common  than^  in  Temperate  Zones.  In  support  of  the  latter  state- 
ment, he  asserts  that  the  insanity  rate  in  the  Philippine  Army  in 
1901  was  2-62  per  mille,  while  in  the  United  States  from  1889-98  it 
was  I"I3  ;  but  he  remarks  that  the  diagnosis  was  not  confirmed  on 
the  arrival  of  several  of  the  Philippine  soldiers  in  the  United  States, 
as  they  recovered  en  route.  He  draws  attention  to  the  loss  of 
memory  in  the  tropics  [tropical  amnesia),  a  condition  which  is  very 
prevalent  on  the  West  Coast  of  Africa,  being  often  called  '  coast 
memory.'  He  also  mentions  the  midday  siesta  as  useful  in  pre- 
venting this  neurasthenia,  and  in  this  he  is  also  probably  correct, 
especially  for  ladies.  Ordinary  officials  and  business  men,  however, 
cannot  afford  to  rest  in  the  middle  of  the  day. 


ACCLIMATIZATION. 

Plehn  seems  to  have  been  the  first  careful  observer  to  clearly 
prove  that  the  changes  induced  in  the  new-comer  as  he  enters  the 
tropics  in  due  course  disappear,  and  his  orga,ns  becoming  accus- 
tomed to  the  new  work  demanded  from  them,  he  virtually  returns 
to  the  same  condition  of  temperature,  respiration,  etc.,  as  in  the 
Temperate  Zone — in  other  words,  becomes  acclimatized,  though  his 
organs  are  working  quite  differently,  as  has  already  been  explained. 
Further,  if  constantly  exposed  to  the  sun|s  rays,  his  skin  is  apt  to 
become  more  pigmented  than  normal,  and  to  afford  a  certain  degree 
of  protection  against  its  rays. 
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We  are,  therefore,  of  the  opinion  that  if,  as  Sambon  pointeS  out 
long  ago,  proper  sanitary  and  other  measures  against  disease  were 
introduced  into  the  tropics,  and  if  care  were  taken  with  regard  to 
food,  drink,  excessive  heat,  and  the  rays  of  the  sun,  there  is  no 
reason  why  the  European  should  not  live  healthily  in  these  regions. 

We  are  supported  in  our  belief  by  the  extraordinary  success  of 
the  American  sanitarians  in  the  canal  zone  of  Central  America, 
once  one  of  the  most  unhealthy  regions  of  the  world,  but  where  now 
the  sickness-rate  has  been  diminished  to  less  than  half  that  of  the 
death-rate  of  many  a  tropical  town.  We  feel  that  the  basis  of  the 
lai-gest  proportion  of  illness  and  death  in  the  tropics  is  bad  sanitation, 
and  not  climatic  influences.  Notwithstanding  these  facts,  a.  per- 
manent colonization  of  the  low-lying  regions  of  the  tropics  by  a 
white  race  is,  in  our  opinion,  not  possible,  as  the  climate  greatly 
deteriorates  the  physique  of  the  children. 


PROPHYLAXIS. 

An  attempt  has  been  made  in  the  foregoing  sections  to  impress 
the  reader  with  the  importance  of  the  heat  and  the  light  rays  in  the 
tropics.  It  now  remains  to  suggest  easily  applicable  methods  of 
prophylaxis  to  diminish  these  evil  effects. 

The  remedies  are  : — 

1.  Protection  for  the  head,  spine,  and  eyes. 

2.  Suitable  clothing. 

3.  Suitable  houses,  offices,  etc. 

4.  Vegetation. 

5.  Suitable  roads. 

6.  Avoidance  of  the  midday  heat. 

7.  Avoidance  of  alcohol. 

1.  Suitable  Head-gear.  —  All  Europeans  should  wear  a  light 
helmet  or  topee  covered  with  white  or  khaki-coloured  cloth  ex- 
ternally and  ventilated.  This  helmet  should  have  a  broad  brim 
lined  with  green  and  prolonged  down  the  back  of  the  neck,  and 
should  be  lined  internally  with  red,  or  red  and  yellow,  or  black. 

When  persons  are  compelled  to  work  under  the  tropical  sun  and 
to  expose  their  backs  to  its  rays,  a  spinal  pad  of  yellow  and  red 
should  be  sewn  into  the  shirt.  Eyes  should  be  protected  with  dark 
glasses  with  side-pieces. 

Ladies  who  are  particular  about  the  skin  of  the  face  should  wear 
black  veils,  though  these  are  very  warm. 

The  reasons  of  these  requirements  are  that  white  reflects  heat 
very  well,  and  absorbs  very  little,  and  is  therefore  excellent  ex- 
ternally ;  but  it  transmits  the  chemical  rays,  while  red  and  yellow 
absorb  them. 

2.  Clothing.— Clothing  should  be  of  a  white  or  khaki  colour  ex- 
ternally, and  black  or  coloured  internally.     The  best  cloth  is  the 
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'  solaro  '  devised  by  Sambon,  which  is  khaki-coloured  externally 
and  red  internally. 

It  is  made  by  using  threads  of  yellow  and  blue  twisted  separately 
and  together  for  the  warp,  while  red  threads  are  used  for  the  weft, 
but  these  latter  are  brought  back  in  the  proportion  of  three  to  one, 
so  that  the  front  has  three  yellow  and  three  blue  threads  to  one  red 
thread,  thus  producing  the  khaki  colour. 

It  should  be  remembered  that  when  clothing  is  wet  it  is  a  good 
conductor. of  heat,  and  hence  the  risk  of  sitting  down  in  damp 
clothes.  Clothing  should  not  be  too  heavy,  nor  too  tight-fitting. 
Ladies  should  not  wear  too  heavy  skirts,  which  congest  the  pelvic 
viscera. 

A  silk  hat  and  frock-coat  have  still  to  be  worn  by  men  at  official 
functions  at  midday,  but  the  custom  is  unfortunate,  and  may 
perhaps  in  time  disappear. 

3.  Houses,  OfSces,  etc. — Buildings  should  never  be  painted  white 
or  blue,  but  should  be  of  a  dark  red  colour.  The  amount  of  light 
admitted  to  a  room  should  be  restricted,  and  care  should  be  taken 
that  reflection  from  the  ground  into  the  room  does  not  take  place. 
Deep  verandahsj  without  which  no  building  in  the  tropics  is  com- 
fortable, are  of  the  greatest  value  in  controlling  the  light,  as  are 
tatties  or  tats  made  of  grasses  and  wood,  and  jalousies. 

Rooms  should  be  capable  of  being  cooled  by  fans,  and  should 
be  lit  with  electric  light  whenever  possible.  Ice-blocks  are  very 
useful  in  very  warm  weather  or  at  meetings,  or  in  sick-rooms.  The 
walls  of  rooms  should  be  painted  rose-colour,  not  white. 

Damp  courses  are  required  in  the  tropics,  as  waUs  are  apt  to 
absorb  moisture  and  become  very  damp.  Round  roof-tiles  and 
ventilated  double  ceilings  are  necessary  to  keep  off  the  sun's  rays. 

4.  Vegetation. — Roads  should  be  protected  from  the  glare  of  the 
sun  by  sh(ade-trees — ^that  is  to  say,  trees  with  spreading  branches 
— while  plots  of  green  grass  are  most  valuable  in  towns. 

5.  Suitable  Roads. — ^There  is  not  the  slightest  doubt  that  red 
roads  are  the  most  comfortable  for  the  eye  and  soothing  to  the 
nervous  system,  and  that  white  roads  are  exceedingly  trying  to  both. 

6.  Avoidance  of  the  Midday  Heat. — If  possible,  travelling  and 
muscular  exertion  shor^ld  be  done  in  the  early  morning  or  late 
afternoon,  and  avoided  in  the  middle  of  the  day,  when  a  siesta  is 
most  beneficial.  The  absurd  habit  of  making  social  calls  at  12  noon 
in  certain  parts  of  the  tropics  should  be  discouraged,  and  a  more 
reasonable  hour  substituted. 

7.  Avoidance  of  Alcohol. — Alcohol  should  never  be  taken  before 
the  sun  goes  down,  for  it  unfits  the  individual  for  work,  and  is  the 
most  important  predisposing  cause  of  sunstroke. 
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CHAPTER  IV 
INCIDENCE  OF  DISEASE  IN  THE  TROPICS 

General  remarks — Ceylon — British  Guiana — Straits  Settlements — Jamaica 
— India — Egypt — Tropical  Africa — China  and  Japan — Conclusion. 

GENERAL  REMARKS. 

Before  beginning  the  systematic  study  of  tropical  diseases,  a  few 
remarks  upon  the  difference  in  the  incidence  of  disease  in  various 
tropical  countries  may  be  of  interest.  The  factors  which  cause 
this  difference  are  little  known,  and  probably  include  many  other 
matters  than  mere  climatology — e.g.,  sanitation,  the  habits  and 
customs  of  the  various  peoples,  and  heredity,  all  of  which  must 
play  no  inconsiderable  part  in  determining  the  presence  or  the 
preponderance  of  certain  diseases  in  given  places.  Therefore  it  is 
convenient,  at  as  early  a  stage  in  the  book  as  possible,  to  present 
to  the  reader  some  brief  statement  of  the  diseases  generally  met  with 
in  different  tropical  countries,  and  at  the  same  time  to  point  out 
their  incidence  upon  the  different  races  dwelling  therein. 

In  warm  climates  there  are  three  distinct  sets  of  human  beings  : 
firstly,  those  whose  native  habitat  is  a  temperate  or  cold 
climate  ;  these  are  classed  under  the  term  '  Europeans,'  including 
Americans,  Austrahans,  etc.,  or,  in  brief,  the  white  population: 
secondly,  those  who  are  natives  of  the  particular  climate  ;  and  if 
these  consist  of  more  than  one  race,  it  is  convenient  to  divide  them 
according  to  race :  thirdly,  the  descendants  from  a  mixture  of 
European  with  a  native  race,  such  as  Mulattos  in  Central  and  South 
America,  the  Eurasians  in  India,  and  the  Burghers  in  Ceylon. 

There  are  two  methods  of  tracing  susceptibility  to  disease — firstly, 
by  sickness,  and,  secondly,  by  death-rates. 

Any  inquiry  of  this  nature  is,  however,  extremely  unsatisfactory 
in  the  tropics,  because  disease  is  not  as  a  rule  diagnosed  by  a 
qualified  medical  practitioner  ;  and  because,  unless  care  is  taken, 
an  erroneous  diagnosis  may  easily  be  made  by  the  latter ;  e.g.,  even 
now  typhoid  fever,  liver  abscess,  kala-azar,  relapsing  fever,  tick 
fever,  trypanosomiasis,  glandular  fever,  undulating  fever,  agchylo- 
stomiasis,   phthisis,   empyema,  appendicitis,   and  heat-stroke,  are 
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often  diagnosed  as  malaria.  It  is  also  to  be^noted  that  in  the  official 
statistics  of  most  colonies  the  list  of  diseases  is  far  from  being 
complete.  Thus,  for  instance,  the  reader  will  fail  to  find  such 
terms  as  '  leuksemia,'  '  pseudo-leukaemia,'  and  even  '  elephantiasis  ' 
in  some  reports.  Then,  again,  such  a  common  disease  as  agchylosto- 
miasis  is  frequently  mistaken  for  something  quite  different.  There- 
fore the  sickness-rates,  which  are  difficult  to  get,  are  useless,  as, 
indeed,  are  death-rates  ;  in  other  words,  statistics  about  disease  in 
the  tropics  are  most  misleading.  But  with  this  understanding  some 
remarks  must  be  made  ;  for  though  the  figures  are  inaccurate,  still, 
it  is  hoped  that  they  will  not  continue  to  be  so,  but  will  slowly  and 
steadily  improve. 


CEYLON. 

The  infantile  mortality — i.e.,  the  proportion  which  the  deaths 
of  children  under  one  year  of  age  bear  to  a  thousand  births — is 
175  per  1,000  births  on  an  average,  for  the  period  1898-1904. 

This  mortality  affects  the  different  races  in  the  f cllowing  manner  : 


Europeans 
Sinhalese 

97 

■      157 

Burghers 
Tamils  . . 

•      195 
.      213 

Moors     .  . 

.      230 

Malays  . . 
Others   . . 

.      292 
296 

The  principal  causes,  in  official  statistics,  appear  under  the 
headings  of  infantile  convulsions  and  diarrhoea,  prematurity  and 
debility,  tetanus,  bronchitis,  and  pneumonia  ;  but  the  real  causes 
are  the  bad  condition  of  the  mother  before  the  birth  of  the  child, 
improper  and  bad  food,  and  lack  of  proper  care  of  the  child. 

The  crude  death-rate  of  Ceylon  for  the  period  1898-1904  is  27 '4 
per  1,000  inhabitants,  and  is  divided  racially — i.e.,  per  1,000  of  the 
racial  population — as  follows  : 


Tamils .  . 

-.     3i'i 

Moors   . . 

■  ■     29-3 

Malays . . 

..        28-1 

Sinhalese 

.  .      25-8 

Burghers 

22'0 

Others 

..        21-8 

Europeans 

..       2I-I 

Though  the  European  death-rate  is  apparently  low,  still,  it  is 
undoubtedly  high  when  it  is  considered  that  the  population  is,  on 
the  average,  of  an  age  on  which  death  falls  lightly  in  Europe ; 
and,  moreover,  many  of  them  have  been  medically  examined  before 
coming  to  the  colony. 

The  principal  causes  of  death  are  diarrhoea,  dysentery,  and  the 
various  kinds  of  fever,  among  which  simple  ill-defined  fever  stands 
highest.     When  this  is  considered,  a  strong  suspicion  is  felt  that 
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it  includes  a  great  many  cases  of  typhoid  and  paratyphoid,  which 
only  come  to  5-2  per  cent,  of  all  diseases,  while  simple  continued  is 
13-9  per  cent. 

So-called  infantile  convulsions  come  third,  and  probably  agchylo- 
stomiasis  ought  to  come  high,  because  the  figures  for  anaemia  and 
dropsy,  which  often  means  undiagnosed  agchylostomiasis,  when 
added  to  the  agchylostome  rate,  make  57  per  cent.  Malarial 
cachexia  is  often  diagnosed  when  the  true  cause  is  agchylostomiasis. 

Of  tubercular  diseases,  phthisis  appears  to  be  the  most  important, 
and  is  apparently  on  the  increase  in  the  Sinhalese. 

Cancer  exists  in  all  the  races  in  Ceylon.  Its  lethal  incidence, 
expressed  as  a  percentage  of  the  total  racial  deaths,  is  as  follows  : 


Europeans 

i'3 

Burghers 

0-7 

Sinhalese 

Tamils    . . 

Malays   .  . 

■  ■    }-0'2 

Others    .. 

Moors 

.  .       O'l 

The  deaths  of  women  in  childbirth  are  higher  than  in  Europe, 
and  the  principal  cause  is  puerperal  fever. 

Diabetes  is  a  prevalent  disease  among  the  better  classes  of  Natives 
— among  the  lawyers,  doctors,  and  merchants — but  not  in  the  lower 
classes. 

Malaria  in  all  forms  is  met  with,  but  it  is  not  a  great  cause  of  death, 
the  pernicious  form  not  being  common.  Simple  tertian  is  the  most 
common;  then  the  subtertian,  and  finally  the  quartan,  which  is 
the  rarest  of  the  three.  Under  the  term  '  malaria '  have  been 
placed  kala-azar,  leukaemia,  and  pseudo-leuksemia,  which  are  far 
from  being  uncommon. 

Insanity  is  relatively  much  less  than  in  England  and  Wales  or 
Ireland,  the  chief  form  being  mania.  It  is  notable  that  progressive 
paralysis,  locomotor  ataxia,  and  generally  the  parasyphilitic  diseases, 
are  extremely  rare,  though  syphilis  is  rampant  in  all  races. 

Leprosy  is  common,  but  alone  is  not  a  great  cause  of  death. 

Beri-beri,  although  probably  a  Sinhalese  word,  does  nqt  exist  in 
Ceylon,  though  a  few  imported  cases  die  every  year.  Formerly 
cases  were  wrongly  diagnosed,  the  disease  referred  to  being  really 
agchylostomiasis. 

The  principal  causes  of  death  in  the  different  races  are  shown  in 
the  table  on  p.  78,  which  explains  itself. ' 

Ceylon  has  been  rather  fully  dealt  with,  because  figures  are  avail- 
able which,  however  faulty,  show  to  a  certain  extent  the  suscepti- 
bility of  the  different  races  to  disease. 
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BRITISH  GUIANA. 

For  purposes  of  comparison  let  us  turn  to  quite  a  different  part  of 
the  world — viz.,  British  Guiana — where  the  infantile  mortality  for 
1905  is  187  per  1,000  births,  which  is  racially  divided  as  follows  : 


Chinese 

93 

Europeans   . . 
Aborigines   .  . 
Mixed  races 

..  115 
..  138 
..      161 

East  Indians 

. .      166 

Portuguese  . . 
Blacks 

..  215 
. .     220 

The  principal  causes  of  this  mortality  are  malaria,  undefined 
fever,  bowel  complaints,  anaemia,  debility,  marasmus,  premature 
biith,  bronchitis,  pneumonia,  and  convulsions.  But,  according  to 
the  Registrar-General,  the  great  cause  is  illegitimacy ;  for  the  father, 
by  refusing  to  support  his  offspring,  compels  the  mother  to  work 
for  her  living,  with  the  result  that  the  child  is  looked  after  by 
anyone. 

The  crude  death-rate  is  27-4  per  1,000  of  the  population  for  1905, 
the  mean  for  the  previous  five  years  being  26-9. 

The  racial  death-rates  were  : 


Mixed  races 

19-8 

Europeans 

.  .       2I-I 

East  Indians 

25-6 

Native  blacks 

. .     29-2 

Portuguese 

3i'9 

Chinese 

36-3 

Aborigines 

Si-9 

Africans 

677 

The  princijJal  causes  of  death  appear  to  be  :  simple  fever,  con- 
vulsions, pneumonia,  phthisis.  Bright 's  disease,  malaria,  diarrhoea, 
dysentery,  and  bronchitis.  Agchylostomiasis  seems  to  have  very 
little  lethal  effect,  according  to  the  figures.  Cancer  caused  only  59, 
typhoid  only  4,  liver  abscess  only  9  deaths  out  of  a  total  of  8,314. 
Leprosy  was  responsible  for  69  cases. 


STRAITS  SETTLEMENTS, 

Turning  now  to  the  Straits  Settlements :  the  infantile  mortality, 
after  deducting  immigrant  deaths,  is  256-39  per  1,000  births  in 
1905,  and  is  racially  classified  as  follows  : 


Europeans 

■  •      57-32 

Other  nationalities 

. .   224-07 

Malays 

. .   229-78 

Indians      .  . 

..   278-72 

Chinese 

..    302-03 

Eurasians .  . 

..    307-69 
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The  general  death-rate  of  40-51  per  1,000  inhabitants  is  racially 
as  follows  : 


Europeans 

.  .      2073 

Eurasians 

.  .      30-92 

Mal£|,ys 

•  •      34'33 

Chinese 

.  .     44-08 

Others 

. .     46-63 

Indians 

•  •     46-93 

The  greatest  number  of  deaths  occurs  in  May,  June  and  July, 
and  between  the  ages  twenty-five  to  thirty-five  years. 

The  total  deaths  were  34,463,  of  which  phthisis  accounted  for 
3,015  (against  2,534  for  1904) ;  beri-beri,  1,888  (2,287  in  1904) ; 
unclassed  fever,  1,241 ;  dysentery,  374  ;  claolera,  20  ;  malaria,  761 ; 
cancer,  56 ;  anaemia,  43 ;  sprue,  4 ;  dropsy,  50 ;  parasites,  15. 

It  will  thus  be  seen  that  phthisis  and  beri-beri  are  potent  causes  of 
death  in  the  Straits  Settlements. 


JAMAICA. 

Turning  next  to  Jamaica,  the  death-rate  in  1906  was  21-9  per 
1,000  inhabitants,  while  the  infantile  deaths  amounted  to  29-2  per 
cent,  of  the  total  deaths. 

The  principal  causes  of  the  crude  general  death-rate  were  fevers, 
phthisis,  convulsions,  ^influenza,  malaria,  dropsy,  and  parasitic 
disease. 

INDIA. 

In  the  Bombay  Presidency  the  infantile  mortality  in  native  races  is 

220-08  in  males,  and  21907  in  females  per  1,000  births.    In  Bombay 

City  the  ratios  were  557-24  and  569-66,  but  it  is  stated  that  these 

ratios  are  very  fallacious. 

The  racial  death-rates  are  : 

1905.  J906. 

Europeans  . .  .  .  . .      14-36  i4'4i 

Eurasians  . .  .  .  . .      20-89  26-99 

Natives     ..  ..  ..  ..      31-84  41-39 

The  year  1905  seems  to  have  been  unusually  healthy ;  only  588,394 
natives  died,  as  compared  with  1,318,783  in  1900. 

The  principal  cause  of  death  was  plague,  which  accounted  fo'r 
71,363,  or  12-13  per  cent.,  in  1905,  as  compared  with  223,957,  or 
29-28  per  cent.,  in  1904. 

The  plague  deaths  in  Bombay  for  the  ten  years  1896-1905  are  as 
follows  : — 

1896 
1897 


1898 
1899 
1900 
1901 
1902 
Hj03 
1904 
1905 


Total 


2,086 

46,944 

86,191' 

96,596 

33.196 

128,259 

184,752 

.  281,(269 

•  223,957 

•  71. 563 

1,154.613 


INDIA 


8i 


The  population  in  1901  being — 


European  (exclusive  of  cantonments) 

Eurasian     . . 

Native 


18,804 

6,557 

18,481,362 


the  above  figures  will  give  the  reader  some  idea  of  the  mortality 
caused  by  the  plague  in  India. 
The  next  important  cause  of  death  is  cholera 


1896 

1897 
1898 
1899 
1900 
1 901 
1902 
1903 
1904 
1905 


35,404 

57.109 

4.368 

8,579 

163,889 

13,600 
3,229 
1,825 

13.156 
5,396 


The  general  term  '  fever  '  causes  a  mean  of  310,420  deaths  in  the 
six  years  1900-1905  ;  most  of  this  is  supposed  to  be  malaria. 

The  simplest  way  to  show  the  Bombay  death-rate  is  in  the  ratio 
per  1,000  inhabitants  : 


Cholera 

Smallpox 

Plague 

Fevers 

Dysentery  and  diarrhcEa 

Injuries 

Other  causes 

Total      . 

2-11 
0-26 
9-18 

1 7 '43 
4-90 
0-39 

12-12 

46-39 

Respiratory  disease  in  1904  caused  3 '22,  and  in  1905  2 '95,  deaths 
per  1,000  of  the  population. 

The  Bombay  death-rate  indicates  clearly  the  incidence  of  cholera, 
plague,  and  fevers.  In  many  parts  of  India — e.g.,  Madras — kala-azar 
is  an  important  death-producing  factor.  In  Calcutta,  phthisis  is 
causing  some  apprehension  by  its  increase.  The  importance  of 
snake-bite  as  a  cause  of  death  is  marked  in  India.  Relapsing  fever 
is  also  known. 


EGYPT, 

Egypt  is  interesting,  because  its  diseases  have  been  for  many 
years  carefully  studied  by  competent  observers.  Typhus,  Medi- 
terranean fever,  infectious  jaundice,  glandular  fever,  plague, 
bilharziosis,  agchylostomiasis,  pellagra,  and  relapsing  fever  may  be 
noted  among  its  diseases. 

The  death-rate  for  the  period  1901-06  is,  on  an  average,  34-7  per 
1,000  Egyptian  inhabitants,  and  of  these  deaths  no  less  than  64-8 
per  cent,  take  place  under  the  age  of  ten  years,  and  514  per  cent, 
under  the  age  of  two  years. 
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The  principal  causes  of  death  are  :  dysentery  and  diarrhoea, 
congenital  and  seijile  debility,  tuberculosis,  infectious  diseases, 
and  violence. 

TROPICAL  AFRICA. 

The  West  Coast  of  Africa  has  a  high  rate  of  mortahty  from 
malaria,  and  here  the  pernicious  forms  are  not  uncommon. 
Black- water  fever  is  also  a  cause  of  death.  The  Guinea-worm 
is  a  very  common  cause  of  sickness. 

In  Uganda,  the  Congo,  and  the  regions  of  British  and  German 
East  Africa,  trypanosomiasis  abounds,  and  causes  high  death-rates. 

Tick  fever,  apparently,  is  not  a  great  death-producing  disease. 


CHINA  AND  JAPAN. 

China  and  Japan  and  the  neighbouring  islands  appear  to  be 
endemic  areas  for  trematode  diseases,  as  well  as  for  beri-beri. 


CONCLUSION. 

It  will  thus  be  seen  that  disease  appears  differently  in  various 
tropical  climates,  but  the  geographical  distribution  will  not  be 
further  considered  here,  but  will  be  described  for  each  disease  sepa- 
rately. 

The  questions  which  the  reader  should  try  to  solve,  when  working 
in  a  tropical  country,  are  these  : — 

1.  What  are  the  principal  causes  of  death  in  the  country  ? 

2.  Are  they  properly  diagnosed,  or  are  important  and  well-known 
diseases  being  missed  ? 

3.  Are  there  diseases  which  as  yet  have  not  been  recognized  ? 
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SECTION  A 
PHYSICAL  CAUSES  OF  DISEASE 

CHAPTER  V 

THE  PATHOLOGICAL  EFFECTS  OF  HIGH 
AIR  TEMPERATURES 

General  Remarks — Thermic  fever — Heat  syncope. 

GENERAL  REMARKS. 

The  most  important  physical  cause  of  disease  in  the  tropics  is  hig 
atmospheric  temperature.  A  good  method  of  studying  its  effect 
is  by  making  observations  in  the  hottest  portions  of  the  engine 
room  of  a  steamer  in  the  tropics,  especially  in  the  Red  Sea. 

The  air  of  the  engine-room  is  laden  with  aqueous  vapour,  an^ 
certain  corners  can  be  found  where  there  is  no  draught,  and  there 
fore  the  conditions  are  analogous  to  those  under  which  Haldan 
performed  his  experiments. 

If  a  person,  lightly  clad  and  in  good  health,  places  himself  i 
such  a  corner,  with  a  clinical  thermometer  in  his  mouth,  it  will  b 
found  that  at  first  he  begins  to  sweat  violently,  and  for  a  tim 
remains  at  a  normal  temperature.  But  in  due  course  his  tempera 
ture  wUl  gradually  rise  and  his  pulse-rate  increase,  until  temperature 
of  over  103°  F.  are  reached,  and  the  person  breaks  off  the  experi 
ment  because  he  feels  uncomfortable,  after  which  his  temperatur 
slowly  returns  to  normal. 

We  have  performed  this  simple  experiment  several  times,  but  oi 
one  occasion,  in  a  person  who  was  not  in  very  good  health,  th 
temperature,  after  reaching  ioi°  F.,  ceased  to  rise  ;  the  skin  becam 
cooler,  the  tension  of  the  pulse  altered  remarkably,  and  he  begai 
to  look  ill.  The  experiment  was  quickly  stopped  and  stimulant 
administered,  so  that  he  did  not  suffer  any  serious  effects,  thougl 
it  was  some  hours  before  he  felt  quite  right. 

These  two  experiments  show  that  a  high  atmospheric  temperatur 
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can  act  in  two  ways.  In  the  first  there  was  a  gradual  rise  of  the 
body  temperature,  which,  if  continued  long  enough,  would  probably 
have  resulted  in  hyperpyrexia.  In  the  second,  after  an  initial  rise, 
the  heart  became  embarrassed,  and  if  the  heat  had  been  continued, 
there  appears  no  reason  to  doubt  that  this  person  would  have 
passed  into  a  condition  of  syncope. 

There  are,  therefore,  two  distinct  clinical  entities  to  be  considered 
— viz.,  thermic  fever,  characterized  by  high  bodily  temperature ; 
and  heat  syncope,  in  which  there  are  symptoms  due  to  cardiac 
failure  but  no  fever — both  of  which  are  brought  about  by  the  same 
cause — viz.,  high  atmospheric  temperatures. 

Both  of  these  clinical  conditions  in  our  experience  may  also  be 
caused  by  rays  coming  directly  from  the  sun. 

The  earliest  experiments,  with  a  view  to  ascertaining  definitely 
whether  there  is  such  a  condition,  were  those  by  Scaghosi  on  rabbits 
exposed  to  the  Sicilian  sun.  Their  temperature  rose  considerably, 
and  if  the  experiment  was  continued  long  enough  they  died,  but 
if  it  was  stopped  they  recovered.  The  post-mortem  changes  were 
hyperaemia  of  the  meninges,  heart,  lungs,  liver,  and  spleen.  The 
nerve  cells  of  the  brain  and  spinal  cord  showed  coagulative 
necrosis  and  chromatolysis. 

The  next  experiments  of  importance  on  the  aetiology  of  this  con- 
dition are  those  of  MoUer  on  rabbits,  who  showed  that  thermal  rays, 
with  or  without  chemical  rays,  if  directed  on  to  the  skin  covering  the 
skull,  produced  more  or  less  intense  cerebral  disturbance,  and  some- 
times even  sudden  death.  The  autopsy  after  intense  irradiation 
showed  the  skin  of  the  head  much  swollen  and  bloody,  with 
gelatinous  exudation  in  the  subcutaneous  tissue.  The  periosteum, 
cranial  bones,  and  dura  were  discoloured,  and  covered  with 
ecchymoses.  The  vessels  of  the  brain  surface  were  much  dilated, 
and  showed  numerous,  and  in  part  confluent,  ecchymoses. 

We  have  performed  a  few  experiments  on  rabbits,  which  show  that  if  such 
an  animal  with  its  head  shaven  is  exposed  to  the  sun  in  Colombo  about  twelve 
noon,  it  dies  with  all  the  symptoms  and  post-mortem  appearances  of  sun- 
stroke in  about  sixty-seven  minutes  ;  whereas  another  rabbit  similarly  treated, 
but  protected  by  red  glass,  lives.  The  ultra-violet  rays  seem  to  have  no 
effect,  and  it  would  appear  as  though  the  active  rays  were  in  the  visible  blue 
and  violet. 

It  seems,  therefore,  possible  that  direct  sunlight  can  bring  about 
(i)  sudden  death,  and  (2)  congestion  of  the  meninges  of  the  brain. 

The  connection  between  sunstroke  and  the  chemical  rays  has 
been  ably  brought  forward  by  Duncan  and  others,  but  the  whole 
subject  requires  more  investigation.  There  is,  however,  no  doubt 
that  if  the  head,  improperly  protected,  is  exposed  to  the  sun,  there 
is  often  headache  and  a  feeling  of  illness,  and  therefore  adequate 
protection  is  most  necessary. 

Sambon  thinks  that  an  acute  specific  fever  which  he  calls  '  siri- 
asis  '  is  being  confounded  with  heat-stroke,  and  this  is  possible ; 
but  we  have  not  met  with  the  condition. 
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Such  are  our  views ;  but  it  is  as  well  for  the  reader  to  be  ac 
quainted  vvith  those  of  other  authors,  which  may  be  briefly  statei 
in  a  historical  account  as  follows  : 

High  air  temperatures,  whether  in  the  day-time  or  at  night,  have  been  know! 
since  ancient  times  to  have  an  effect  upon  human  beings.  The  case  of  th 
child  of  the  Shunamite  woman  described  in  the  EngUsh  Bible  in  2  Kings  iv, 
from  verse  18  onwards,  is  probably  the  earliest  on  record.  The  child  com 
plained  to  his  father  of  his  head  when  out  with  the  reapers,  and  was  carriee 
to  his  mother,  and  is  reported  to  have  died  at  twelve  noon — became  insensibli 
— but  recovered  under  Elisha's  treatment,  which  appears  to  have  been  of  thi 
nature  of  massage.  This  treatment  reminds  one  strongly  of  the  activi 
friction  by  which  the  miners  of  the  Comstock  Silver  Mines  of  Nevada  are  salt 
to  successfully  treat  those  of  their  fellows  who  faint  when  coming  out  of  th( 
warm  mine  in  whicli  the  hot,  steamy  air  has  a  temperature  of  128°  F. 

It  has  been  said  that  though  old  writers  such  as  Dio  Cassius  described  thesi 
conditions,  the  medical  writers  of  ancient  times  were  silent  about  them 
This  does  not  seem  to  be  quite  just,  for  Paulus  iEgineta,  Oribasius,  and  th( 
Arabians  certainly  understood  that  there  were  head  symptoms  which  the] 
called  'siriasis'  (after  Sirius,  the  dog-star),  due  to  excessive  heat.  Certainh 
this  knowledge  was  lost,  and  Cardamus,  in  the  sixteenth  century,  describel 
symptoms  due  to  morbus  attonitus  (apoplexy)  brought  about  by  the  heat  anc 
drought  of  the  summer  of  1543  in  Florence.  After  this  for  a  long  time  thi 
disease  was  considered  to  be  an  apoplexy  till  Boerhaave,  early  in  thi 
eighteenth  century,  introduced  the  name  '  insolatio,'  and  considered  it  to  b( 
a  phrenitis — i.e.,  meningitis. 

Steinkiihl  (18 19)  thought  that  the  congestion  of  the  lungs  caused  death  bj 
asphyxia  ;  Swift  (1854)  that  it  was  due  to  exhaustion  produced  by  fatigue 
Hill  (1857)  evidently  confounded  pernicious  malaria  and  heat-stroke.  Levied 
(1859)  suggested  that  it  was  an  acute  specific  fever  ;  H.  C.  Wood  (1863)  con 
sidered  that  it  was  due  to  a  poison  developed  in  the  blood,  and  called  i1 
thermic  fever  ;  while  Stiles  (1864)  performed  experiments  on  animals,  anc 
concluded  that  the  disease  was  due  to  the  direct  effect  of  heat  on  the  rausculai 
system. 

In  1869  Eulenberg  and  Vohl  stated  that  the  disease  was  due  to  sudden 
liberation  of  the  gases  in  the  blood  ;  and  Weikard  and  Richardson  attributec 
it  to  clotting  of  blood  in  the  vessels. 

In  1870  Vallin  performed  several  experiments  by  locally  heating  parts  ol 
the  body,  and  concluded  that  there  were  two  conditions  :  ( i )  sthenic  insolation, 
due  to  coagulation  of  the  muscle  fibres  of  the  left  ventricle ;  (2)  asthenic 
insolation,  due  to  the  action  of  heat  on  the  nerve  centres  of  the  brain,  thus 
disturbing  the  innervation  of  the  heart. 

In  1871  and  1872  Claude  Bernard  performed  some  experiments  which 
tended  to  show  that  when  a  warm-blooded  animal  died  as  the  result  of  heat, 
it  was  due  to  rigor  in  the  musculature  of  the  heart. 

In  1872  H.  C.  Wood  performed  experiments  which  showed  that  sunstroke 
could  be  produced  in  animals  as  readily  as  in  man  by  artificial  or  natural  heat. 
He  came  to  the  conclusion  that  death  took  place  from  asphyxia,  and  that 
after  death  the  rigidity  of  heart  and  muscles  was  due  to  the  coagulation  of 
the  myosin,  and  he  further  pointed  out  that  this  will  take  place  at  once  in  the 
heart  if  the  temperature  of  the  body  reaches  115°  F.,  and  said  that  he  con- 
sidered it  to  be  the  cause  of  sudden  deaths  in  soldiers  in  battle.  Further,  he 
pointed  out  that  the  heating  of  the  brain  of  a  mammal  to  108°  F.  produces 
insensibility  with  or  without  convulsions,  and  that  when  113'  F.  was  reached 
the  animal  died,  and  that,  though  the  general  symptoms  of  sunstroke  were 
absent,  the  nervous  symptoms  were  present.  He  came  to  the  conclusion  that 
no  capillary  thrombi  were  formed,  that  no  poisons  were  generated  in  the 
blood,  and  that  the  real  condition  was  the  heat  acting  upon  the  nervous 
system,  as  a  result  of  which  there  was  rapid  metabolism,  which  used  up 
oxygen  and  at  the  same  time  induced  brain  changes,  causing  asphyxia.  But 
he  distinguished  from  the  true  heat-stroke  : 
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I.  Acute  meningitis  or  phreuitis,  due  to  exposure  to  the  sun,  in  which  he 
disbelieved. 

?..  Heat  exhaustion,  due  to  working  in  a  heated  atmosphere,  which  he  said 
did  not  differ  from  acute  exhaustion  due  to  other  causes,  and  therefore  was 
not  true  sunstroke. 

In  1879  Jacubash  classified  heat  accidents  into:  (i)  sunstroke  due  to  the 
action  of  the  sun  on  the  body,  when  the  temperature  may  reach  113°  to 
115°  F.  (45°  to  46°  C.) ;  (2)  heat-stroke,  due  to  exertion,  and  often  seen  in 
marching  troops  in  the  Temperate  Zone ;  (3)  thermic  fever,  which  he  considered 
to  be  the  true  heat-stroke  of  the  tropics,  due  to  accumulation  of  heat  in  the 
human  body  in  consequence  of  high  atmospheric  temperatures  without  exposure 
to  the  sun  or  muscular  exercise. 

Dony  (1884)  considered  that  there  were  two  main  conditions  :  (i)  sunstroke, 
due  to  the  sun's  rays  acting  upon  the  cranium  and  brain,  only  without  very 
great  rise  of  temperature  ;  and  (2)  heat-stroke,  due  to  intense  heat  acting  on 
the  whole  body  and  after  certain  prodromes,  resulting  in  a  rapid  rise  of 
temperature  to  a  great  height. 

In  1893  Saquel  classified  the  diseases  into  (i)  sunstroke,  meaning  the  erythema 
due  to  the  sun's  rays  ;  and  (2)  insolation,  meaning  the  action  of  the  sun  on 
the  nervous  system,  producing  either  congestion  (mild  form  in  the  Temperate 
Zone)  or  meningitis  and  encephalitis  (severe  form  in  the  tropics)  ;  (3)  heat- 
stroke ;  and  (4)  thermopeliosis,  a  combination  of  insolation  and  heat-staroke. 

In  1898  Sambon  defined  heat  exhaustion  as  an  ordinary  syncope,  while  he 
considers  that  under  the  term  '  sunstroke  '  there  is  confounded  an  infections 
fever  which  he  calls  '  siriasis,'  due  to  some  micro-organism  as  yet  not  defined. 

In  the  period  1898-1907  Sir  Patrick  Manson,  in  his  book  on  tropical  diseases, 
recognizes  three  conditions  :  (i)  heat  exhaustion — sudden  cardiac  failure  or 
fainting,  brought  about  by  exposure  to  high  atmospheric  temperature ; 
(2)  siriasis,  an  acute  disease  developing  in  the  presence  of  high  atmospheric 
temperature,  and  characterized  by  sudden  incidence  of  hjrperpyrexia,  coma  ; 
and  (3)  sun  traumatism,  or  direct  action  of  the  sun's  rays  on  the  tissue,  causing 
either  sudden  death  or  a  febrile  condition. 

In  1905  Van  Brero,  in  Mense's  '  Handbuch  der  Tropenkrankheiten,'  recog- 
nizes (i)  heat  exhaustion,  due  to  excessive  heat  from  the  sun  or  other  source ; 
and  (2)  sun  traumatism,  caused  by  the  direct  action  of  the  sun's  rays. 

In  1907  Sir  Joseph  Fayrer,  in  AUbutt  and  RoUeston's  '  System,'  recognizes 
(i)  a  state  of  exhaustion  leading  to  syncope,  and  (2)  an  overheating  of  the 
nervous  centres,  blood,  and  tissues,  leading  to  thermic  fever. 

In  1908  Brook  defines  diathermasia  as  the  effect  of  heat  on  the  thermotaxic 
mechanism,  and  phoebism,  a  kind  of  shock  due  to  the  actinic  rays  from  the  sun. 

It  will  thus  be  seen  that  authorities  in  general  recognize  the 
action  of  heat  and  the  action  of  sun's  rays  as  being  separate,  and, 
further,  that  heat  may  produce  a  syncopal  condition  or  fever, 
while  the  sun's  rays  may  also  cause  syncope  and  fever.  Some 
few,  including  especially  Sambon,  suspect  the  presence  of  an 
acute  specific  fever  as  being  concealed  in  the  diseases  above  men- 
tioned. Others,  again,  consider  the  symptoms  to  be  toxic  in  origin, 
so  that  there  are  four  theories  :  (i)  caloric  ;  (2)  actinic  ;  (3)  microbic ; 
(4)  toxic.  Whatever  the  aetiology  may  be,  we  distinguish  two  clinical 
entities — viz.,  Thermic  Fever  and  Heat  Syncope. 

THERMIC  FEVER. 

Synonyms.— Heat-stroke,  sunstroke,  sun  traumatism,  insolation, 
siriasis  (not  Sambon's  siriasis),  coup  de  chaleur  (Fr.),  coup  de 
soleil  (Fr.),  Hitzschlag  (Ger.),  Sonnenstich  (Ger.),  colpo  di  sole  (Ital.). 
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Definition. — ^Thermic  fever  is  caused  by  a  high  air  temperature, 
especially  when  associated  with  marked  humidity,  and  is  charac- 
terized by  high  fever  and  often  extreme  pulmonary  congestion, 
convulsions,  coma,  and  death. 

This  is  the  form  of  sunstroke  and  heat-stroke  which  we  have 
commonly  met  with  in  the  tropics. 

Climatology. — ^The  tropics  are  the  principal  seat  of  the  complaint, 
and  of  these  India  appears  to  be  the  most  important,  and  in  it  the 
Punjab,  Sind,  and  the  North- West  Provinces  are  the  worst,  as  can 
be  judged  by  a  reference  to  their  climatology. 

In  Ceylon  sunstroke  is  said  to  be  much  less  common  than  in  India. 
Thus  in  1903,  according  to  Sir  Joseph  Fayrer,  in  statistics  given  to 
him  by  Surgeon-General  Sir  A.  Keogh,  there  were  303  cases  in  India 
among  the  European  troops,  with  53  deaths  ;  and  in  Ceylon  11,  with 
3  deaths,  the  total  for  the  British  Army  for  that  year  being  385  cases 
and  61  deaths. 

In  Asia  it  is  well  known  in  the  Red  Sea,  the  Persian  Gulf, 
Burma,  the  Straits  Settlements,  South  China,  and  Cochin  China. 
In  Africa  it  is  met  with  in  all  parts  of  the  tropical  region.  It  is 
common  in  Mauritius,  and  is  also  well  known  in  the  United  States, 
Canada,  Nova  Scotia,  New  Brunswick,  and  the  West  Indies.  In 
South  America  it  is  met  with  in  Guiana,  Brazil,  Peru,  and  the 
Argentine.  In  Australia  it  has  also  been  recognized,  and  in  Europe 
in  summer.  It  is,  of  course,  associated  with  the  warm  seasons  in  all 
countries,  and  with  either  very  high  air  temperatures  in  relatively 
dry  climates,  or  with  not  so  high  temperatures  if  there  is  much 
atmospheric  humidity. 

The  disease  stands  in  direct  relationship  to  heat-waves,  as  has 
been  pointed  out  by  Rogers  in  India — a  fact  well  known  in  temperate 
climates. 

etiology. — The  causation  of  the  disease  is  the  action  of  high  air 
temperatures  associated  with  a  high  relative  humidity  on  man, 
which^generally  act  during  the  day-time,  but  may  also  have  an 
effect  at  night. 

It  has  already  been  pointed  out  that  a  human  being  can — for  a 
short  time,  at  all  events — stand  a  very  considerable  amount  of  dry, 
but  not  moist,  heat.  The  heat  regulation  of  the  body  is  disturbed 
and  the  loss  of  heat  prevented  by  the  humidity  ;  consequently  the 
body  temperature  rises. 

Haldane's  experiments  have  shown  that  if  the  wet  bulb  thermo- 
meter rises  to  88°  F.  (31°  C.)  in  still  air,  or  to  93°  F.  (34-4°  C.)  in 
air  moving  at  the  rate  of  170  feet  (51  metres)  per  minute,  or  to 
78°  F.  (25-5°  C.)  with  leisurely  work,  some  pathological  effects  appear 
and  the  temperature  of  the  body  begins  to  rise.  It  is  of  interest  to 
note  that  the  temperature  of  the  body,  instead  of  rising  to  a  certain 
height  with  a  given  atmospheric  temperature  and  then  remaining 
stationary,  in  Haldane's  experiments  went  on  rising ;  and  in  some 
measure  this  corresponded  with  the  temperature  of  the  air. 
Thus,  with  reference  to  the  rectal  temperature,  which  is  the  best 
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indication  of  the  true  bodily  temperaturej  Haldane  found  that 
with  a  wet  bulb  at  89°  to  90°  F.  the  rise  was  1°  to  1-4°  F-  (0-5° 
to  075°  C.)  per  hour  ;  at  about  94°  F.  (34-4°  C.)  it  was  2°  F.  (i-i°  C.) 
per  hour  ;  at  98°  F.  (36-4°  C.)  it  was  about  4°  F.  (2-2°  C.)  per  hour. 

If  this  condition  can  be  induced  in  healthy  persons  at  rest  in 
England,  it  does  not  seem  impossible  or  improbable  that  lower  tem- 
peratures may  act  as  vigorously  or  more  vigorously  upon  Euro- 
peans in  the  tropics  or  elsewhere,  especially  if  living  under  conditions 
of  poor  bodily  health  and  bad  sanitation,  or  if  they  are  improperly 
clad  or  exhausted  mentally  or  physically. 

The  fact  that  new-comers  are  more  apt  to  suffer  than  old  residents 
has  been  put  on  an  experimental  basis  by  Rosenthal,  who  has  shown 
that  a  kind  of  active  immunity  to  heat  can  be  established  by  re- 
peated exposure  of  an  animal  to  a  temperature  lower  than  that  which 
would  have  been  fatal.  These  animals,  when  subsequently  exposed 
to  a  very  high  temperature,  do  show  symptoms,  but  they  are  less 
marked,  the  rise  in  temperature  is  not  so  high,  the  respirations 
and  the  pulse  not  so  accelerated,  and  the  general  distress  less. 

The  effect  of  clothing,  load,  and  exercise  has  been  calculated  by 
Zurtz  and  Schomberg,  who  estimate  that  a  resting  soldier  weighing 
70  kilogrammes  produces  from  1-2  to  i'3  calories  per  minute ;  and 
when  marching,  with  a  load  of  31  kilogrammes,  produces  773 
calories  per  minute,  which  will  raise  the  temperature  of  the  body 
1°  C.  in  87  minutes.  Under  ordinary  circumstances  the  soldier  is 
not  affected,  but  if  he  is  wearing  thick,  tight-fitting  uniform  (espe- 
cially in  the  old  days  of  stocks),  with  a  tight  belt  and  knapsack 
with  cross-belts,  and  is  at  the  same  time  marching  in  close  formation 
(when  the  air  must  certainly  be  impure  from  carbon  dioxide  and 
dust)  under  a  tropical  sun,  it  is  obvious  that,  especially  if  there  is 
a  fairly  high  relative  humidity  in  the  atmosphere,  he  cannot  get 
rid  of  this  heat,  and  there  is  bound  to  be  either  thermic  fever  or  heat 
syncope  in  a  certain  number  of  cases. 

Predisposing  Causes. — Thermic  fever  is,  if  anything,  more  common 
among  children  than  adults,  but  it  is  very  liable  to  be  mistaken  for 
other  diseases.  It  is  more  common  among  men  than  women,  owing 
to  the  greater  exposure  of  the  former.  Among  men  it  is  principally 
found  in  stokers,  and  in  soldiers  during  exhausting  marches.  Among 
soldiers  the  classical  instance  often  quoted  is  the  account  of  the 
march  of  the  43rd  Regiment  in  the  Indian  Mutiny  for  over  1,100 
miles,  mostly  across  the  plains  of  India,  in  the  hottest  weather. 

The  men  remained  quite  well  for  969  miles,  when  they  became 
exhausted,  and  even  emaciated ;  but  in  the  n3.rrow  Kowri  of  the 
Bisramgunge  Ghat,  when  the  temperature  in  the  tents  ranged  from 
115°  to  127°  F.  in  the  day,  and  on  one  occasion  was  105°  F.  at 
niidnight,  they  suffered  severely,  and  two  officers  and  eleven  men 
died  in  four  days,  and  later  on  seven  more  died  in  three  days. 

There  is  no  doubt  that  exhaustion  and  unsuitable  clothing  were 
formerly  the  great  causes  of  the  frequency  of  attacks  of  heat-stroke 
in  the  army. 
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Race  appears  to  have  a  certain  amount  of  effect,  for  it  is  more 
common  in  Europeans  than  in  negroes  or  East  Indians,  though  it  is 
met  with  in  all.  Previous  illness  is  a  great  predisposing  cause. 
Hot  winds  help  to  induce  this  condition ;  in  India  the  hot  wind 
'  loo  mama '  is  much  dreaded  by  the  natives.  Of  all  predisposing 
causes,  alcohol  is  probably  the  most  important. 

Pathology. — ^Turning  now  to  the  effects  of  a  raised  internal  tem- 
perature on  the  organs  of  a  man,  there  are  experiments  to  guide  us. 

Marinesco  has  shown  that  a  temperature  of  47°  C.  is  immediately 
fatal  to  animals,  while  a  temperature  of  45°  C.  kills  in  one  hour, 
and  one  of  43°  C.  after  a  longer  lapse  of  time,  the  essential  patho- 
logical change  being  chromatolysis  in  the  nerve  cells,  therefore  high 
bodily  temperature  may  cause  acute  serious  nerve-cell  changes. 

But  the  effect  of  high  internal  temperature  has  been  further  investi- 
gated by  Halliburton  and  Mott,  who  have  shown  that  a  temperature 
of  47°  C.  (117°  F.)  is  the  coagulation  temperature  of  neuroglobulin  ; 
while  Hewlett  had  previously  shown  that  egg-white  would  coagulate 
at  a  much  lower  temperature  than  usual  if  this  is  maintained  for 
some  time.  His  experiments  were  repeated  by  Halliburton  and  Mott 
on  cat's  brains,  and  they  found  that  at  42°  C.  (108°  F.)  the  neuro- 
globulin would  separate  out,  but  not  at  lower  temperatures.  Cat's 
brains  kept  at  42°  to  43°  C.  for  three  and  a  half  hours  showed 
chromatolysis  in  the  nerve  cells.  They  therefore  came  to  the 
conclusion  that  a  coagulation  necrosis  takes  place  in  the  nerve  cells, 
due  to  the  coagulation  of  the  cell  globulin,  and  that  when  this 
occurs  the  protoplasm  is  destroyed. 

Our  own  observations  entirely  agree  with  those  of  Marinesco, 
Mott,  and  Halliburton.  Fig.  12  shows  a  nerve  cell  in  a  condition 
of  coagulation  necrosis  with  disappearance  of  the  Nissl  bodies  from 
a  case  of  sunstroke  in  which  no  pathogenic  micro-organisms  could  be 
found  post  mortem.  It  appears  probable,  then,  that  the  seat  of 
the  lesion  of  thermic  fever  is  in  the  cells  of  the  cerebro-spinal  nervous 
system,  and  particularly  those  of  the' medulla. 

Morbid  Anatomy. — ^The  body  retains  a  high  temperature  for  some 
hours  after  death ;  rigor  mortis  comes  on  quickly,  and  passes  off 
quickly,  and  decomposition,  on  account  of  the  high  atmospheric  and 
body  temperatures,  sets  in.  Lividity  is  well  marked.  The  blood 
is  dark,  fluid,  and  acid.-  The  brain  and  membranes  are  congested, 
and  there  may  be  minute  haemorrhages  in  the  white  matter,  and 
marked  increase  of  fluid  under  the  membranes  and  in  the  ventricles. 
Microscopically,  the  minute  vessels,  especially  of  the  medulla,  are 
very  congested,  and  the  nerve  cells  show  coagulative  necrosis 
and  disappearance  of  the  Nissl  bodies,  together  with  a  swollen  and 
chromatolytic  condition  of  the  nucleus,  though  the  nucleolus  may 
remain  apparently  intact. 

The  organs  of  the  body  are  in  general  congested,  but  especially 
the  lungs,  which  appear  almost  black.  The  heart  is  often  in  a  state 
of  marked  rigor  mortis. 

Symptomatology. — Sometimes  the  symptoms  come  on  suddenly ; 
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but  more  frequently  there  are  prodromata.  The  patient  often 
complains  of  feeling  out  of  sorts  and  weak,  especially  in  the  legs, 
together  with  headache  and  drowsiness,  and  sometimes  of  nausea. 
Longmore  Jays  stress  on  a  frequent  desire  to  micturate  as  a 
prodromal,  sign  of  importance,  because,  as  mentioned  by  Simpson, 
perspiration  is  diminished  or  stopped,  and  the  bowels  are  consti- 
pated, while  the  urine  is  copious  and  limpid. 

Intolerance  of  light  and  chromatopsia — red,  yellow,  or  green  spots, 
with  suffusion  of  the  eyes — have  been  noted. 
^  -|The  attack  begins  with  a  sudden  sharp  rise  of  temperature  to 


Fig.  12. — Nerve  Cells  from  the  Medulla  of  a  Case  of  Heat-Stroke, 

SHOWING   ChrOMATOLYSIS. 

i04°-i07'-'-iio°  F.,  while  the  skin  becomes  dry,  burning,  and  flushed, 
with  occasionally  a  macular  eruption. 

The  patient  becomes  unconscious,  delirious,  or  comatose,  usually 
the  latter.  The  pupils  are  often  very  contracted.  The  respirations 
are  noisy  and  quick,  and  r^les  and  rhonchi  are  heard  on  ausculta- 
tion. The  pulse  is  rapid,  and  though  at  first  of  good  volume, 
soon  becomes  irregular,  intermittent,  and  thready.  The  urine  is 
scanty,  and  may  contain  albumin  and  casts.  The  motions  are 
passed  involuntarily. 

If  the  patient  is  going  to  die,  convulsions  appear,  and  the  skin 
becomes  cyanosed  and  clammy ;  the  respirations  become  slower    j 
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and  slower,  and  more  and  more  stertorous ;  the  pulse  weaker  and 
weaker,  until  the  patient  dies  of  asphyxia  after  an  illness  varying 
from  a  few  hours  to  a  day  or  so. 

If  recovery  is  to  take  place,  the  temperature  often  falls  rapidly 
by  crisis,  the  respirations  become  quieter,  the  pulse  slows,  there  is  a 
critical  discharge, of  urine,  and  the  patient  falls  asleep  to  awaken 
much  better. 

In  some  cases  the  course  of  the  fever  is  much  longer  (see  Fig.  13), 
lasting  eight  to  ten  days.  Possibly  this  is  due  to  secondary  infection 
with  intestinal  bacteria.  The  patient  remains  very  susceptible  to 
high  atmospheric  temperatures  for  a  long  time  after  recovery. 
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Fig.  13. — ^Temperature-Chart  of  a  Case  of  Heat -Stroke  in  a  Stoker 

WHILE    WORKING     IN    THE     EnGINE-ROOM    OF    A    StEAMER    IN     COLOMBO 

Harbour. 

Temperature  103°  F.  three  hours  after  the  onset. 

Diagnosis. — ^Thermic  fever  must  be  diagnosed  from  pernicious 
malaria  by  the  absence  of  parasites  in  the  blood ;  from  cerebro- 
spinal fever  by  the  absence  of  Kernig's  sign ;  and  absence  of 
contracture  of  the  muscles  of  the  neck.  The  high  temperature 
should  enable  it  to  be  differentiated  from  alcoholic  or  renal  coma, 
as  well  as  from  apoplexy  and  epilepsy  (in  both  of  which  the 
temperature  may  be  slightly  raised). 

Prognosis. — ^The  death-rate  varies,  as  a  rule,  between  15  per  cent. 
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Treatment.— Loosen  the  clothing  at  once,  and  remove  the  patient 
to  as  cool  a  place  as  can  be  found,  and  take  off  his  clothes,  and,  if 
possible,  lay  him  on  a  bed  covered  with  a  large  indiarubber  sheet, 
and  apply  an  ice-bag  to  the  head,  while  pieces  of  ice  are  fubbed 
over  the  body,  land  at  the  same  time  cold  sponging  is  carried  on. 
Also  give  large  enemata  of  iced  water. 

While  this  is  being  done,  friction  should  be  applied  to  the  parts;'; 
which  have  been  rubbed  with  ice,  in  order  to  promote  circulation; 
in  the  cooled  skin. 

If  there  is  no  ice,  wring  out  a  sheet  in  as  cold  water  as  can  be 
found,  and  allow  water  to  drip  on  the  patient  aU  over. 

In  places  where  no  cold  water  is  available,  the  ordinary  water 
can  be  chilled  by  dissolving  a  fair  quantity  of  salt  in  a  bath  of 
water,  squeezing  the  juice  of  some  Umes  into  this,  and  then  adding  a 
quantity  of  vinegar  and  a  little  eau-de-Cologne,  and  sponging  the 
patient  with  this  mixture. 

The  danger  in  cold  sponging  is  collapse ;  consequently  the 
temperature  must  be  carefully  watched,  and  when  it  falls  in  the 
rectum  to  about  ioi-6°  F.  sponging  must  be  stopped,  and  the  patient 
covered  up  with  blankets. 

If  the  temperature  comes  down  with  a  run  and  collapse  sets  in, 
treatment  must  be'  applied  as  described  under  Heat  Syncope.  The 
patient  must  in  any  case  be  carefully  watched,  and  ice,  cold  sponging, 
or  both,  must  be  resorted  to  again  and  again  tUl  the  temperature 
remains  down. 

If  the  fever  is  not  reduced  by  this  treatment,  and  the  pulse  is 
bounding,  the  body  cyanosed,  and  the  heart's  action  embarrassed, 
the  median  basilic  vein  may  be  opened  and  the  patient  freely  bled ; 
but  if  little  or  no  blood  comes,  then  an  intravenous  injection  of 
normal  saline  at  98-6°  F.  (37°  C.)  may  be  run  in. 

Antipyretics  are  useless,  as  is  also  quinine,  for  thermic  fever. 

If  the  breathing  stops,  it  is  advisable  to  try  artificial  respiration 
for  half  an  hour,  as  sometimes  good  results  have  ensued.  If  the 
heart  begins  to  fail,  hypodermics  of  strychnine  or  digitalin  may  be 
given.  If  convulsions  are  severe,  inhalations  of  chloroform  and 
oxygen  mixed  may  be  administered. 

When  the  temperature  is  reduced,  and  the  patient  is  conscious 
and  can  swallow,  a  dose  of  calomel  (gr.  iii.  to  v.),  followed  by  saline 
purgatives,  is  advantageous.  As  soon  as  urine  can  be  collected,  it 
must  be  carefuUy  examined  for  signs  of  renal  trouble,  which,  it 
present,  must  be  treated. 

Bromides  may  be  required  to  soothe  the  irritated  nervous  system, 
and  do  more  good  than  hypnotics  or  morphine. 

Food  must  at  first  consist  of  only  milk  with  barley-water,  or  toast- 
water,  and  be  given  in  small  quantities  and  often ;  but  as  con- 
valescence proceeds,  broths,  soups,  eggs,  milk-puddings,  etc.,  can 
be  added.  No  alcohol  on  any  account  must  be  given,  except  on  the 
advent  of  collapse. 

The  room  in  which  the  patient  is  lying  must  be  kept  as  cool  as 
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possible  by  punkahs,  and  large  blocks  of  ice  placed  in  baths,  and  it 
must  also  be  kept  dark — i.e.,  well  protected  from  the  sun's  rays, 
and  also  from  the  glare  of  electric  light. 

There  is  apt  to  be  great  intolerance  of  light  and  heat,  and  there- 
fore, after  thermic  fever  the  patient  should,  if  possible,  go  on  leave 
to  a  cool  climate. 

Prophylaxis. — Prophylaxis  consists  in  protecting  the  head  and 
eyes  from  the  sun,  in  wearing  proper  clothing,  in  living  in  dwellings 
and  offices  protected  against  the  sun  and  kept  as  cool  as  possible, 
as  described  in  the  preceding  chapter. 

Muscular  exertion  should  not  be  taken  in  the  heat  of  a  tropical 
day  if  it  can  be  avoided,  and  during  these  hours  alcohol  should  not 
be  touched. 

If  any  of  the  prodropiata  are  noticed,  the  person  should  be  put 
on  the  sick-list,  and  treated  as  though  he  were  Ul.  He  should  be 
kept  in  a  cool,  shaded  room  ;  the  bowels  should  be  freely  opened,  and 
cool  applications  applied  to  the  head.  The  diet  should  be  light, 
without  alcohol,  and,  when  better,  the  patient  should  be  extremely 
careful  not  to  expose  himself  in  any  way. 

HEAT  SYNCOPE. 

Synonyms. — Heat  exhaustion,  prostratio  thermica. 

Deflnition.^Heat  exhaustion  is  a  condition  of  syncope  brought 
about  by  the  action  of  high  air  temperatures,  especially  if  associated 
with  a  considerable  atmospheric  humidity,  upon   persons  whose 
bodily  health  or  conditions  are  abnormal. 
>  Climatology. — ^The  climatology  is  the  same  as  for  thermic  fever. 

etiology. — ^Two  distinct  factors  are  necessary  for  the  develop- 
ment of  this  condition  : 

1.  High  wet-bulb  temperatures. 

2.  Abnormal  bodily  health  or  conditions. 

The  first  factor  has  been  sufficiently  explained,  but  a  word  or  two 
about  the  second  is  necessary.  The  second  factor  consists  of  any 
organic  disease  or  chronic  alcoholism,  especially  the  latter,  which 
is  apt  to  cause  fatty  infiltration  and  degeneration  of  the  heart  wall, 
thus  allowing  dilatation  of  the  organ  under  the  stress  of  high  air 
temperature. 

This  second  factor  also  includes  unsuitable  clothing  and  too 
violent  exercise,  which  under  high  wet-bulb  temperatures  are  espe- 
cially liable  to  induce  syncope. 

But  alcohol  is  by  far  the  most  important  predisposing  cause,  and 
accounts  for  the  difference  in  mortaUty  of  expeditions  in  which 
■  soldiers  are  allowed  to  drink  it,  and  those  in  which  they  are  not. 

Morbid  Anatomy. — As  was  shown  bv  Peiffer  in  185 1,  the  heart 
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There  may  be  congestion  of  the  brain,  lungs,  and  other  viscera, 
generally  there  is  little  to  note. 

Symptomatology.— The  symptoms  begin  suddenly  by  the  pen 
feeling  very  giddy,  and  sometimes  sick  and  weak.  If  he  attem 
to  walk,  he  staggers,  and  may  fall.  He  is  pale,  his  pulse  small  a 
soft,  his  pupils  dilate,  and  his  skin  is  cold.  The  temperature 
subnormal,  or  there  may  be  a  transient  initial  rise,  and  there  m 
be  loss  of  consciousness,  but  this  does  not  always  take  place.  Thf 
is  often  considerable  pain  in  the  head. 

Generally  the  condition  is  quickly  recovered  from,  sometin 
after  a  little  sickness  or  fever,  but  at  times  it  deepens  into  unc( 
sciousness,  and  ends  in  coma  and  death. 

V"  -Treatment. — When  a  person  complains  of  feeling  faint,  lay  h 
flat  on  his  back  in  as  cool  a  place  as  can  be  found,  and  loosen  J 
clothing.  Dash  a  little  water  on  his  head,  face,  and  chest,  a 
give  him  a  little  brandy-and-water  or  sal  volatile,  if  he  can  swalloi 
but  if  he  cannot,  give  a  hypodermic  injection  of  strychnine  or 
ether  and  camphor.  As  soon  as  possible  wrap  the  patient 
blankets,  and  apply  hot  bottles  to  various  parts  of  the  body. 

Prophylaxis. — ^The  prophylaxis  is  the  same  as  for  thermic  fev( 
Giles  advises  nux  vomica  to  be  administered  before  hard  work 
the  sun. 
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SECTION  B 
CHEMICAL   CAUSES   OF  [DISEASE 

CHAPTER  VI 
TROPICAL    INTOXICATIONS 

Classification  of  poisons — Poisons  used  criminally  against  man — Poisons  taken 
accidentally  by  man — Poisons  used  criminally  against  cattle — Poisons 
used  in  trial  by  ordeal — Poisons  used  on  weapons — Poisons  used  in 
fishing  and  hunting — Poisonous  trades. 

CLASSIFICATION  OF  POISONS. 

The  intoxications  of  the  tropics  are  numerous,  and  it  is  only  possible 
in  this  work  to  give  a  very  brief  glance  at  the  more  important. 

These  poisons  may  be  classified  according  to  their  chemical 
nature,  but  this  is  perhaps  not  so  convenient  as  to  arrange  them, 
according  to  the  various  purposes  for  which  they  are  used,  into — 

I.  Poisons  used  criminally  against  man. 

3.  Poisons  taken  accidentally  by  man. 

3.  Poisons  used  criminally  against  cattle. 

4.  Poisons  used  in  trial  by  ordeal. 

5.  Poisons  used  on  weapons. 

6.  Poisons  used  in  fishing  and  hunting. 

7.  Poisonous  trades. 

8.  Poisonous  foods. 

The  first  seven  only  will  be  treated  in  this  chapter. 

I.  POISONS  USED  CRIMINALLY  AGAINST  MAN. 

The  poisons  used  criminally  against  man  are  very  numerous, 
some  of  them  being  still  but  little  known. 
The  medical  practitioner  should  be  on  the  alert  to  detect  cases 
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It  requires  a  highly  and  specially  trained  chemist,  with  a  good 
laboratory,  to  detect  some  of  the  tropical  vegetal  poisons.  Our 
experience  indicates  that  highly  trained  public  analysts  with  well- 
equipped  laboratories,  such  as  exist  in  Ceylon  and  some  parts  of  India, 
are  essentials  in  a  tropical  country  ;  for  they  are  useful,  not  merely  | 
for  criminal  investigations,  which  are  very  numerous  when  people's  i 
eyes  are  opened  to  the  danger,  but  also  for  studying  other  problems. 

Criminal  poisoning, 'according  to  Waddell,  is  three  or  four  times 
as  fiequent  in  India  as  in  England,  and  nineteen  times  more  preva- 
lent in  Calcutta  than  in  England.  With  the  general  statement  that 
poisoning  in  the  tropics  is  common  we  agree,  and  further,  we  are 
of  the  opinion  that  it  is  more  so  in  the  East  than  in  Africa,  the 
reason  being  that  in  Africa  only  the  fetish-man  is  able  to  present 
virulent  poisons  in  an  acceptable  form,  whereas  persons  with  an  ele- 
mentary knowledge  of  poisons  are  common  in  the  East.  It  is  true 
that  the  drug  mostly  used  for  poisoning  purposes  is  arsenic,  and 
probably  it  alone  in  the  East  causes  as  many  human  criminal  deaths 
as  all  the  organic  poisons  put  together  ;  but  these  latter  from  time  tp 
time  cause  inquiries,  and  are  by  no  means  uncommon.  The  poisom 
used  in  different  countries  vary  according  to  customs  or  traditions.. 

The  poisons  used  against  man  may  be  divided  into — A.  Inorganic 
Poisons,  and  B.  Organic  Poisons. 

A.  Inorganic  Poisons. 

The  most  common  inorganic  poisons  of  the  tropics  are  : 

1.  Arsenic  in  some  form. 

2.  Perchloride  of  mercury. 

3.  Mineral  acids. 

4.  Powdered  glass  (this  is  really  a  mechanical  irritant). 

Copper  salts  have  been  used  for  homicidal  purposes,  but  this  is 
unusual,  though  it  is  said  to  be  fairly  common  in  India,  while  acci- 
dental cases  from  using  copper  cooking-vessels  were  formerly  not 
infrequent  in  the  same  country.     Antimony  is  rarely  used. 

Powdered  glass,  though  a  mechanical  and  not  a  chemical  irritant, 
calls  for  some  remarks,  as  it  is  used  in  many  parts  of  the  tropics 
for  homicidal  and  suicidal  purposes,  being  an  irritant  poison.  The 
injury  caused  is,  of  course,  purely  mechanical,  and  the  more  finely 
it  is  powdered,  the  less  likely  it  is  to  cause  serious  injury,  owing 
to  mucus  surrounding  the  particles.  The  glass  is  administered  in 
food — e.g.,  bread,  spinach,  sweetmeats,  etc.  The  symptoms  are 
those  of  irritant  poisoning — retching,  violent  vomiting,  spasms, 
convulsions,  and  racking  pain.  The  most  evident  post-mortem 
feature  is  acute  gastritis.  The  mucosa  is  covered  with  a  layer  of 
thick  mucus,  under  which  it  is  found  to  be  hyperaemic  and  lacerated. 
In  this  mucus  or  on  the  mucosa  the  minute  pieces  of  glass  may  be 
found.  No  other  pathological  signs  need  be  present.  The  treat- 
ment is  to  administer  any  bulky  food  at  hand,  and  then,  if  vomiting 
has  ceased,  to  give  an  emetic,  and  finally  a  laxative. 
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B.  Organic  Poisons. 

The  poisonous  plants  of  the  tropics  belong  largely  to  the  natural 
orders  of  the  Apocynacese,  the  Loganiaceae,  Euphorbiaceffi,  Liliacese, 
and  Leguminosae. 

The  following  is  a  classification  of  the  most  important  according 
to  use  and  place : 

1.  Poisons  used  for  homicidal  purposes.* 

Aconitum.     Several  species   ^ 

Strychnos.     Several  species 

Gloriosa  superba  L. 

Cerbera  thevetia  L. 

Cerbera  odoUam  Gartn. 

Nerium  odorum  Soland. 

Jatropha  curcas  L. 

PauUinia  pinnata  L.  \  r      'i 

Thevetia  ahovai  D.  C.  /  ^'"^^i^- 

Milletia  seriacea  W.  :  Dutch  Indies. 

Barringtonia  speciosa  L.         \  p     ..    t„,_  ,„ 

Cerbera  lactaria  HamUt.         /  ^^"^^  Islands. 

Hyoscyamus  falezlez  Coss.     \ 

Oro  of  Sierra  Leone  (a  cactus)  I  West  Africa. 

Cleistanthus  collina  Benth.    J 

Melianthus    major    L.  ;     M.  \ 

comosus  ;    M.  minor ;    M.  I  South  Africa. 

aregeana  ;  Morea  collina    j 

2.  Poisons  used  for  suicidal  purposes. 

Opium,  Papaver  somniferum  L. 
Nerium  odorum  Sol. 
Gloriosa  superba  L. 

With  this  class  there  will  be  included   poisons  causing 
bodily  harm. 

3.  Poisons  used  for  purposes  of  infanticide. 

Opium,  Papaver  somniferum  L. 

Calotropis  procera  R.  Br. 

Tobacco  Nicotiana  tabacum  L.,  and  other  species. 

4.  Poisons  used  for  procuring  abortion. 

A  large  number  of  poisons  are  used,  some  of  which  will  be 
mentioned  later. 

3.  Poisons  used  to  stupefy  with  intent  to  rob. 
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6.  Poisons  used  to  simulate  injuries. 

Plumbago  rosea  L. 
Anacardium  occidentale  L. 

CEYLON  PLANTS. 

By  the  kindness  of  Mr.  Drieberg,  we  are  able  to  give  the  following 
list  of  Ceylon  plants  known  to  be  poisonous  to  men  and  cattle, 
but  not  commonly  used  against  man. 

1.  Ammannia  baccifera  L. 

2.  Anamirta  paniculata  (A.  cocculus)  W.  and  A. 

3.  Arissema  curvatum  Thw. 

4.  Chrozophora  plicata  A.  Jacs. 

5.  Croton  tiglium  L. 

6.  Diospyros  montana  Roxb. 

7.  Elseodendron  glaucum  Pers. 

8.  Euphorbia  tirucalli  L. 

9.  Exccjecaria  agallocha  L. 

10.  Datura  fastuosa  L. 

11.  Lagenaria  vulgaris  Ser. 

12.  Lasiosiphon  eriocephalus  Decne. 

13.  Lobelia  nicotiansefolia  Heyne. 

14.  Manihot  utilissima  Pohl. 

15.  Paspalum  scrobiculatum  L. 

16.  Plumbago  zeylanica  L. 

17.  Rauwolfia  serpentina  Benth. 

18.  Rhododendron  arboreum  Smith, 
ig.  Ricinus  communis  L. 

20.  Sapium  insigne. 

21.  Tylophora  fasciculata  Buch-Ham. 

22.  Withania  somnifera  Dun. 

A  few  notes  may,  perhaps,  v?ith  advantage  be  given  on  some  of 
these  poisons. 

I.  Homicide. — Aconite. — Aconite  (Ranunculaceae)  is  so  poisonous 
that  in  India  it  is  known  as  '  bish '  or  '  bikh,'  which  means  '  the 
poison,'  which  generally  refers  to  Aconitum  ferox  Wall  (Himalayas), 
A.  napellus  L.  (Himalayas), 4.  luridume Aorte  (Sikkim),  A.  lycoctonum 
L.  (Kashmir)  ;  whilst  A.  heterophyllum  Wall  and  A.  palmatum  Don. 
are  said  to  be  less  poisonous. 

The  root  is  the  principal  source  of  the  poison,  which,  however, 
also  exists  in  the  leaves  and  stem. 

Aconite  is  used  for  homicidal  purposes,  as  a  cattle  poison,  and 
may  at  times  be  taken  accidentally.  The  fatal  dose  is  said  to  be 
30  grains  of  the  root,  and  the  fatal  period  usually  three  to  six  hours. 

The  symptoms  are  tingUng  of  the  lips,  tongue,  mouth,  and  fauces, 
followed  by  numbness  and  anaesthesia,  burning  pains  in  the  stomach, 
and  vomiting,  muscular  and  cardiac  weakness,  and  finally  death 
takes  place  from  failure  of  the  heart  or  respiration. 
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The  treatment  is  to  empty  the  stomach  by  a  stomach-pump  or 
an  emetic,  followed  by  animal  charcoal  and  stimulants.  Hypo- 
dermically  atropine  and  ether,  with  or  without  camphor,  may  be 
given. 

Cleistanthus  collina — C.  collina  (Euphorbiacese)  has  very  rarely 
been  used  as  a  poison,  though  it  has  been  mentioned  in  several 
books.  When  so  used,  it  causes  cramps  in  the  limbs,  purging, 
vomiting,  and  death  in  a  day  or  so. 

Cerhera  odollam. — C.  odollam  (Apocynaceae)  is  a  very  common 
plant  in  Ceylon,  and  is  similar  to  C.  thevetia.  Its  chemical  properties 
have  not  yet  been  properly  worked  out,  and  it  is  said  that  it  '  prob- 


ably' contains  the  same  poisonous  principle  as  C.  thevetia--viz., 
thevetin.  The  symptoms  are  nearly  the  same — i.e.,  gastro-intes- 
tinal  irritation,  followed  by  cardiac  poisoning.  These  symptoms 
are  easily  mistaken  for  arsenical  poisoning.  The  treatment  is  the 
same  as  for  irritant  poisoning  in  general. 

Cerbera  thevetia.  —  C.  thevetia,  the  common  yellow  oleander  of 
India,  is  a  shrub  about  6  to  12  feet  in  height,  with  yellow,  bell- 
shaped  flowers  and  globular  green  fruit.  It  is  highly  poisonous, 
its  action  being  due  to  a  glucoside,  thevetin,  which  exists  m  the 
milky  juice  pervading  all  parts  of  the  plant.  It  is  supposed  that 
three  seeds  are  sufficient  to  kill  a  man  in  twelve  to  fifteen  hours, 
the  symptoms  being  gastro-intestinal  irritation,  headache,  dizziness. 


TROPICAL  INTOXICATIONS 


and  pain  in  the  throat.  The  pulse  is  very  soft  and  slow — thirty  to 
forty  beats  a  minute — which  Windsor  says  is  characteristic  ;  later 
it  becomes  weak,  very  rapid,  and  irregular.  Death  results  from 
cardiac  failure.  The  treatment  is  the  same  as  for  ordinary  irritant 
poisoning. 

Dendrocalamus  strictus  Nees. — According  to  Ridley,  the  fine 
hairs  of  bamboo  sheaths  are  used  in  Malaya  as  a  mechanical 
irritant.  They  are  administered  in  food,  and  cause  a  severe  form 
of  enteritis. 

Gloriosa  superba. — G.  superba  (Liliacese)  is  a  well-known  poison  in 
India  and  Ceylon,  while  in  Burma  it  is  said  to  be  used  for  suicidal 
purposes.     Its  active  principle,  superbine,  is  said  to  be  allied  to, 


Fig.   15. — Gloriosa  superba  L. 


or  identical  with,  the  scillitin  of  squills,  and  therefore  the  action  of 
G.  superba  is  not  unlike  that  of  squills.  The  symptoms,  which  may 
appear  in  half  an  hour,  are  retching,  violent  vomiting,  spasms,  with 
contortions  of  the  body  and  racking  pains,  with  short  intervals  of 
relief  from  time  to  time.  Death  may  take  place  in  four  hours.  The 
post-mortem  reveals  congestion  of  the  brain  and  membranes,  with 
extravasations  of  blood ;  congestion  of  the  lungs,  liver,  and  kidneys; 
and  inflammation  of  the  mucous  membrane  of  the  stomach; 

The  treatment  is  that  for  irritant  poisoning  in  general,  and  as 
already  mentioned. 

Hyoscyamus  falezlez. — ^The  Tuaregs  are  said  to  use  H.  falezlez  to 
kill  travellers. 
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Jatropha  curcas.~J.  curcas,  the  jura-tree  of  India,  has  a  seed 
which  IS  called  the  physic  nut,'  from  which  an  oil  can  be  expressed 
which  IS  an  irritant  to  the  skin  and  a  purgative. 

The  symptoms  of  poisoning  are  vomiting,  *  purging,  abdominal 
pam,  derangements  of  the  special  senses,  muscular  twitchings,  and 
loss  of  memory.  The  treatment,  after  getting  rid  of  as  much  of 
the  poison  as  possible,  is  lime-juice  and  stimulants. 

Melianthus.  (Melianthacese).— Various  species  of  Melianthus  are 
said  to  be  very  poisonous  by  Grey,  who  suspects  the  possibility  of 
their  use  by  South  African  Bushmen. 

Milletia  seriacea  (Leguminosae)  is  a  poison  of  the  Dutch  Indies 
causing  severe  diarrhoea,  collapse,  and  death. 

Morea  collina  (Indaceae). — 
M.  collina,  the  wild  tulip  of 
South  Africa,  is  said  by  Grey  to 
have  been  used  by  a  Bush- 
woman  to  poison  a  number  of 
people,  two  of  whom  died. 

The  symptoms  were  severe 
vomiting  and  a  feeling  of  con- 
striction across  the  chest,  feeble 
and  intermitting  heart,  and  a 
tendency  to  coma  for  hours  be- 
fore death.  The  post-mortem 
showed  no  rigor  and  no  inflam- 
mation of  the  stomach.  The 
heart  musculature  was  flaccid, 
and  the  right  side  full  of  blood. 

Nerium  odorum. — N.  odorum 
(Apocynaceas)  is  the  white 
oleander,  and  grows  commonly 
in  India,  where  it  is  a  well- 
known  poison.  It  is  rarely  used 
for  homicidal  purposes,  but  more 
generally  for  suicide,  abortion, 
and  accidental  poisoning. 

The  root  is  the  portion  used, 
but  all  parts  are  poisonous.   The 

active  principles  are  neriodorin,  a  powerful  cardiac  poison  acting 
something  like  digitalis ;  karabin,  a  cardiac  poison,  with  also  a 
strychnine-like  action  on  the  spinal  cord. 

The  symptoms  are  therefore  (i)  those  of  gastric  irritation — viz., 
vomiting,  pain  in  the  stomach,  frothing  at  the  mouth  from  salivation, 
but,  as  a  rule,  without  diarrhoea  ;  (2)  cardiac  symptoms,  producing 
at  first  a  slow  pulse,  which  finally  becomes  quick  and  weak — the 
respirations  are  rapid  from  the  first ;  (3)  strychnine-like  symptoms 
of  twitching  of  the  muscles,  tetanic  spasms,  with  cramps  and, 
at  times,  lockjaw. 
Towards  the  end  the  patient  becomes  drowsy,  then  insensible, 


Fig.   16. — Nerium  odorum  Soland. 
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and  finally  dies  from  cardiac  failure.  The  post-mortem  reveals 
dilatation  of  the  right  side  of  the  heart,  which  is  full  of  blood,  while 
the  left  side  is  empty,  with  subendocardial  haemorrhage,  congestion 
of  the  liver,  spleen,  kidneys,  and  lungs,  mucosa  of  the  stomach  and 
small  intestine,  while  the  large  intestine  and  brain  are  normal. 
The  patient  must  be  treated  on  the  same  lines  as  for  digitalis  and 
strychnine  poisoning. 

The  Oro. — The  oro  (a  cactus)  of  Sierra  Leone  is  a  gastro-intestinal 
irritant,  causing  vomiting,  diarrhoea,  collapse,  and  death. 

Paullinia  pinnata  (Sapondaceae)  is  said  by  Rho  to  be  used  by  negro 
slaves  in  Brazil  to  poison  their  masters,  and  to  depend  upon  an 
alkaloid,  timboin,  for  its  action. 

Strychnos. — Strychnos  (Loganiaceae)  is  a  genus  with  several 
poisonous  species,  among  which  may  be  mentioned — 

Strychnos  nux  vomica  L. 
Strychnos  ignatii  Berg. 
Strychnos  colubrina  L. 

Poisoning  by  the  alkaloid  strychnine  is  frequently  met  with  in 
India,  but  is  usually  accidental.  The  symptoms  of  strychniae 
poisoning  are  bitter  taste  in  the  mouth,  tetanic  spasms,  opistho- 
tonus, risus  sardonicus,  and  death  from  asphyxia  or  collapse. 
There  are  no  characteristic  post-mortem  appearances,  except  con- 
gestion of  the  brain  and  spinal  cord.  The  treatment  is  to  empty  the 
stomach  by  emetics,  and  to  administer  chloroform  or  chloral  hydrate, 
and,  when  asphyxia  threatens,  to  perform  artificial  respiration. 

Thevetia  ahovai. — T.  ahovai  is  allied  to  the  oleanders  mentioned 
above,  and  has  an  alkaloid,  thevetosin,  said  to  cause  gastric  irrita- 
tion and  difficulty  of  breathing. 

2.  Suicide  and  Bodily  Harm. — Of  all  the  poisons  used  for  suicidal 
purposes,  opium  is  by  far  the  most  usual,  though  Nerium  odorum, 
Cerbera  odollam,  and  Gloriosa  superba  are  also  at  times  employed, 
the  former  especially  by  women  in  India.  Rarer  poisons  are 
Calotropis  procera,  Cerbera  thevetia,  aconite,  prussic  acid,  and  vera- 
trine  (meeta  bish).  The  action  of  all  these  poisons  is  described  either 
in  ordinary  works  on  toxicology,  or  has  already  been  mentioned. 

Apart  from  actual  suicide,  certain  drugs  have  a  distinctly  dele- 
terious effect  upon  human  beings  when  taken  for  long  periods,  and 
those  in  use  in  the  tropics  are  alcohol,  opium,  cocaine,  Indian  hemp, 
and  many  others.  The  effects  of  alcohol  are  sufficiently  dealt  with 
in  books  on  ordinary  medicine,  and  need  not  be  described  here.  * 

Opium  is  eaten  in  Persia,  India,  and  Africa,  and  smoked  in  Malay, 
Indo-China,  and  China,  but  for  the  latter  process  it  has  to  be 
specially  prepared.  On  the  Eastern  mind  opium  is  said  to  have 
two  possible  effects  :  either  it  produces  a  sense  of  absolute  blank, 
or  it  produces  fancy  dreams  and  visions.     The  effects  of  chronic 

*  Alcoholism,  which  is  on  the  increase,  may  be  caused  by  indigenous  forms 
of  stimulants,  such  as  arrack,  or,  more  dangerously,  by  imported  cheap 
whiskies,  gins,  and  rums,  which  greatly  deteriorate  native  races. 
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morphinism  are  I0S5  of  appetite,  emaciation,  and  exhaustion,  and 
hence  inability  to  think  or  work. 

It  is,  however,  probable  that  the  effects  of  opium  are  not  as  bad 
as  those  of  alcohol,  and,  used  in  moderation,  may  not  be  more  harm- 
ful than  the  use  of  tobacco. 

Cocaine  has  been  used  much  of  late  in  India  as  an  intoxicant 
ov  stimulant  to  counteract  the  effects  of  opium.  Unfortunately, 
children  have  begun  to  habitually  use  the  drug.  The  cocaine  is 
chewed  with  betel  and  chunam  (slaked  lime),  and  produces  at  first 
loss  of  sensation  in  the  tongue  and  lips,  followed  by  dryness  of  the 
mouth  and  fauces.  The  temperature  does  not  rise,  but  the  pulse 
becomes  full  and  quick,  and  at  this  stage  the  inebriate  likes  to  be 
left  alone,  and  firmly  closes  his  lips  lest  the  saliva  should  flow  out. 
His  ears  become  hot  andj-ed,  his  cheeks  pale,  and  the  tip  of  his  nose 
cold.  Perspiration  breaks  out,  and  the  maximum  amount  of  the  so- 
called  hilarity  or  exaltation,  due  to  over-stimulation  of  the  nervous 
system,  now  appears,  but  is  speedily  followed  by  depression,  which 
induces  the  victim  to  take  another  dose.  The  teeth  and  tongue  of 
the  confirmed  cocaine-eater  turn  jet-black,  probably  due  to  some 
chemical  change  produced  by  the  action  of  lime  and  saliva  on 
cocaine.  Pernicious  symptoms  in  the  form  of  emaciation  accom- 
panied by  insomnia,  digestive  disturbance,  diarrhoea,  deafness, 
diminution  of  urine,  delusions  and  hallucinations,'  and  even  at 
times  acute  mania,  may  appear. 

Indian  hemp  [Cannabis  sativa)  is  used  in  India,  Arabia,  Persia, 
and  elsewhere  as  a  narcotic.  It  must  be  remembered  that  C.  sativa 
grown  in  India  has  quite  different  properties  froita  the  same  plant 
grown  in  Europe.  In  India  there  are  four  varieties  sold  :  bhang, 
consisting  of  the  dried  leaves  and  stalks  reduced  to  a  powder  ;  ganja, 
the  flowering  tops  ;  charas,  the  resin  from  the  leaves  ;  and  rnajun,  a 
sweetmeat  prepared  with  hemp.  In  Central  Asia  the  resin  is  called 
haschisch. 

Its  action  on  man  is  first  to  produce  a  pleasurable  excitement, 
and  later  narcotism.  In  moderate  doses  it  temporarily  increases 
the  feeling  of  strength  and  power.  As  an  intoxicant  it  is  rriuch 
used,  being  eaten  or  smoked,  and  is  said  to  be  one  potent  cause  of 
insanity  in  India.  Waddell  says  that  about  38-4  per  cent,  of 
Bengal  lunacy  can  be  traced  to  this  source.  It  is  asserted  to  be 
one  of  the  causes  of  the  strange  phenomenon  called  '  running  amok,' 
but  this  will  be  dealt  with  in  detail  later  on,  under  diseases  of  the 
Nervous  System. 

Kama  is  an  intoxicating  drink  prepared  from  the  root  of  Piper 
methysticum  Forst.  (Piperacese),  which  grows  throughout  Polynesia. 

According  to  Lewin,  kawa  contains  starch,  flour,  two  inactive 
substances — kawain  and  yangonin — and  2  per  cent,  of  resin,  which 
is  believed  to  be  the  active  principle.     But  this  resin,  by  treatment 
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with  symptoms  of  inco-ordination  and  headache,  and  a  desire  for 
sleep,  and  may  induce  liver  disease,  dermatitis,  and  general  debility. 
Taken  in  moderation,  it  is  said  to  be  harmless. 

Peyottl  (pellote)  is  a  narcotic  used  in  Mexico,  and  derived  from  the 
cactus  Anhalonium  lewinii  Henn.  It  causes  sleep  with  hallucinations. 

Species  of  Coriaria — C.  ruscifolia  L.,  the  poison-foot  of  New 
Zealand,  and  C.  myrtifolia  L.  (a  native  of  Europe) — are  considered  to 
be  intoxicant  or  poisonous,  according  to  the  dose.  The  symptoms 
are  coma,  convulsions,  and  dilated  pupils.  From  C.  ruscifolia  the 
Maoris  are  said  to  prepare  a  wine  and  jelly. 

Other  Poisons. — In  Malacca  the  leaves  of  Mitragyna  speciosa  Korth 
(Rubiacese)  are  said  to  be  used  in  place  of  opium.  From  the  leaves 
of  Bassia  latifolia  Roxh.  and  B.  longifolia  L.  (Sapotaceae)  intoxicating 
drinks  are  made.  Anacardium  occidentale  (the  marking  nut  tree)  is 
sometimes  used  to  torture  or  disfigure  people.  Hyoscyamus  muticus 
is  used  as  an  intoxicant  by  the  Baluches,  and  makes  them  dance 
like  lunatics. 

3.  Infanticide. — Infanticide  exists  in  the  tropics  in  two  forms — the 
first  irrespective  of  sex,  and  said  to  be  due  in  India  (Waddell)  to  the 
high-caste  Hindu  prohibiting  remarriage  of  widows  ;  and,  secondly, «'' 
female  infanticides,  to  prevent  too  many  daughters  growing  up.    A 
few  of  the  more  commonly  used  drugs  may  be  briefly  mentioned. 

Opium  is  used  in  India  by  smearing  the  mother's  nipples  with 
the  drug.  There  is  little  necessity  here  to  describe  the  action  of 
opium.  All  that  need  be  said  is  to  warn  the  practitioner  that  ayahs 
(native  nurses)  are  apt  to  soothe  a  baby  to  sleep  by  dipping  the 
finger  in  laudanum,  and  giving  it  to  the  baby  to  suck.  Such  treat- 
ment is  highly  deleterious  to  the  child,  and  the  intensely  contracted 
pupils  should  make  the  practitioner  suspect  its  use  in  an  obscure 
case  of  illness. 

Calotropis  gigantea  R.  Br.  and  C.  procera  R.  Br.  (Asclepiadese), called 
'  mador '  in  Hindustani  and  '  erukam  '  in  Tamil,  have  been  used  in 
India  for  infanticide  and  abortion,  rarely  for  suicide,  and  more 
rarely  for  homicide.  The  symptoms  are  vomiting,  profuse  saliva- 
tion, severe  tetanic  spasms,  extremely  slow  and  stertorous  breath- 
iiig,  and  dilatation  of  the  pupils.  The  active  principle  is  a  yellow, 
bitter  resin,  but  there  is  no  alkaloid.  The  treatment  is  the  same  as 
for  irritant  poisoning. 

Tobacco  is  also  used  as  an  infant  poison. 

4.  Abortion. — Criminal  abortiori  is  very  common  in  the  tropics. 
In  India  it  is  said  to  be  common  among  Hindu  widows,  because  they 
are  not  allowed  to  remarry. 
The  drugs  commonly  used  are  : 

(i)  Reputed  Emmenagogues  : 

Nerium  odorum  Sol. 

Cerbera  thevetia  L. 

Carica  papaya  L.  seeds. 

Daucus  carota  L.  (the  carrot)  seeds. 
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(2)  Purgatives — Curcurbitacece  : 

Cucumis  trigonus  Roxb. 
Momordica  charanta  L. 
Momordica  cymbalaria  Fenzl. 

(3)  Irritants. — Several  inorganic  irritants  are  used — arsenic,  lead, 
mercury,  copper,  quicklime. 

Plumbago  rosea  X- 

Plumbago  zeylanica  L. 

Calotropis  procera  R.  Br. 

Piper  nigrum  L.  (black  pepper). 

Unripe  pine-apple. 

Moringa  pterygosperma  Gartn.  (bark). 

Lasiosiphon  speciosus  Decne. 

(4)  Supposed  Ecbolics : 

Juice  of  bamboo-leaves  (Bambusa  sp  ?). 

Fruit  of  Randia  dumetorum  L. 

Decoctum  of  Cuscuta  reflexa  Roxb.  (this  is  also  an  irritant). 

Seeds  of  Celastrus  paniculatus  W. 

Seeds  of  Anethum  graveolens  L. 

Plumbago  zeylanica  and  P.  rosea  are  evergreen  shrubs  about  2  to 
5  feet  high,  in  the  root  of  which  there  is  an  active  principle,  plum- 
bagin,  which  acts  externally  as  a  vesicant,  and  internally  as  an  irri- 
tant and  narcotic.  It  is  used  as  a  paste  or  spread  on  wool  on  an 
abortion  stick. 

The  abortifacients  commonly  used  in  Ceylon  are  Gloriosa  superba, 
violent  purgatives  (including  large  doses  of  magnesium  sulphate), 
and  the  twigs  of  the  castor-oil  plant,  the  last  named  being  a 
mechanical  irritant. 

5.  Stupefying  with  Intent  to  Rob. — ^Two  drugs  are  much  used  in 
India  and  Ceylon  for  the  purpose  of  stupefying  with  intent  to  rob — 
viz..  Datura  fastuosa  and  Cannabis  sativa. 

Datura  fastuosa  [Solanacece) . — Poisoning  by  datura  is  common 
in  India,  having  been  used  by  the  Thugs.  The  seeds  are  usually 
mixed  with  food  or  drink,  and  the  symptoms,  which  develop  rapidly, 
depend  upon  the  dose,  being  generally  those  of  a  cerebral  poison. 
First  there  is  delirium,  and  later  coma,  but  in  both  conditions  the 
pupils  are  widely  dilated.  The  delirium  is  peculiar  ;  for  example, 
the  people  affected  may  be  found  searching  their  bedding  most 
vigorously  for  some  lost  article.  When  death  occurs,  it  is  due  to 
cardiac  failure.  The  fatal  dose  is  not  accurately  known,  but  may 
be  about  10  to  15  grains  of  the  seeds.  Waddell  puts  the  mortality 
at  about  18^  per  cent.     The  post-mortem  characteristics  are  wide 
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morphia,  and  pilocarpine  nitrate  in  J  to  J  grain  doses,  as  advised 
by  Ringer. 

The  action  and  effects  of  Cannabis  sativa  have  already  been 
described.  , 

6.  Used  to  simulate  Injuries. — Plumbago  rosea  and  Anacardiwn' 
occidentale  are  used  to  simulate  bruises  and  other  injuries  in  order' 
to  get  innocent  people  into  trouble. 


II.  POISONS  TAKEN  ACCIDENTALLY  BY  MAN. 

Accidental  poisoning  happens  fairly  frequently  ;  therefore  a  few 
examples  may  be  given. 


Certain  common  articles  of  food  are  poisonous  until  properly 
prepared  ;  e.g.,  tapioca  is  the  starch  obtained  from  the  root  of 
Mamhot  utilissima  Pohl  (Jatropha  manihot  L.),  commonly  called  the 
cassava,  of  which  there  are  two  varieties— the  sweet  and  the  bitter. 
The  latter  contains  hydrocyanic  acid  in  its  milky  juice,  and  is 
therefore  poisonous  until  it  is  roasted,  when  the  volatile  acid  is 
driven  off,  and  the  bitter  cassava  can  then  be  used  for  food  after 
squeezmg  out  the  juice  and  cooking  the  root.  Waddell  reports  two 
cases  of  death  from  accidental  poisoning  by  this  root  in  i8q8  in 
Madras. 

Capsicums  [C.  annuum  L.),  if  taken  in  large  quantities,  may 
cause  burnmg  m  the  mouth  and  throat,  vomiting,  colic,  diarrhoea, 
and  even  death. 
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Lewin  states  that  cinnamon-bark  (C.  zeylanicum  Nees)  may  be 
poisonous,  while  nutmegs  {Myristica  fragrans  Houtt.)  are  well  known 
to  be  poisonous  if  taken  in  large  doses. 

Vanillismus  is  poisoning  by  the  dried  fruit  of  Vanilla  flanifolia 
(Andrews),  which  causes  colic,  vomiting,  and  pains  in  the  head  and 
muscles.  Men  working  with  it  may  suffer  from  conjunctivitis, 
fits  of  sneezing,  and  a  skin  eruption  called  vanilla  itch,  characterized 
by  swelling,  followed  in  a  few  days  by  scaling,  may  develop. 
There  is,  however,  great  doubt  as  to  what  is  the  real  cause  of 
these  symptoms.  Probably  it  is  due  to  some  impurity  in  the 
vanilla. 

Chailletia  toxicaria  Don.  (Chailletiaceae)  (native  name,  magberi  or 
manuch),  the  powdered  fruit  of  which  is  used  for  killing  rats,  has 
been  described  by  Renner,  in  Sierra  Leone,  as  the  cause  of  poisoning 
in  a  Mendi  carrier. 

The  symptoms  were  mainly  vomiting,  diarrhoea,  trembling, 
general  weakness,  and  inability  to  walk  because  the  legs  were  para- 
lyzed, the  tendon  reflexes  having  disappeared.  Hypersesthesia  was 
present  over  the  inner  side  of  the  thighs  and  legs,  and  pressure  on 
the  calf  muscle  gave  severe  pain.  The  bladder,  rectum,  and  pupils 
were  normal.     The  man  recovered  in  about  two  months. 

Renner  remarks  that  this  case  is  probably  the  clue  to  attacks 
of  sudden  paralysis  of  the  lower  limbs  in  young  persons  (twenty  to 
forty  years)  of  both  sexes  in  Sierra  Leone.  When  death  ensues,  it 
is  from  paralysis  of  the  muscles  of  respiration. 

The  seeds  of  Ricinus  communis  L.  (Euphorbiaceae) ,  the  castor-oil 
plant,  are  poisonous,  causing  burning  in  the  throat  and  abdomen, 
vomiting,  purging  (may  be  absent),  and  collapse.  The  fatal 
dose  appears  to  be  three  seeds,  and  to  kill  in  about  forty-six 
hours.  Post  mortem,  the  principal  feature  is  gastro-intestinal 
inflammation. 

The  treatment  is  emetics,  stimulants,  and  hypodermics  of 
morphia. 

The  fruit  of  Hippomane  mancinella  L.  (Euphorbiaceae),  the  man- 
chineel-tree,  of  the  Grenadine  Islands,  which  has  a  delicious  fragrance, 
is  said  to  have  been  the  cause  of  many  sailors  meeting  their 
deaths,  for  it  looks  like  an  apple.  The  active  principle  is  not 
known. 

The  symptoms  are  severe  pain  in  the  mouth  and  stomach,  fol- 
lowed by  collapse.  The  lips  and  tongue  become  swollen  and 
blistered,  the  abdomen  tender,  the  pupils  widely  dilated,  while  bulla 
appear  on  the  skin. 

The  treatment  consists  of  stimulants  and  hypodermics  of  ether, 
with  mouth-washes.  Internally  opium,  bromides,  chlorate  of 
potash,  bicarbonate  of  soda,  or  bismuth,  made  into  an  emulsion, 
may  be  given. 
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III.  CATTLE-POISONING. 

Cattle-poisoning  is  a  frequent  method  of  revenge  in  India. 
The  following  list,  taken  from  Waddell's  work,  indicates  the  drugs  and 
methods  in  use,  together  with  their  relative  frequency  : 

Arsenious  oxide     . .          . .  . .  . .  . .  . .  696 

,,         ,,       with  sulphite  .  .  . .  . .  .  .  9 

,,         ,,       with  oxides  of  lead  ..  ..  ..  9 

'.                Sulphides  of  arsenic  only  . .  . .  . .  .  .  ..11 

Oxides  of  lead  only           . .  . .  .  .  .  .  .  .  6 

Sulphate  of  copper  .  .  . .  . .  . .  6 

Nux  vomica            .  .  .  .  . .  .  .  .  .  i     . 

Cocculus  indicus    .  .          . .  . .  .  .  .  .  .  .  3 

Mercury      .  .          .  .          . .  . .  .  .  . .  .  .  i 

Sulphate  of  iron    . .          . .  . .  . .  . .  . .  i 
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But,  in, addition,  Abrus  precatorius  L.,  Cerbera  thevetia  L.,  Calotropis 
procera  R.  Br.,  aconite,  chopped  hair,  and  snake-venom  have  been  used.  The 
list  of  Ceylon  plants  poisonous  to  man  and  cattle  has  already  been  given.  It 
is  important  to  remember  that  rinderpest  and  dysentery  resemble  arsenical 
poisoning,  while  poisoning  with  nux  vomica  may  resemble  tetanus. 

Grey  says  that  Lessertia  annularis,  the  t'neuta  of  the  Karroo  of  South 
Africa,  produces  cerebro-spinal  paralysis  in  sheep  and  goats,  like  Gastro- 
lobium,  the  poison-pea  of  Australia.  Only  Abrus  precatorius  need  be  discussed 
here. 

Abrus  Precatorius  (Leguminosx). 

The  juice  of  this  plant  is  most  irritating,  and,  if  injected  under  the  skin  of 
cattle,  proves  rapidly  fatal,  by  producing  general  depression,  drowsiness,  fall 
of  temperature,  and  hsemorrhagic  lesions  somewhat  like  those  of  snake-venom. 

The  decorticated  seeds  are  made  into  a  paste,  which  is  worked  into  sharp- 
pointed  little  needles,  and  hardened  in  the  sun.  Two  of  these  are  inserted 
by  their  bases  into  a  wooden  handle,  and  then  driven  with  great  force  into 
the  animal's  flesh. 

The  active  ■principle  is  abrin,  a  tox-albumin  resembling  snake-venom, 
which  causes  thrombosis  and  death  in  from  eighteen  to  twenty-four  hours. 


IV.  POISONS  USED  IN  TRIAL  BY  ORDEAL. 

Curious  customs  exist  in  savage  lands  of  trial  by  ordeal,  in  which  the 
patient  is  given  a  drug  and  then  ordered  to  perform  some  act.  Waddell 
records  the  history  of  an  old  Hindu  woman  who  was  supposed  to  be  a  witch. 
She  was  tried  by  ordeal,  being  given  a  poisonous  drug  (datura)  in  treacle, 
as  it  is  a  native  belief  that  a  witch  can  withstand  poison.  The  result  of  the 
ordeal  was  that  the  poor  woman  died.  ■> 

Rho  gives  an  account  of  trial  in  West  Africa  by  '  imbundi,'  the  sUced  root- 
bark  of  Strychnos  icaja  (Baill),  which  is  said  to  contain  strychnine.  The 
accused,  after  drinking  a  concoction  of  the  root,  is  made  to  jump  over  a 
stick,  and  is  pronounced  guilty  unless  he  is  able  to  do  this,  or  to  pass  urine 
on  to  a  banana-leaf,  both  of  which  feats  are  usually  impossible. 

Christison  mentions  the  Calabar  bean  of  West  Africa,  Physostigma  vene- 
nosum  Balf.  (leguminosse) ,  as  being  used  in  trial  by  ordeal,  the  beUef  being 
that  the  innocent  vomit  and  are  safe,  while  the  guilty  retain  the  poison  and 
die.     Its  antidote  is  atropine,  administered  hypodermically. 

Urythrophlaum  judiciale  Proct.,  Tanghinia  venenifera  Poir.,  which  contains 
a  toxic  base  with  an  action  like  digitalin,  and  Menabea  venenata  Baill  are  used 
in  Madagascar,  and  Adenium  somalense  Poir  in  Somaliland,  for  purposes  of 
trial  by  ordeal. 
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V.  POISONS  USED  ON  WEAPONS. 
Arrow-Poisons. 

■  The  arrows  of  primitive  peoples  produce  wounds  which  are  by 
no  means  usually  fatal,  and  therefore,  in  attacking  big  game  or  in 
warfare,  it  is  obvious  that  some  poison  which  will  insure  the  death 
of  the  victim  fairly  quickly  will  be  valuable. 

Usually  these  poisons,  or  the  more  potent  of  them,  are  only  known 
to  the  fetish  priests  or  chiefs,  and  are  generally  mixed  with  all  sorts 
of  animal  extracts,  the  whole  being  made  into  a  paste,  and  painted 
on  the  arrow-heads. 

If  a  special  poison  is  prepared,  as  a  rule  some  sort  of  precaution 
is  also  taken,  so  that  the  owner  of  the  arrow  may  not  be  accidentally 


wounded.  Thus,  the  Fra-Fra  people,  when  preparing  against  the 
invasion  of  their  country,  obtained  a  very  potent  poison,  which, 
however,  they  handled  with  great  caution,  though  they  boasted 
that  they  had  an  antidote.  They  kept  these  arrows,  as  a  rule,  in 
special  quivers,  and  each  arrow  had  a  tiny  stick  tied  to  its  shaft, 
so  that  it  could  be  carefully  lifted  out  of  the  quiver.  Moreover, 
a  tuft  of  red  material  was  tied  to  the  base  of  each  of  these  sticks,  so 
that  there  could  be  no  mistake  as  to  which  were  the  specially 
poisoned  arrows. 

Arrow  poisons  may  be  classified  into  those  of  animal  origin  and 
those  of  vegetal  origin.  The  most  common  animal  arrow-poisons 
are  snake-venom,  scorpions,  spiders,  and  beetles,  crushed  and  mixed 
with  vegetal  poisons.    The  Bushmen  of  South  Africa  and  the  natives 
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of  Togoland  make  an  arrow-poison  by  burning  and  powdering  the 
heads  of  adders  and  vipers,  regardless  of  the  fact  that  the  burning 
must  destroy  the  venom.  The  Bushmen  of  the  Kalahari  Desert 
make  a  poison  from  the  larvae  of  Diamphidia  simplex  Paringuey, 
which  is  thought  to  be  really  a  toxin  due  to  some  micro-organism 
growing  in  'the  decomposing  larva.  But  animal  poisons  are  not 
nearly  So  common  as  vegetal  poisons. 

The  most  important  natural  orders  containing  vegetal  arrow- 
poisons  are,  firstly,  the  Apocynacese,  which  contains  the  genera 
Acocanthera,  Strophanthus,  and  Adenium,  all  of  which  are  common 
African  poisons ;  secondly,  the  Loganiaceae,  with  the  genus  Strychnos, ,; 
which  is  of  great  importance  in  Asian  poisons ;  thirdly,  the  Urti- 
caceffi,  with  the  important  ipoh  poison  of  Sumatra,  Borneo,  and 
Indo-China ;  and  fourthly,  the  less  important  orders  of  the  Ranuncu- 
lacese,  containing  Aconitum  ferox  (Wall),  used  in  India,  the  Legumi- 
ndsae,  and  the  Euphorbiaceae,  containing  some  African  poisons. 

The  actions  of  arrow-poisons  are  very  varied,  and  may  be  classified 
into — 

1.  An  action  on  the  heart  and  muscles  like  that  of  digitalis. 

2.  An  action  on  the  peripheral  nerve-endings  like  that  of  curari. 

3.  An  action  on  the  nervous  system  and  heart   like  that  of 
aconite. 

4.  An  action  on  the  nervous  system  like  that  of  strychnine. 

5.  An  action  resembling  snake-venoms. 

The  general  treatment  of  a  poisoned  arrow  wound  is  as  follows  : 

1.  Tie  a  tight  hand  on  the  heart  side  of  the  wound,  if  on  a  limb, 
to  prevent  absorption  of  the  poison. 

2.  Remove  the  arrow  as  quickly  as  possible. 

The  difficulty  in  withdrawing  the  arrow-head  is  the  presence  of 
barbs,  which  can  be  prevented  from  doing  mischief  by  thrusting 
the  head  through  the  skin  on  the  far  side  of  the  limb — ^there  is  no' 
necessity  to  fear  about  the  bloodvessels,  for  they  will  slip  away 
from  the  arrow — then  cutting  the  shaft  off,  and  drawing  the  head 
through  on  the  far  side,  and  the  shaft  on  the  near.  If  it  is  in  the 
body,  a  good  plan  is  to  enlarge  the  wound  and  pass  down  some 
sort  of  a  cannula — e.g.,  a  hollow  bamboo — over  the  head,  and  then 
withdraw  the  whole  arrow. 

3.  Wash  the  wound  with  permanganate  of  potash. 

Having  withdrawn  the  arrow,  wash  the  wound  out  thoroughly 
with  a  3  per  cent,  solution  of  permanganate  of  potash  (if  this 
cannot  be  done,  cup  the  wound  or  suck  it),  in  order  to  neutralize 
any  snake-venom,  and,  indeed,  any  other  poison  capable  of  being 
oxidized. 

4.  Keep  the  heart  working. 

Give  stimulants — e.g.,  hypodermics  of  strychnine — after  the  arrow 
is  removed  and  the  wound  washed. 

5.  After-treatment. 

Treat  the  hurt  as  a  poisoned  wound.  A  dose  of  antitetanic  serum 
would  be  good,  if  available. 
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Some  of  the  principal  arrow-poisons  require  to  be  described  in 
more  detail. 

I.  African  Arrow-Poisons.  —  The  natural  order  Apocynaceae 
contains,  as  already  stated,  several  genera  of  plants  which  pro- 
vide celebrated  arrow-poisons  much  used  by  native  peoples  in 
Africa. 
These  genera  are  Acocanthera,  Strophanthus,  and  Adenium. 
Acocanthera  Arrow-Poison. — ^The  genus  Acocanthera  supplies  the 
most  important  arrow-poisons  of  East,  Central,  West,  and  South 
Africa.  The  poison,  which  is  called  waba,  wabajo,  or  ouabaio, 
was  first  fully  described  by  Burton  in  1856.  It  is  prepared  from 
the  tree  A.  schimperi  (Dec)  in  Abyssinia  and  throughout  the  greater 
part  of  East  Africa,  being  used  by  the  Wataita,  the  Wakamba,  and 
probably  other  tribes.  The  special  Fra-Fra  arrow-poison  of  the 
Gold  Coast  is  probably  derived  from  some  species  of  Acocanthera. 
In  Erythrsea  and  Yemen  A.  deflersii  Schweinfurth  is  used,  and  in 
Somaliland  A.  ouabaio  Cathelineau.  These  trees  are  4  to  5  metres 
in  height,  with  dark  green  foliage,  white  or  red  flowers,  and  violet- 
red  fruit.  The  poison  is  usually  prepared  by  making  a  decoction  of 
the  wood,  and  evaporating  it  down  until  it  becomes  a  thick  tar- 
like extract,  which  contains  the  active  principle.  This  principle, 
which  is  a  glucoside  called  ouabain,  acocantherin,  or  wabain,  is  a 
powerful  cardiac  poison.  In  addition,  the  natives  generally  add 
snakes'  heads  and  gall-bladders  to  the  tar-like  mass  ;  but  it  is 
doubtful  whether  these  really  increase  its  virulence,  though  it  must 
be  admitted  that  sometimes  there  are  symptoms  analogous  to  snake- 
poisoniag. 

The  thick  extract  of  the  wood  containing  any  other  additions, 
which  individual  peculiarity  may  consider  necessary,  is  now  painted 
upon  the  arrow-heads. 

The  action  of  the  freshly  prepared  poison  is  very  rapid,  death 
taking  place  in  a  few  minutes  through  stoppage  of  the  heart,  after 
a  preliminary  quickening  of  the  respirations  and  convulsions. 
Sometimes  pain  is  complained  of  in  the  lumbar  region.  The 
symptoms  can  be  readily  prevented  by  a  3  per  cent,  solution 
of  permanganate  of  potassium.  The  native  remedy  is  believed  to 
consist  in  eating  some  of  the  poison. 

Another  important  Acocanthera  poison  is  A.  venenata  Thunberg, 
which  is  employed  by  the  South  African  Bushmen,  and  is  said  to  be 
made  from  a  decoction  of  the  bark.  The  symptoms  are  rigors, 
without  convulsions,  and  loss  of  muscular  power,  followed  by  death 
in  a  few  miautes. 

Strophanthus  Arrow-Poison. — Livingstone  was  probably  the  first 
to  draw  attention  to  a  Strophanthus  arrow-poison  called  kombi, 
used  in  Central  Africa.  Strophanthus  hispidus  D.  C.  is  a  very 
common  plant  in  many  parts  of  West  and  Central  Africa,  and  is 
a  common  arrow-poison,  but  not  nearly  so  deadly  as  that  of 
Acocanthera.  The  other  varieties  used  are  S.  glabris,  5.  ' 
S.  lanosus,  S.  ciabe,  S.  barika. 
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1  he  poison  is  obtained  by  cooking  the  seeds  in  water,  and  adding 
snakes'  heads  and  leaves  and  roots  of  other  plants.  The  injured  man 
falls  to  the  ground,  and  his  breathing  and  pulse  become  gradually 
slower  and  slower,  until  the  heart-beats  suddenly  cease,  and  death 
ensues,  preceded  by  a  convulsion  in  about  ten  to  fifteen  minutes. 
The  heart  stops  in  systole,  and  will  not  contract  on  stimulation. 
Strophanthus  is  used  on  the  Congo,  Lake  Nyassa,  Zambesi,  Gaboon, 
Guinea  Coast,  Gold  Coast,  Cameroons,  and  Senegambia  as  an  arrow- 
poison. 

Adenium  Arrow-Poison. — There  are  two  species  pf  Adenium 
used  in  Africa — viz.,  A.  hoehmianum  Schinz  and  A.  somalense 
Oliver. 

A.  hoehmianum,  which  is  a  shrub  about  ij  to  2  metres  in  height, 
is  used  by  the  Ovambo  of  German  South- West  Africa  to  prepare 
an  arrow-poison  called  echuja.  The  thickest  branches  or  roots  are 
cut  across  and  held  over  a  fire,  when  the  thick,  viscid  sap  exudes 
in  threads,  and  is  collected  by  winding  it  round  small  pieces  of 
wood.  The  arrow-heads  are  now  moistened  by  spitting  upon  them, 
and  then  smeared  with  the  sap. 

The  active  principle  is  echujin,  which  is  a  very  virulent  cardiac 
poison.     The  Somaliland  species  is  equally  virulent. 

Erythrophlceum  judiciale  Proct. — Its  active  principle  is  an  alkaloid, 
erythrophloem,  which  causes  dyspnoea,  first  slowing  and  then 
quickening  of  the  heart,  and  finally  death  from  stoppage  of 
breathing.  It  is  used  by  the  Pigmies  of  Central  Africa ;  but  the 
principal  Pigmy  arrow-poison  is  a  mixture  of  this  with  strychnine, 
which  will  kill  an  elephant.  Prompt  treatment,  however,  is  said 
to  be  able  to  save  a  man's  life  when  wounded  by  one  of  these 
arrows. 

Munchi  Arrow-Poison. — ^The  Munchi  arrow-poison,  which  is  used 
by  the  Backorana  clan  in  Northern  Nyeni,  is  said  to  be  nearly  always 
fatal  to  man  in  about  half  an  hour.  The  method  of  preparation  is 
not  known,  but  the  poison  is  plastered  in  a  thick  layer  on  the  long 
point  of  the  barb.  It  is  of  a  brittle,  dark  brown  colour,  with  slightly 
aromatic  odour,  and  is  insoluble  in  cold  or  warm  water,  in  normal 
saline  or  acidulated  solution,  but  dissolves  easily  in  alkaUs— e.g., 
I  per  cent.  NagCOg  solution.  It  has  no  alkaloidal  properties,  and 
does  not  reduce  copper  sulphate  in  alkalrae  solution.  No  fluorescence 
occurs  with  H2SO4,  and  there  is  only  slight  reducing  power  after 
prolonged  boiling  with  mixed  acids.  It  acts  by  paralyzing  the  heart 
and  the  striated  skeletal  muscles,  but  no  distinct  action  on  the 
muscle  plasm  can  be  detected.  The  toxic  substance  is  thought  to 
belong  to  the  class  of  resinous  acids. 

Euphorbia  candelabrum. — This  is  supposed  to  be  one  of  the  in- 
gredients of  the  poison  'uciunga'  (meaning  poison),  used  by  the 
Wafiomi,  Wagogo,  of  German  East  Africa.  The  other  ingredients 
are  not  known.  According  to  Brieget,  the  active  principle  is 
exactly  the  same  as  in  Acocanthera.  Rho  says  the  Wakamba  use 
a  similar  poison. 
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Less  important  African  arrow-poisons  are : 

(a)   Used  by  the  Monbattu  Dwarfs — 

1.  Erythrophloeum  guineense  G.  Don.,  belonging  to  the  Leguminosae 

of  which  the  bark  is  used. 

2.  PaUsota  barteri  Benth. 

3.  Combretum  grandiflorum. 

4.  Strychnos  icaja  Baill. 

(6)   Used  by  the  Hottentots  and  South  African  Bushmen — 

5.  Haemanthus  toxicaria  (L.). 

6.  Euphorbia  cereiformis  L. 

7.  Euphorbia  virosa  W. 

8.  Eupliorbia  heptagona  L. 

9.  Euphorbia  arborescens. 
10.  Hyaenanche  globosa. 

3.  Asian  Arrow-Poisons.— The  best  known  of  these  poisons  an 
those  used  in  Malaya,  Sumatra,  and  Borneo,  and  prepared  fron 
the  following : 

UrticacecB — 

(i)  Antiaris  toxicaria  Lesch. 

LeguminoscB — 

(2)  Derris  elliptica  Benth. 
Loganiacem — 

(3)  Strychnos  tieute  Lesch. 

(4)  Strychnos  wallichiana  Benth. 

(5)  Strychnos  maingayi  Clarke. 

Rubiacece — 

(6)  Lasianthus  flavescens  Korth. 

DioscoreacecB — 

(7)  Dioscorea  hirsuta  Bl. 

AroidecB — 

(8)  Amorphophallus  campanulatus  Blum. 

ApocynacecB — 

(9)  Tabernaemontana  malaccensis  Hook. 

Antiaris  toxicaria. — A.  toxicaria  (Lesch)  is  a  tree  growing  11 
Malaya,  the  sap  of  which  provides  the  arrow-poison  known  as  ipuh 
ipo,  ipoh,  ternek,  kyass,  poon  upas,  etc.  It  is  used  by  the  Sakai 
of  Malacca,  the  Battaks  of  Sumatra,  the  Dyaks  of  Borneo,  and  th^ 
Mois  of  Cochin  China. 

Brandwood's  dart-poison,  dajaksch,  from  Borneo,  appears  to  b' 
from  the  juice  of  A.  toxicaria. 

The  earlier  travellers  in  Malaya  gave  wonderful  accounts  of  th 
upas-tree  and  its  action,  which  were  purely  imaginary.  Delist 
and  Magendie  appear  to  have  been  the  first  to  make  experiment; 
with  the  poison  in  1810,  and  they  were  followed  by  Brodie  in  i8ii 

8—2 


11^ 


ii6  TROPICAL  INTOXICATIONS 


who  showed  that  the  heart-beats  became  weak  and  irregular  before  *  * 
respiration  or  the  mental  faculties  were  impaired. 

There  appears  to  have  arisen  a  confusion  between  the  juice  of 
A.  toxicaria  and  Strychnos  tieute,  which  explains  the  finding 
by  Hedbon  and  Welting  of  strychnine  in  upas  antiar.  Pelletier  and 
Caventou,  the  discoverers  of  quinine,  studied  the  chemistry  of  the 
poison,  and  in  1838  Mulder  isolated  the  active  principle  as  a 
crystalline  body,  which  he  called  antiarin,  which  in  1868  Deirij  and 
Ludwig  showed  to  be  a  glucoside. 

Kiliani  in  i8g6  investigated  antiarin,  and  found  its  formula  to 
be  CjjH^jOio.  The  physiological  action  of  the  poison  has  been 
investigated  by  a  large  number  of  observers,  notably  by  Hedbon, 
Kiliani,  and  Seligmann,  the  last-named  observer  giving  a  most 
excellent  account  of  ipoh  as  used  by  the^Keiiyahs  of  the  Baram 
district  of  Sarawak. 

The  poison  is  prepared  from  the  inspissated  juice  of  the  tree,  and 
is  either  used  alone  or  is  mixed  with  5.  tieute,  snakes'  heads, 
or  other  substances.  The  whole  concoction  is  made  into  a  paste 
with  water,  and  applied  to  the  heads  of  the  arrows,  which  are  then 
dried  before  a  slow  fire. 

The  poison  acts  on  the  ventricles  of  the  heart,  behaving  like  digi- 
talis, and,  in  addition,  causes  paralysis  of  the  cerebral  nervous 
system  and  passing  clonic  spasms  of  the  voluntary  muscles. 

The  Strychnos  Arrow-Poisons. — Strychnos  tieute  Lesch  is  the  upas 
tieute  of  Borneo,  5.  wallichiana  Benth  is  the  ipoh  aker,  and 
S.  maingayi  the  aker  lampong  of  the  natives  of  Malacca. 

The  ;poisons  obtained  from  these  plants  are  said  to  contain    ■ 
strychnine  and  curari.     The  symptoms  are  said  to  be  paralysis  of 
the  muscleSi  abolition  of  the  reflexes,  and  stoppage  of  the  heart 
and  respiration.     The  urine  contains  a  substance  which  reduces 
Fehling's  solution. 

Aconite  as  an  Arrow-Poison. — Aconitum  ferox  Wall,  belonging 
to  the  natural  order  of  the  Ranunculacese,  is  used  by  the  Himalayan 
tribes  from  Assam  to  Kashmir  as  an  arrow-poison,  and  several 
Sepoys  have  been  mortally  wounded  in  expeditions. 

The  poison  is  applied  as  a  paste  to  the  arrow,  and  is  said  to  be 
mixed  with  septic  blood  to  increase  its  effects  (Waddell).  It  is  also 
said  to  be  used  along  the  French  and  Chinese  frontiers  of  the  Indian 
Empire,  and  by  the  Amos  in  Japan,  but  the  latter  are  believed  to 
mix  it  with  tobacco. 

Less  important  Asian  arrow-poisons  axe : — Guatteria  veneficum  Mart,  Cocculus 
toxiferus  Mart,  C.  amazonum  Mart,  which  are  also  used  in  India  as  arrow- 
poisons,  the  active  principle  being  curaxi. 

Arrow-Poisons  of  the  Philippine  Islands.— The  arrow-poisons  used 
by  the  Negritos  of  the  Philippine  Islands  are  Rabelaisia  fhilippinensis 
Planch,  which  causes  paralysis  of  the  extremities,  dyspnoea,  con- 
vulsions, and  cessation  of  the  heart's  action. 

Australasian  Arrow-Poisons.— Le  Dantec,  quoted  by  Vaughan 
and  Novy,  says  that  the  poisonous  arrows  of  the-  natives  of  the 
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New  Hebrides  are  prepared  by  smearing  the  points,  which  a 
usually  made  from  human  bones,  with,  first,  a  vegetable  resin,  ai 
then  with  slime  taken  from  marshy  places. 

American  Arrow-Poisons.  —  The  important  American  arro\ 
poisons  used  in  the  valleys  of  the  Amazon  and  Orinoco  belong  • 
the  Loganiacese,  and  are  Strychnos  toxifera  Schomb,  5.  crevaux 
Planch,  S.  castelniceana  Weid. 

The  active  principle  is  curari,  and,  it  is  said,  curin.  Curari,  ( 
ourari,  was  first  brought  to  Europe  by  Sir  Walter  Raleigh  in  159 
The  drug  paralyzes  the  motor  end-plates,  and  causes  death  fro: 
failure  of  the  respiration. 

Less  important  American  arrow-poisons  are  : — 

(a)  PaulUnia  pinnata  (L.),  used  by  native  Indians  of  Brazil. 
{b)  Piscidia  erythrina  (L.),  used  in  Brazil  and  Central  America. 

'=  VI.  POISONS  USED  IN  FISHING  AND  HUNTING. 

{a)  Fish  Poisons. 

It  is  a  common  practice  all  over  the  world  to  throw  pieces  of  bark  or  leav 
of  trees  and  shrubs  on  to  the  water,  in  order  to  stupefy  fish,  and  thus  enab 
them  to  be  easily  caught. 

The  number  of  plants  used  for  this  purpose  is  very  great,  and  though  v 
have  not  thought  it  necessary  to  give  a  detailed  list  in  this  book,  still,  we  co: 
sider  that  it  is  useful  to  give  a  few  examples,  as  a  knowledge  of  the  subject 
at  times  required. 

The  plants  used  in  Ceylon  for  the  purpose  of  intoxicating  or  killing  fish  a 
given  in  the  following  list,  kindly  supplied  to  us  by  Mr.  Drieberg  : 

I.  Anamirta  paniculata  (A.  cocculus  W.  and  A.). 
,  2.  Barringtonia  acutangula  Gartn. 

3.  Euphorbia  tirucalli  L. 

4.  Lasiosiphon  eriocephalus  Decne. 

5.  Maesa  indica  Wall. 

i- ;  6.  Mundulea  suberosa  Benth. 

7.  Randia  dumetorum  Lamk. 

8.  Strychnos  nux  vomica  L. 
■                                  9.  Walsura  piscidia  Roxb. 

10.  Derris  uliginosa  Benth. 
Hydnocarpus  venenata  Gartn.  is  also  said  to  be  used,  and  to  be  poisonoi 
on  account  of  the  hydrocyanic  acid  it  contains. 
In  India  the  following  are  used  : 

Anamirta  cocculus  Wight  (Menispermaceje) . 
Dolichandrone  falcataSeem  (Bignoniaceae) . 

In  Java  and  Sumatra  : 

Pittosporum  densiflorum  Puttal  (Pittosporeae) . 
Tephrosia  toxicaria  Pers. 
Tephrosia  piscatoria  Pers. 

In  the  Philippine  Islands  : 

Sapindus  rarak  D.  C         I  Sapindaoeae. 
Harpuha  arborea  Radlk  /       ^ 

In  the  Dutch  East  Indies  : 

Derris  elliptica  Benth  (Leguminosae). 
Pachyrhizus  angulatus  Rich. 
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Both  of  these  plants  contain  a  non-nitrogenous  substance,  called  respec- 
tively derrid  and  pachjrrrhizid,  highly  poisonous  to  fish.  Derris-root  will 
kill  fish  in  a  dilution  of  i  to  25,000  of  water,  and  derrid  in  i  to  5,000,000. 

In  the  West  Indies  : 

Piscidia  erythrina  L. 

This  plant,  called  the  Jamaica  dogwood,  is  used  by  throwing  the  leaves 
and  entire  branches  into  the  water,  when  the  active  principle,  piscidin,  dis- 
solves out  and  paralyzes  the  fish,  which  are  easily  caught  floating  on  the 
surface. 

(6)  Mammalian  Poisons. 

In  India  the  root  of  Arum  montanum  Roxb  is  said  to  be  used  to  poison 
tigers,  while  aconite  is  employed  for  the  same  purpose  against  elephants. 

Many  fat-poisons  are  known,  especially  Tylophora  fasciculata  Buch-Ham 
(Asclepiadeae),  Chailletia  toxicaria  Don  (Dichapetalaces) ,  both  of  Vhich  are 
used  in  Africa,  and  Dianella  nemorosa  L.  (Liliaceae)  in  Malacca. 
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In  the  natural  order  of  the  Anacardiaceae  there  is  the  genus  Rhus, 
some  of  the  species  of  which  are  well  known  to  cause  a  dermatitis. 

Thus,  Rhus  venenata,  the  poison-ivy  of  the  Western  States  of 
America,  has  many  times  been  recorded  as  the  cause  of  this  disease. 
Other  species  known  to  cause  dermatitis  are  R.  toxicodendron, 
R.  lohata,  and  R.  pumila ;  but  for  the  present  purpose  only 
R.  vernicifera  is  of  importance. 

Lacquer  Poisoning. 

Lacquer  is  obtained  from  a  brown  treacle-like  balsam,  which 
exudes  when  incisions  are  made  into  the  lacquer-tree,  Rhus  verni- 
cifera Candolle. 

The  disease  is  acquired  in  two  ways  :  either  by  direct  contact  with 
the  lacquer,  or  through  the  fumes  arising  from  it  by  evaporation, 
but  only  as  long  as  the  lacquer  is  not  dry,  for  the  poison,  whatever 
it  is,  disappears  on  drying. 

The  symptoms,  which  develop  in  a  few  hours,  are  fever,  with 
tension  and  oedema  of  the  skin  of  the  face,  limbs,  and  generative 
organs,  nasal  and  conjunctival  catarrh,  while  a  papular  eruption 
■appears  on  the  oedematous  skin  of  the  legs  and  forearms. 

The  treatment  consists  in  washing  the  skin  thoroughly  with  soap 
and  water,  and  applying  soothing  applications,  such  as  cold  lotions, 
or  lotio  plumbi  subacetatis. 

As  prophylaxis  the  Chinese  rub  the  hands  and  face  with  rape- 
seed  oil  in  which  a  ham  has  been  boiled,  and  wear  a  linen  mask  for 
the  face  and  a  leather  apron  for  the  body.  After  work  the  exposed 
parts  are  rubbed  with  a  decoction  of  chestnuts,  pine-bark,  salt- 
petre, and  amaranth. 

The  above  precautions  are  taken  in  China,  but  in  Japan  no  such 
prophylaxis  exists. 
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Jatropha  Poisoning. 

While  on  tlie  subject  of  irritating  plants  it  may  be  mentioned  that  Jatropi 
areus  of  the  West  Indies  has  leaves  covered  with  stinging  hairs,  which  a 
said  to  cause  extreme  collapse,  followed  by  pain  and  swelling  of  the  afiecti 
parts  when  touched. 
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CHAPTER  VII 

TROPICAL    INTOXICATIONS    {continued)— 
POISONOUS  FOODS 

Bromatoxismus — Zootrophotoxismus — Fuguismus — Sitotoxismus — ^^Lathyris- 
mus — Loliismus — Paspalismus — Atriplicismus. 

VIII.  POISONOUS  FOODS. 

Food  poisoning,  technically  called  bromatoxismus,  may  be  divided 
into  two  classes  : 

1.  Animal  food  poisoning. 

2.  Vegetal  food  poisoning. 

I.  ANIMAL  FOOD  POISONING. 

Animal  food  poisoning  is  called  zootrophotoxismus,  and  may  be 
due  to — 

{a)  Products  normally  present  in  certain  animals,  but  poisonous 
to  man. 

(&)  Poisonous  food  having  been  eaten  by  an  animal  prior  to 
its  being  killed  for  food. 

(c)  Products  abnormally  produced  in  the  living  animal. 

[d)  Post-mortem  decomposition. 

But  of  these  we  need  only  concern  ourselves  with  the  first  and  the 
last. 

Products  normally  Present  in  the  Animal. 

Poisoning  by  products  normally  present  in  the  animal  is  called 
'  siguatera,'  and  is  generally  due  to  fish. 

The  most  dangerous  fish  are  those  living  among  coral  reefs,  and 
particularly  those  which  are  bright-coloured.  It  is  possiblfe  that 
the  poisonous  properties  may  be  due  not  so  much  to  the  fish 
itself  as  to  the  fact  that  it  has  eaten  decomposing  food,  such  as 
dead  medusae,  corals,  etc. 

Certain  species  of  the  genus  Clupea  (Cuvier),  particularly  C. 
thrissa  (Osbeck)  are  noted  as  beingvery  poisonous,  but  there  is  con- 
siderable doubt  about  this  matter,  as  no  scientific  work  has  been 
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done  on  the  subject.  The  symptoms  are  gastro-intestinal  irrita- 
tion, which  may  lead  to  collapse  and  death.  Another  fish  which  is 
only  poisonous  at  certain  seasons  is  a  so-called  sardine  Clupea 


Fig.   19. — Clupea  longiceps  (Sardinella  neohowii). 

longiceps  [Sardinella  neohowii  Vol),  found  off  the  coasts  of  Ceylon, 
and  which,  according  to  Tennent,  caused  much  sickness  years  ago. 
Other  poisonous  fish  are  Tetrodon  hispidus,  the  '  muki-muki '  or 
death-fish  of  Hawaii,  and  the  file  fishes,  of  which  Stephanolepsis 
hispidus  L.  may  be  mentioned  as  an  example.      Poisoning  with 


Fig.  20. — Tetrodon  vermicularis  Schlegel. 
(From  Savtschenko's  'Atlas  of  Poisonous  Fish.') 

Tetrodon  has,  however,  been  more  accurately  studied,  and  may 
be  referred  to  at  greater  length  under  the  term  Fuguismus. 

Fuguismus. 

The  Japanese  term  '  fugu  '  includes  several  species  of  fish  belong- 
ing to  the  genus  Tetrodon,  of  which  the  important  species  are 
T.  vermicularis,  T.  rubripes,  T.  laevigatus,  T.  chrysops,  T.  rivulaius, 
T.  lunaris,  T.  pardalis,  T.  porphyreus,  T.  poicelonotus,  T.  stellatus, 
and  T.  sticonotus,  which  are  said  by  Scheube  to  be  often  used  for 
suicidal  purposes. 

.  The  poison  appears  to  lie  in  the  ovaries  and  testicles,  which, 
according  to  Tabara,  contain — i.  Tetrodin — a  crystalline  base  ; 
2.  Tetrodonic  acid — a  white,  waxy  body.  Both  are  poisonous,  but 
the  acid  is  said  to  be  more  so  than  the  base. 

The  symptoms,  which  begin  in  three  to  fifteen  minutes  after 
eating  one  roe,  are,  according  to  Scheube,  an  unpleasant  sensation 


in  the  stomach,  abdominal  pains,  burning  in  the  fauces,  nausea, 
severe  headache,  collapse,  and  fainting.  Death  may  occur  in  a  few 
hours  from  paralysis  of  the  heart  or  respirations.  The  mortality  is 
high,  being  said  to  be  more  than  68  per  cent. 

The  treatment  is  to  empty  the  stomach  with  an  emetic  and  to 
give  stimulants,  especially  hypodermics  of  strychnine. 

Post-Mortem  Decomposition. 

Post-mortem  changes  are  much  more  rapid  in  the  tropics  than  in 
the  Temperate  Zone,  and,  therefore,  food  is  quickly  apt  to  become 
poisonous.  Meat  is  especially  liable  to  become  infected  with 
saprophytic  or  pathogenic  micro-organisms,  especially  Bacillus  para- 
typhosus-B  (Schotmiiller)  and  the  bacillus  of  Gartner,  more  rarely 
B.  paratyphosus-A  (Schotmiiller).  These  micro-organisms  give  rise 
to  ptomaines,  which  cause  symptoms  of  irritant  poisoning  (kreo- 
toxismus),  which  may  be  so  severe  as  to  resemble  those  of  cholera. 
The  treatment  is  to  remove  the  poison  by  emetics  if  necessary  and 
purgatives,  in  the  meanwhile  keeping  up  the  heart's  action  by 
means  of  warm  applications,  stimulants,  and  cardiac  tonics.  When 
collapse  sets  in,  saline  hypodermic  injections  should  be  given.  As 
soon  as  the  acute  symptoms  subside,  the  bowel  should  be  disinfected 
with  small  doses  of  calomel,  salol,  or  naphthol. 

2.  VEGETAL  FOOD  POISONING. 

Sitotoxismus,  or  vegetal  food  poisoning,  is  caused  by  many  kinds 
of  vegetal  food,  and  ought  to  be  weU  known,  but,  unfortunately,  is 
by  no  means  on  a  scientific  basis  in  the  tropics. 

Ergotism,  well  known  in  the  temperate  regions,  is  not  important 
in  the  tropics  ;  but,  on  the  other  hand,  there  is  lathyrism,  believed 
to  be  due  to  Lathyrus  sativus,  and  other  species  of  the  same  genus— 
loliismus,  due  to  Lolium  temulentum  ;  and  paspalismus,  due  to 
Paspalum  scrohiculatum — which  are  known  to  occur  in  India.  Less 
known  is  atriplicismus,  which  is  described  in  China. 

Kirke  has  drawn  attention  to  poisoning  by  Cystisus  cadjan,  by 
which  he  probably  means  Dolichus  catjana  (Linne),  named  VigM 
catjang  (Walp)  by  Dragendorff,  and  also  by  Dolichos  filosa  (Klein), 
which  is  the  same  as  Vigna  filosa  (Savi),  both  of  which  are  used  as 
foods.  With  regard  to  the  former,  the  native  name  of  which  is  urhui 
or  toar,  he  says  it  mainly  affects  the  poorer  classes,  as  they  do  noi 
remove  the  outer  skin  before  eating  it.  The  symptoms  in  the  ordei 
of  appearance  are  as  follows : — Urticaria,  sense  of  heat  in  th( 
stomach,  redness  of  the  lining  membrane  of  the  mouth,  apparent 
elongation  of  the  teeth  (by  this  must  be  meant  shrinking  of  th( 
gums),  discoloration,  bronzing  of  the  skin,  sponginess  of  the  nails 
burning  of  the  hands  and  feet,  a  dry,  harsh,  cracked  condition  o 
the  cuticle  of  the  hands  and  feet,  and  deep  longitudinal  cracks  ii 
the  heels.  Rheumatic  pains,  with  thickening  of  the  periosteum 
especially  of  the  shins,  and  changes  in  the  joints  are  also  noticed 
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DoUchos  filosa,  called  oordh  dal,  is  said  by  Kirke  to  be  poisonous 
only  if  eaten  with  the  husks,  when  it  causes  cohc,  indigestion,  and 
as  secondary  results  rheumatic  pains,  harshness,  and  dryness  of  the 
skin,  with  cracks.  It  is  said  to  be  a  staple  article  of  food  among  all 
classes,  except  the  highest  and  the  lowest. 

Lathyrismus. 

Synonyms: — Platterbsenkrankheit  (Ger.);  Meurd  Djilben  (Algeria), 
Latirismo  (It,). 

Definition. — Lathyrismus  is  an  intoxication  caused  by  the  inges- 
tion of  Lathyrus  sativus  Linnaeus  and  other  species  of  the  same 
genus,  and  characterized  by  symptoms  of  spastic  paraplegia. 

History. — It  is  believed  that  Hippocrates  was  acquainted  with 
the  disease,  because  he  mentions  that  people  at  Ainos  who  fed  con- 
tinually on  pulse  suffered  from  weakness  in  the  legs.  In  1671  the 
Grand-Duke  of  Wiirtemberg  issued  an  edict  forbidding  the  eating  of 
bread  made  from  vetch-seeds,  as  it  had  been  noticed  that  those 
who  ate  such  bread  suffered  from  a  peculiar  stiffness  of  their  legs, 
although  they  seldom  died.  In  1784  an  epidemic  was  recorded  in 
Tuscany,  when,  through  scarcity  of  food,  the  people  were  compelled 
to  eat  chick-peas.  Tozzetti,  while  studying  this  epidemic,  came 
to  the  conclusion  that  only  the  people  who  had  for  at  least  three 
months  eaten  bread  made  of  two  parts  chick-pea  to  one  part  of  rye 
or  wheat  became  ill.  He  then  planted  some  of  the  chick-pea  seeds, 
and,  when  they  grew  up,  identified  them  as  Lathyrus  sativus  (L.). 
In  1834  Desparanches  came  to  the  conclusion  that  the  seat  of  the 
lesion  was  in  the  lumbar  cord.  In  1833  the  disease  was  first 
recognized,  in  India  in  the  Sangor  territories,  where,  on  account  of 
three  siiccessive  famines  in  1829-31,  the  people  were  compelled  to 
eat  vetches,  which  are  called  kesari  dal,  or  teori.  Outbreaks  took 
place  in  Sind,  Chota  Nagpur,  the  Central  Provinces,  and  in  the 
Himalayas.  It  apparently  became  very  prevalent,  for  Irving  says 
that  in  one  district  6  per  cent.,  and  in  another  3-19  per  cent.,  of  the 
inhabitants  were  affected.     It  still  exists  in  India. 

Climatology. — ^The  disease  depends  upon  social  rather  than 
climatic  conditions,  for  people  will  not  eat  the  vetches  unless  com- 
pelled by  famine.     It  is  known  in  India,  Algiers,  Italy,  and  France. 

ffitiology. — ^There  appears  to  be  a  consensus  of  opinion  that  the 
disease  is  due  to  eating  bread  composed  largely  of  flour  obtained 
from  seeds  of  some  species  of  Lathyrus  belonging  to  the  natural 
order  Leguminosae.  The  species  most  commonly  suspected  is 
Lathyrus  sativus  Linne,  which  grows  in  India ;  but  L.  cicera  L.  (red 
vetch),  L.  clymemtm  L.  (Spanish  vetch),  L.  fuberosus,  and  L.  aphaca 
have  all  been  regarded  as  possible  causes.  It  is,  however,  by  no 
means  evident  what  substance  or  substances  in  these  plants  cause 
the  symptoms.  Teilleux  obtained  a  resin  which  caused  tetanic 
spasms  and  paralysis  of  the  posterior  limbs  in  rabbits.  Bourliei 
obtained  an  extract  which  killed  birds  and  frogs.      Asher  obtained 


from  L.  cicera  a  volatile  alkaloid,  which  he  called  lathyrin,  which 
was  doughy  in  consistence,  alkaline,  insoluble  in  water,  slightly 
soluble  in  ether,  soluble  in  chloroform,  and  which  on  evaporation 
formed  needles ;  but  he  did  not  perform  any  experiments  with 
the  substance,  the  action  of  which  is  therefore  unknown.  It  is 
believed  by  some  that  Lathyrus  is  not  poisonous  unless  the  seeds 
ai;e  decomposed  or  contain  some  parasitic  growth,  while  others 
hold  that  the  symptoms  are  not  due.  to  Lathyrus  at  all,  but  to 
Agrostemma  githago  (the  corn-cockle)  or  Lolium  temulentum  (the 
darnel). 

Animals  are  by  no  means  immune  from  the  baneful  effects  of  the 
plants,  for  ducks  become  paralyzed  and  may  die  after  eating  the 
seeds  ;  while  pigs  and  horses  also  suffer,  the  latter  showing  acute  or 
chronic  symptoms  which  are  said  more  or  less  to  correspond  to 
lathyrismus.  On  the  other  hand,  bullocks  and  buffaloes  are  con- 
sidered to  be  immune. 

The  great  predisposing  cause  in  man  is  scarcity  of  food,  whether 
due  to  famine  or  poverty,  both  of  which  compel  the  unfortunate 
people  to  eat  vetches  instead  of  ordinary  food.  If  the  disease  is 
brought  about  by  famine,  it  may  assume  epidemic  proportions ;  if 
by  poverty,  it  may  be  simply  endemic.  Young  people  are  more 
liable  to  be  poisoned  than  old  persons,  and  men  more  than  women, 
perhaps  because  they  eat  more  food. 

Morbid  Anatomy. — ^The  pathology  and  morbid  anatomy  need 
investigation.  When  this  is  done,  it  is  probable  that  some  lesion 
of  the  pyramidal  tracts — i.e.,  of  the  upper  motor  neurones — ^will  be 
found. 

Symptomatology. — ^The  incubation  period  is  not  known,  and  the 
disease  comes  on  so  insidiously  that  the  patient  often  attributes  it 
to  a  chill  which  he  may  have  experienced  a  day  or  so  previously. 

Prodromata  are  often  said  to  be  absent,  though  it  is  more  prob- 
able that  digestive  disturbances,  colicky  pains,  and  diarrhoea  do 
occur,  but  pass  unnoticed. 

One  of  the  first  s5miptoms  to  arise  is  pain  in  the  back  and  weak- 
ness in  the  legs,  which  increase  until  symptoms  of  spastic  paraplegia 
appear.  The  patient  now  complains  of  girdle  sensations,  and  walks 
with  difficulty.  The  gait  is  characteristic,  for  the  feet  are  turned 
slightly  inwards,  and  are  dragged  or  raised  with  difficulty  from  the 
ground.  The  joints  appear  so  weak  that  it  is  difficult  to  proceed 
any  distance  without  falling,  while  the  body  has  a  peculiar  up  and 
down  motion.  There  is  no  ataxy,  and  no  vasomotor  phenomena, 
but  the  legs  waste  very  much.  The  arms  are  not,  as  a  rule, 
involved,  though  the  hands  may  tremble.  The  superficial  and 
deep  reflexes  are  increased,  and  ankle  clonus  is  present.  The 
electrical  excitability  of  the  affected  muscles  is  diminished,  but  the 
reaction  of  degeneration  is  absent.  Incontinence  of  urine  and  impo- 
tence are  early  and  common  symptoms.     The  mind  is  unaffected. 

The  disease  does  not  itself  end  fatally,  but  a  definite  improve- 
ment is  seldom  seen  except  in  incipient  cases. 
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Diagnosis. — Lathyrism  must  be  distinguished  from  ergotism  by 
the  absence  of  gangrene,  from  beri-beri  by  the  absence  of  implica- 
tion of  the  peripheral  nerves  and  the  heart,  and  the  absence  of 
dropsy. 

Prognosis. — The  disease  itself  is  not  fatal. 

Treatment. — Mild  cases  may  be  considerably  benefited  by  being 
given  good  food  and  warm  clothing,  together  with  counter-irrita- 
tion to  the  spine,  and  bromide  of  potassium  internally  in  15-grain 
doses  three  time  a  day.     Strychnine  is  harmful. 

Prophylaxis. — ^The  only  possible  prophylaxis  is  the  distribution 
of  good  food  to  the  poor  in  times  of  famine. 

Loliismus. 

Loliismus  is  an  intoxication  caused  by  the  ingestion  of  the  seeds 
of  Lolium  temulentum  Linne  in  bread. 

History. — Loliismus  has  beeii  known  since  Roman  times,  and  is 
said  by  Orfila  to  have  occurred  in  Genoa  during  the  blockade  of 
the  year  1800.  Kingsley  of  Roscrea  described  an  outbreak  in 
1854,  in  which  thirty  persons  suffered  severely.  Similar  cases 
have  been  reported  in  India  from  the  Punjaub,  where  the  herb 
is  called  mostaki,  and  from  the  North-West  Provinces,  where  it  is 
called  moschni. 

etiology. —The  exact  method  by  which  Lolium  temulentum 
causes  disease  is  not  known.  Dr.  Cordier  experimented  on  himself 
by  taking  6  drachms  of  the  seeds  early  one  morning,  and  asserts 
that  the  result  was  inability  to  think,  indistinct  vision,  torpor, 
debility,  and  drowsiness,  followed  by  efforts  to  vomit,  and  later  by 
tremors  of  the  limbs,  great  depression,  difficulty  of  speech,  and 
vomiting.  Bley  separated  a  bitter  principle,  which  he  called  loliin, 
but  the  action  of  this  does  not  appear  to  have  been  investigated 
properly.  Freeman  states  that  the  seeds  owe  their  poisonous  pro- 
perties to  an  associated  symbiotic  fungus,  which  he  carefully  de- 
scribes, and  says  that  it  is  probably  identical  with  that  found  in 
other  species  of  Lolium.  He  says  that  it  is  a  disputed  point  how 
far  ergot  and  other  fungi  may  be  concerned  in  the  production  of 
the  disease. 

Climatology. — It  occurs  in  the  Punjaub  and  the  North- West 
Provinces  of  India,  and  in  Europe. 

Pathology  and  Morbid'  Anatomy. — Not  known. 

Symptomatology. — ^The  affected  persons  become  very  giddy,  and 
stagger  about  as  though  drunk,  and  at  the  same  time  suffer  from 
violent  tremblings  in  the  arms,  legs,  and  tongue,  impairment  of 
vision  with  dilated  pupils,  green  vision,  great  prostration,  and  in 
some  cases  vomiting.  Sometimes  there  is  a  sense  of  burning  heat 
in  the  mouth  and  throat,  and  a  small  irregular  pulse. 

Diagnosis. — ^The  diagnosis  may  be  effected  by  considering  the 
symptoms  and  examining  the  bread,  when  the  starch  granules  of 
Lolium  may  be  seen. 
■Prognosis. — The  disease  does  not  end  fatally. 


Treatment. — Castor  oil  must  be  given  to  remove  the  poison,  and 
at  the  same  time  stimulants  must  be  used  to  counteract  the  col- 
lapse. 

Prophylaxis. — Bread  should  not  be  made  with  the  seeds  of  Lolium 
temulentum. 

Paspalismus. 

Paspalismus  is  an  intoxication  caused  by  eating  bread  made  from 
flour  derived  in-  part  from  the  seeds  of  Paspalum  scrobiculaimAi 
Linne. 


Fig.  21. — Paspalum  scrobiculatum  LiNN.ajus. 
Seeds  show  separately  at  the  top  of  the  illustration. 

History. — Poisoning  by  Paspalum  scrobiculatum  occurs  in  India, 
where  it  was  reported  as  far  back  as  1879,  and  probably  was  known 
earlier. 

etiology. — Some  authorities  doubt  the  genuineness  of  this  disease, 
for,  as  Waddell  points  out,  the  symptoms  are  so  like  loliismus 
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that  it  is  quite  possible  that  some  mistake  may  be  made  as  to  the 
causation. 

Two  varieties  of  Paspalum  scrobiculaium  are  known  in  India — 
viz.,  the  sweet,  which  is  called  '  pechadi,'  or  '  goraharik,'  and  is  said 
to  be  wholesome  ;  and  the  bitter,  which  is  called  '  dhome,  majara 
harik'  or  'mana  kodra,'  and  is  considered  to  be  poisonous. 
The  poison  appears  to  reside  for  the  most  part  in  the  testa,  but 
the  exact  poisonous  principle  is  not  known.  Barry  points  out  that 
the  seed  is  liable  to  the  attacks  of  fungi,  and  that  perhaps  the 
poisoning  is  really  due  to  these  parasites.  It  is  clear  that  the  whole 
subject  requires  revision. 

Symptomatology. — ^The  symptoms  are  vertigo,  impairment  of 
vision,  apparent  intoxication,  muscular  tremors,  feeble  pulse,  cold 
clammy  skin,  dysphagia,  delirium,  narcosis,  ending  at  times  in  death. 

Diagnosis. — ^This  must  be  mainly  from  poisoning  due  to  Lolium, 
which  can  only.be  done  by  making  inquiries  as  to  the  seeds  from 
which  the  flour  is  prepared. 

Prognosis. — ^This  appears  to  be  on  the  whole  good,  though  fatal 
cases  have  been  recorded. 

Treatment. — Similar  to  loUismus. 

Prophylaxis. — Avoid  the  seeds  of  the  grass  in  making  flour. 

Atriplicismus. 

Atriplicismus  (Matignon,  1898)  is  an  intoxication  said  to  be  caused 
by  the  ingestion  of  certain  species  of  Atriplex  (Linne),  especially 
Atriplex  littoralis  L.  and  A.  angustissima  vel  serrata. 

History. — Atriplicismus  was  first  described  by  Matignon  in  North 
China  (Pekin)  in  1898,  but  he  leaves  the  subject  open  to  some  doubt. 

Climatology. — ^The  disease  is,  as  far  as  is  known,  confined  to  China. 

.Sltiology. — In  some  way  the  disease  is  connected  with  Atriplex 
serrata  (Chenopodiacese),  which  grows  as  a  weed  in  the  courts, 
gardens,  and  along  the  walls  of  the  houses  of  Pekin,  and  is  eaten 
by  very  poor  people  either  uncooked  or  as  a  pancake. 

It  is  said  never  to  be  poisonous  if  well  washed,  and  if  the  red 
leaves  are  picked  out.  But  Matignon  drew  attention  to  the  fact 
that  a  small  insect  of  a  greenish-yellow  colour  is  found  on  the  plant. 
It  is  possible  that  the  disease  may  be  due  to  this  insect,  because 
Megnin  found  that  Holothyrus  coccinella  Gervais,  a  mite  found  in 
Mauritius  and  the  Malay  Archipelago,  causes  severe  inflammation 
of  the  part  touched.  This  insect  may  be  carried  by  the  hand  to  the 
mouth.  Laveran  thinks  that  the  people  get  the  thumb  and  forefinger 
infected  while  plucking  the  herb,  and  that  it  is  by  the  hand  that  the 
disease  is  carried  to  the  mouth.  The  tetiology  is,  therefore,  extremely 
doubtful,  and  it  may  be  either  an  animal  or  a  vegetal  poisoning. 
p.  The  predisposing  cause  is  scarcity  of  food,  which  compels  the 
poorer  classes  to  use  some  substitute  for  the  usual  cereals.  Hence 
in  Pekin  in  1895,  while  the  Japanese  War  was  proceeding,  there 
were  a  number  of  cases  among  beggars.  Women  suffer  more  than 
men,  and  the  young  and  the  old  are  specially  attacked. 


Morbid  Anatomy. — ^The  pathology  and  morbid  anatomy  are  quite 
unknown. 

Symptomatology. — Tiie  disease  begins  suddenly  without  prodro- 
mata,  some  ten  to  twenty  hours  after  the  plant  has  been  eaten. 
The  tips  of  the  fingers  and  the  back  of  the  haiids  begin  to  itch, 
though  sometimes  the  irritation  may  be  at  first  limited  to  the  thumb 
and  forefinger.  The  affected  parts  soon  become  painful,  swollen, 
cyanosed,  and  cold,  while  the  pain  and  swelling  spreads  up  the 
hands  on  to  the  forearms.  The  face  and  eyelids  itch,  and  in  due 
course  become  swollen,  and  the  nose  becomes  cyanosed  and  cold. 
Sensibility  to  touch  is  diminished  in  the  affected  parts,  but  much 
increased  to  heat  and  to  the  sun's  rays.  Bullae  and  ulcers  may 
appear  on  the  affected  parts,  the  latter  often  giving  rise  to  keloid 
scars.  There  is  considerable  itching.  Ecchymoses  may  appear  in 
various  parts  of  the  body.  Gangrene  of  the  fingers  may  also  occur. 
The  general  health  of  the  patient  is  not  much  affected. 

Diagnosis. — Atriplicismus  may  require  to  be  diagnosed  from 
Raynaud's  disease  and  erythromelalgia,  but  there  should  be  no 
difficulty,  because  in  the  former  there  is  no  oedema,  and  in  the 
latter  there  is  redness  as  well  as  oedema. 

Treatment. — ^The  treatment  is  symptomatic,  and  consists  in 
applying  anodynes  and  cold  compresses  locally,  and  giving  purga- 
tives and  disinfectants,  such  as  salol,  internally.  Good  food  and 
good  hygiene  are  also  requisite. 

Prophylaxis. — ^The  aetiology  must  be  settled  before  definite  rules 
for  prophylaxis  can  be  given. 
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CHAPTER  VIII 

TROPICAL  INTOXICATIONS  {continued)— 
VENOMOUS  ANIMALS 

Protozoa — Coelenterata — Echinodermata — Platyhelmia — Nemathelminthes — 
Arthropoda — Arachnida  —  Scorpionidea — Aranea  — Acarina — CMlopoda 
— Hexapoda  —  Siphunculata  —  Hemiptera — Hymenoptera — Lepidoptera 

J        — Diptera — Coleoptera — MoUusca. 

VENOMOUS  ANIMALS. 

Many  species  belqnging  to  the  various  classes  and  orders  of  the 
animal  kingdom  possess  glands  which  secrete  chemical  substances 
injurious  to  man  and  the  higher  animals.  The  exact  nature 
of  these  chemical  substances  is  but  little  understood  at  present, 
though  of  late  years  much  advance  has  been  made  in  the  knowledge 
of  their  action,  which  seems  to  be  of  a  nature  similar  to  that  ol 
bacterial  toxins. 

It  will  be  best  to  consider  these  venomous  animals  in  the  ordei 
of  their  zoological  classification. 

PROTOZOA. 

Rosenau  and  his  collaborators  have  recently  succeeded  in  pro- 
ducing a  malarial  paroxysm  in  a  healthy  man  by  injecting  blood- 
serum  taken  from  a  malarial  patient  during  the  cold  stage  of  the 
fever,  and  previously  filtered  through  a  Pasteur-Chamberland  filter, 
Casagrandi  and  De  Blasi  have  also  described  a  haemolytic  toxin, 
concerning  which  more  will  be  said  when  malaria  is  discussed. 

Laveran  and  Mesnil  have  shown  that  Sarcocystis  tenella  produces 
a  toxin,  sarcocystin,  of  which  o-i  milligramme  will  kill  i  kilogramme 
of  rabbit  with  choleraic  symptoms,  while  a  less  dose  will  produce 
fatal  cachexia.     It  is,  however,  less  toxic  to  other  animals. 

COELENTERATA. 

The  Coelenterata  include  anemones,  corals,  and  jelly-fishes,  whicl 
are  capable  of  stinging  by  means  of  certain  special  cells  called  cnido- 
blasts,  which  enclose  nematocysts — i.e.,  little  sacs — the  invaginatec 
neck  of  which  is  continued  into  a  long,  hollow,  spirally  coiled  fila 
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ment,  surrounded  with  poisonous  fluid.  When  stimulated,  these 
cysts  explode,  and  the  filament  is  ejected  and  pierces  the  skin  of  the 
animal  attacked,  and  so  introduces  the  poison. 

Zoantharia. — Stings  from  anemones  cause  itching  and  burning  and 
skin  eruptions.  In  its  worst  form  this  is  exhibited  in  la  maladie  des 
plongeurs  (picheurs  d'eponges)  of  the  Mediterranean.  According  to 
Dr.  Skevos  Zervos,  the  first  symptoms  are  itching  and  intense  burning 
in  the  place  where  contact  with  the  anemone  has  taken  place.  A 
papule  then  appears,  surrounded  by  a  area,  which  at  first 
is  red,  but  may  become  blue  and  finally  black,  and  may  spread  over 
the  surrounding  skin  to  a  distance  proportional  to  the  virulence  of 
the  poisoning.  The  skin  sloughs,  and  leaves  a  suppurating  ulcer. 
Dr.  Zervos  has  produced  the  symptoms  of  this  disease  in  a  dog 
by  rubbing  an  actinia  held  in  a  forceps  along  its  abdomen. 

C.  Richet  has  separated  two  poisonous  principles  from  Anemone 
scultatus — viz.,  thalassin  and  congestine.  .Thalassin  is  not  very 
toxic,  producing  cutaneous  redness,  intense  congestion  of  mucous 
membranes,  pruritus,  and  sneezing.  Congestine  is  much  more  viru- 
lent than  thalassin,  for  a  dose  of  2  milligrammes  per  kilogramme 
will  kill  a  dog  in  twenty-four  hours.  Thalassin  is,  however,  antago- 
nistic to  congestine,  for  a  dog  inoculated  with  the  former  will  resist 
an  otherwise  mortal  dose  of  the  latter. 

The  application  of  fat  to  the  skin  is  said  to  be  a  preventative  to 
the  venomous  action  of  the  anemone. 

Millepora. — Jones  has  described  an  acute  erythema,  with 
severe  pain,  followed  by  papules,  pustules,  and  desquamation, 
as  the  result  of  stings  by  the  hydroids  of  the  hydrocoralline  mille- 
pores  {Millepora  alcicornis,  M.  complanata,  and  M.  verrucosa)  in 
Malaya,  where  the  corals  are  known  as  '  Karang  gatal,'  or  itchy 
corals. 

Trachymedusae.— The  jelly-fishes  of  European  waters,  such  as 
Rhizosioma  pulini  of  the  Mediterranean  and  R.  cuvieri  of  the 
English  Channel,  are  well  known  to  cause  local  redness,  swelling, 
and  urticarial  eruptions. 

The  jelly-fishes  of  the  tropics  produce  the  same  symptoms,  but 
with  greater  severity.  The  pain  is  agonizing,  and  there  is  collapse, 
with  local  swelling  and  redness. 

The  treatment  is  to  give  stimulants  internally,  and  to  apply 
alkalis,  such  as  dilute  ammonia,  to  the  affected  area.  Usually 
recovery  is  quick,  and  there  are  no  after-effects. 

Meyer  describes  a  case  of  poisoning  due  to  the  well-known 
Physalia  pelagica  (the  Portuguese  man-of-war),  in  which  there  was 
severe  inflammation  and  fever.  A  similar  case  caused  by  Cyanea 
capillata  has  been  recorded  by  Forbes. 

Porter  and  Richet  obtained  a  liquid  from  Physalia  containing  an 
active  principle,  hypnotoxin,  which,  when  injected  into  animals, 
caused  somnolence  and  finally  death,  due  to  cessation  of  respiration. 


laia  zo  cause  innammauon  oi  tne  SKin,  ana,  it  any  ol  ttie  secretion  gets  into 
:he  eye,  even  blindness. 

PLATYHELMIA. 

Dihothriocephalus  latus,  which  causes  a  profound  anemia,  is  sus- 
pected to  secrete  some  form  of  poison,  and,  indeed,  this  theory  is 
;upported  by  certain  experiments  of  Schaumann  and  Tallquist. 
These  investigators  found  that  if  the  worms  were  subjected  to 
xyptic  digestion,  and  then  mixed  with  food  and  given  to  dogs  by 
;he  mouth,  or  extracted  with  normal  salt  solution  and  injected 
lypodermically,  an  exhaustion  which  ended  in  death  was  some- 
:imes  produced.  In  one  case  there  was  a  great  reduction  of  the 
•ed  blood-corpuscles.     Rabbits,  however,  were  not  affected. 

TcBtiia  saginata  has  been  investigated  by  Messineo  and  Calamida, 
yho  consider  that  they  have  found  evidence  of  the  presence  of  a 
joison  which  can  be  obtained  by  pulverizing  the  taenia  with  sand 
ind  extracting  with  normal  saline  solution.  This  extract  was  then 
iltered  and  injected  into  animals,  but  the  symptoms  were  not 
;haracteristic.  Picou  and  Ramond  consider  that  the  extracts  they 
)btained  showed  a  decided  bactericidal  action. 

On  the  other  hand,  the  rupture  of  an  echinococcus  cyst  is  well 
cnown  to  produce  symptoms  of  poisoning,  but  the  chemical  nature 
)f  the  poison  is  not  known.  The  symptoms  in  man  are  urticaria, 
f  the  dose  is  small ;  peritonitis,  and  severe  cardiac  symptoms,  leading 
:o  fatal  collapse,  if  the  dose  is  large.  Injected  into  animals,  the 
iquid  acts  as  a  cardiac  poison,  causing  death  by  stoppage  of  the 
leart  in  diastole,  together  with  various  other  symptoms,  such  as  a 
all  of  the  blood-pressure  and  temperature. 

NEMATHELMINTHES. 

Ascarides  produce  a  volatile  body  with  a  peculiar  and  disagreeable 
)dour,  very  irritating  to  the  mucous  membranes,  especially  to  the 
;onjunctiva.  This  odour  is  most  noticeable  in  making  post-mortems 
ipon  persons  suffering  severely  from  these  worms.  Arthus  and 
!)hanson  have  injected  rabbits  with  the  liquid  squeezed  out  of  living 
luman  ascarides,  and  produced  collapse  and  death  within  ten 
ninutes  of  a  dose  of  2  c.c. 

Cattaneo  obtained  a  substance  toxic  to  guinea-pigs  by  allowing 
Lscarides  to  live  in  sterile  broth.  Cao,  Jammes,  Mandoul,  and 
Boycott,  however,  failed  to  obtain  any  evidence  of  the  toxicity  of 
iscarides. 

9-2 
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With  regard  to  Agchylostoma  duodenale,  there  has  been  much 
discussion  as  to  whether  it  produces  a  toxin  or  not.  The  experi- 
ments of  Whipple  and  Preti  seem  to  establish  the  presence  of  a 
haemolytic  principle  in  the  alimentary  canal  of  the  worm,  and  those 
of  Loeb  and  Smith  of  a  principle  inhibiting  the  coagulation  of  the 
blood  and  secreted  by  the  cephalic  glands,  but  these  substances 
appear  to  be  of  importance  to  the  worm  for  the  purposes  of  digestion, 
and  not  to  be  of  sufficient  stre.ngth  to  act  upon  the  host.  According 
to  Alessandrini,  however,  the  cephalic  glands  secrete  a  true  toxin, 
The  evidence  which  has  been  gathered  together  points  also  to  the 
possibility  of  the  toxicity  of  the  agchylostomes  being  partly  due  to 
the  absorption  of  bacteria  or  their  products  into  the  circulation  of 
the  host  through  lesions  in  the  intestinal  mucosae  caused  by  the 
bites  of  the  worms. 

ARTHROPODA. 

The  Phylum  Arthropoda  includes  a  large  number  of  types,  which 
are  characterized  by  their  capabihty  of  stinging. 

I.  Arachnida. 

The  class  Arachnida  includes  among  its  orders  the  Scorpionidea, 
or  scorpions,  the  Aranea,  or  spiders,  and  the  Acarina,  or  mites  and 
ticks,  many  of  which  are  venomous. 

1.  Scorpionidea. 

Scorpions  abound  in  the  tropics,  where  they  grow  to  a  large  size, 
and  are  much  feared  because  of  the  poisonous  properties  of  their 
sting.  The  method  of  striking  is  to  bring  the  tail  forward  over  the 
body  of  the  scorpion,  so  that  the  curved  spine  on  the  last  segment 
(telson)  of  the  tail  penetrates  into  the  skin  and  inflicts  the  wound. 
On  either  side  of  this  curved  barb  is  an  opening  through  which  the 
duct  from  a  poison  gland  discharges  the  venom. 

It  is  probable  that  the  poison  of  different  kinds  of  scorpions 
differ  qualitatively  and  quantitatively,  but  on  this  subject  little  is 
known.  Certainly  the  sting  of  the  small  European  scorpion 
{Euscorpius  europcBus)  has  but  slight  action,  causing  only  local  pain, 
redness,  and  swelling,  while  the  larger  one  of  South  Europe  (Buthns 
occitanus)  causes  severe  pain  and  phlegmonous  swelling  of  the  whole 
extremity,  and  such  remote  symptoms  as  vomiting,  faintness, 
tremors,  and  cramps  in  muscles,  while  the  larger  tropical  species 
kill  not  merely  children,  but  even  men.  According  to  Cararoz, 
as  many  as  200  persons  die  annually  from  scorpion-sting  in  the 
neighbourhood  of  Durango  in  Mexico.  In  Africa  scorpion-stings 
are  of  frequent  occurrence,  but  death  is  rare. 

Historical. — Maupertius  in  173 1  and  Redi  in  1779  appear  to  have 
been  the  first  to  study  the  effects  of  scorpion-venom  by  experiments, 
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though  the  ancients  were  well  acquainted  with  the  sting  and  its 
effects,  and  had  woven  wonderful  legends  as  to  the  origin  of  these 
inimals  Redi  experimented  upon  a  pigeon  and  a  dog,  but  the  real 
study  of  the  venom  began  with  Guyon  1864,  Paul  Bert  1865,  Delange 
1866,  and  Valentin  m  1876,  and  was  foUowed  up  by  Joyeux-Laffine 
in  1883  and  many  others.  A  full  literature  is  given  in  Faust's 
'DieTierischenGifte.' 

Geographical — Scorpions  occur  all  over  the  world,  but  the  largest 
and  most  dreaded  are  found  in  the  tropics.  They  live  under  stones, 
under  the  bark  qf  trees,  in  sand,  and  also  in  houses,  which  they 
leave  at  dusk.     Some  of  the  best  known  are  : 

1.  Euscorpius  europcBus  (3 
to  3 '5  centimetres  long) :  Italy, 
Tyrol,  South  France. 

2.  Buthus  occitanus  Amour 
(8 '5  centimetres  long)  :  Italy, 
Greece,  Spain,  North  Africa. 
,  3.  Buthus  afer  Leach  (16 
centimetres  long)  :  Africa, 
Asia. 

4.  Buthus  quinquestriatus 
Hemps  and  Ehrenbg. :  Upper 
Egypt  and  the  Sudan. 

5.  Buthus  maurus  :  Egyjjt, 
Tunis. 

6.  Prionurus  citrinus : 
Desert  near  Cairo  and  Alex- 
andria. 

7.  Prionurus  amoureuni 
Savigny :  Sudan. 

i     8.  Androctonus  funestus 
Ehrenb.  (9  centimetres  long) 
North  and  Middle  Africa. 

9.  Heterometrus  maurus  . 
Tunis. 

Anatomical. — ^The  body  of 
the  scorpion  is  divided  into  a 
cephalo-thorax  or  prosoma,  behind  which  comes  an  abdomen  sub- 
divisible into  a  broader  portion,  or  mesosoma,  and  a  narrower,  meta- 
soma,with  five  segments,  which  is  popularly  called  the  tail.  At 
the  end  of  this  metasoma  there  is  a  postanal  curved  spine,  called 
the  telson,  inside  which  lies  the  paired  poison  gland.  The  appendages 
of  the  scorpion  are  :  i.  Small  three-jointed  chelicerae,  which  are  used 
for  holding  prey.  2.  Large  six-jointed  pedipalpi,  which  are  used 
for  seizing  prey.     3-6.  Four  pairs  of  seven-jointed  walking  legs. 

Scorpions  seize  their  prey  with  the  pedipalpi,  hold  them  close  to 
the  niouth  by  means  of  the  chelicerse,  and  sting  them,  if  necessary, 
by  bringing  the  metasoma  forwards  over  the  mesosoma  and  cephalo- 
thorax,  and  inserting  the  tip  of  the  telson  well  into  the  animal's 


Fig.  22. — Palam^us  indus. 
(A  scorpion  commonly  found  in  Ceylon.) 
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body,  and  allowing  it  to  remain  there  until  the  poison  has  had  time 
to  act.  The  telson  consists  of  two  portions— a  broad  swollen  part 
(the  ampulla)  and  a  narrow  portion  (the  spine),  near  the  extremity 
of  which  are  two  small  openings  for  the  escape  of  the  venom. 
The  two  poison  glands  lie  inside  the  ampulla,  one  on  each  side 
of  the  middle  line.  Each  gland  is  covered  with  a  sheet  of  muscle 
on  its  mesial  and  dorsal  aspects.  This  muscle,  which  is  called  by 
Wilson  '  the  compressor,'  is  inserted  by  its  edge  mesially  along  the 
ventral  inner  surface  of  the  wall  of  the  telson,  and  by  a  broader 
insertion  laterally.  The  compressor  muscle  squeezes  the  poison  out 
of  the  gland,  along  the  duct,  and  through  the  opening  in  the  spine 
into  the  victim.  The  epithelium  of  the  gland  shows  three  distinct 
types  of  cells— the  mucous  cell,  the  fine  oxyphile  granular  cell,  and 
the  cell  with  very  large  granules. 

The  Venom. — Scorpion-venom  is  a  clear,  faintly  acid  fluid  of  a 
somewhat  thick  or  oily  consistence,  and  possessed  of  an  extremely 
faint  yellowish  colour.  It  contains  no  structural  elements,  but 
crystals  form  in  it  if  evaporation  takes  place.  On  an  average  it 
contains  about  28  per  cent,  of  solids. 

Wilson  gives  the  following  figures  for  the  venom  of  Buthus  quin- 
questriatus  : 

Specific  gravity       . .  . .  . .  . .      1092 

Solids  . .  . .  . .  . .  . .         20'3  per  cent. 

Ash 8-4 

Proteids  form  part  of  the  solids,  and  it  is  believed  that  the  active 
principle  is  either  a  nucleo-proteid,  acid  albumin,  or  a  primary  pro- 
teose. The  effects  described  by  various  authors  would,  however, 
indicate  the  presence  of  toxins,  one  resembling  the  neurotoxin  of 
snake-venom,  and  another  a  hsemolysin,  for  Kyes  has  described  a 
typical  lecithide  producing  haemolysis  like  the  lecithides  of  cobra- 
venom.  Calmette  has  also  shown  that  the  venom  of  Buthus  occi- 
tanus  is  neutralized  by  cobra  antivenene.  There  would,  therefore, 
appear  to  be  some  resemblance  between  scorpion-venom  (or,  at  all 
events,  the  venom  of  Buthus  occitanus)  and  cobra-venom.  It  is,  how- 
ever, impossible  to  make  any  definite  statements,  as  the  condition 
of  our  knowledge  with  regard  to  this  poison  is  most  unsatisfactory. 

Joyeux-Laffine  thought  that  the  venom  first  increased  reflex 
action,  and  then  caused  pa.ralysis  of  the  nervous  system,  and  that 
death  was  due  to  a  curari-like  poisoning  of  the  end-plates  of  the 
respiratory  muscles  ;  but  Valentin  found  these  were  quite  intact, 
and  that  the  muscles  contracted  well  when  their  nerves  were  stimu- 
lated by  electrical  or  mechanical  stimuli. 

As  regards  the  action  on  the  blood,  coagulation,  haemorrhage  due 
to  change  in  the  capillary  walls,  and  haemolysis  have  been  observed, 
as  well  as  agglutination  of  the  red  corpuscles,  which  are  said 
to  form  viscous  masses,  and  thus  to  block  the  bloodvessels  by 
embolism. 

These  observations  were  made  by  Jousset  de  Bellesme  on  Lilk 
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a  frog  remarkable  for  its  lack  of  pigment,  and  therefore 
ly  suitable  for  such  a  purpose.  If  confirmed,  they  would 
;he  presence  of  fibrin  ferment,  haemorrhagins,  hemolysins, 
jglutinins  in  scorpion-venom,  and  would  make  it  resemble 
losely  snake-venoms.  Sanarelli,  however,  was  not  able  to 
e  any  change  in  the  red  cells  beyond  haemolysis,  which  he 
the  blood  of  fishes,  amphibia,  and  birds, 
onclusion,  we  may  therefore  assume  the  presence  of  a  neuro- 
acting  on  the  central  nervous  system,  and  the  presence  of 
ysins,  until  further  experiments  give  us  more  exact  informa- 

Imum  Lethal  Dose. — ^The  minimum  lethal  doses  for  dry  Buthus 

snom  is,  according  to  Calmette,  0-05  milligramme  for  white 

md  0'5  milUgramme  for  rabbits. 

t  the  venoin  must  be  very  toxic  for  small  animals  is  shown 

;  fact  that  the  minimum  lethal  dose  for  a  guinea-pig  is  o'l 

■amme  per  kilogramme,  which  gives  a  toxic  value  of  10,000,000 

'thus  quinquestriatus  ;  but,  as  may  be  imagined,  the  toxicity 

erent  venoms  varies  considerably,  and  the  difference  may  be 

erely  quantitative,  but  qualitative. 

icts  of  the  Venom. — It  must  be  remembered  that  the  venom 

merely  a  means  of  defence  for  the  scorpion,  but  it  is  also  the 

id  by  which  it  kills  its  prey,  which  usually  consists  of  small 

Is ;  and,  further,  that,  in  order  to  be  toxic,  the  venom  must 

scted  subcutaneously  or  intravenously,  for  by  the  mouth  it  is 

ess. 

en   experiments   are   performed   on   animals,   the  following 

;oms  appear : 

^ocal  irritation  and  pain. 

iluscular  twitchings,  chiefly  of  the  head  and  neck. 

'umping  movements. 

^achrymation. 

ncreased  orbital,  nasal,  and  salivary  secretions. 

iluscular  spasms,  especially  of  the  hind-limbs,  but  also  in  all 

3S. 

Erection  of  the  hairs. 

Passage  of  liquid  fseces  (often  absent). 

Irection  of  penis  and  emission  of  semen. 

venom  of  Heterometrus  maurus  causes  death  in  small  birds 
L  two  minutes  to  half  an  hour  from  failure  of  the  respiration, 
venom  of  a  scorpion  is  placed  on  the  conjunctiva  of  a  rabbit, 
t  ophthalmia  results. 

nan,  the  s57mptoms  depend  upon  the  size  and  nature  of  the 
on.  Thus,  the  sting  of  the  small  (3^  centimetres)  Euscorpius 
BUS  causes  only  pain,  redness,  and  local  swelling,  whereas  the 

tropical  scorpions  cause  very  intense  pain'  of  a  burning 
;ter  radiating  from  the  skin,  associated  often  with  violent  con- 
ns, mental  disturbance,  and  hallucinations,  profuse  perspira- 
md  secretion  of  saliva,  and  perhaps  vomiting.     The  pulse  is 
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weak  and  quick,  and  the  respirations  hurried  and  shallow.  These 
symptoms  gradually  diminish  in  three  to  eight  hours,  and  by  about 
nineteen  to  twenty-four  hours  the  person  is  usually  normal.  This, 
however,  is  not  always  so,  for  death  may  ensue  due  to  collapse 
or  stoppage  of  the  respiration,  effects  which  are  more  likdy  to 
happen  in  small  children  than  in  adults.  Thus,  Wilson  states 
that  the  mortality  in  children  under  five  is  60  per  cent,  for  Buthus 
quinquestriatus,  but  the  mortahty  diminishes  as  the  age  increases. 
Of  course  this  is  simply  due  to  the  greater  dilution  of  the  poison  in 
the  body  of  the  adult. 

In  addition  to  the  above  symptoms,  some  authors  have  described 
trismus,  but  it  is  probably  due  to  infection  with  the  bacillus  of 
tetanus.  The  erection  of  the  penis  noted  in  experiments  on  animals 
has  been  seen  in  man  by  Delange  and  Guyon  in  Algeria.  A  paralysis 
of  the  lingual  and  hypoglossal  nerves  has  been  noted  by  Posada- 
Arango.  Lymphangitis  and  adenitis  are  described  as  part  of  the 
local  effect  of  the  sting. 

The  above  symptoms  would  indicate  the  action  of  a  neurotoxin 
acting  upon  the  nervous  system,  and  causing  first  of  all  increased 
reflex  action  and  convulsions,  and  later  paralysis  of  the  medullary 
nuclei;  for  if  Valentin's  observations  are  correct,  there  are  no 
paralyses  of  the  motor  nerve-endings. 

Effect  on  the  Scorpion. — At  the  present  time  it  is  not  believed 
that  a  scorpion  commits  suicide  when  in  difficulties  by  stinging 
itself  in  the  head  with  its  own  sting,  because,  though  not  absolutely 
immune  to  its  own  venom,  it  possesses  a  high  degree  of  immunity 
against  it.  Accidental  but  not  intentional  wounding  of  an  indi- 
vidual by  its  own  sting  is  said  to  be  known. 

Immunity. — A  natural  immunity  exists  in  the  jerboa  (Jaculus 
jacilis)  and  in  the  desert  rat  (Gerbilis  pyramidis) ,  and  a  partial 
immunity  in  the  zerUla  [Idoijix  libyca). 

According  to  Balfour,  fakirs  at  times  possess  an  acquired  im- 
munity, but  this  has  not  so  far  been  obtained  in  any  animal.  Cal- 
mette  has  reported  that  the  serum  of  a  horse  immunized  against 
cobra-venom  can  neutralize  the  venom  of  Buthus  occitanus — a  fact 
which  Metchnikoff  has  confirmed  ;  but  NicoUe  and  Catouillard  have 
found  this  serum  useless  against  the  venom  of  the  Tunis  scorpion 
[Heterometrus  maurus). 

Diagnosis. — ^The  history  of  the  case  and  the  single  puncture  on 
the  affected  part  makes  the  diagnosis  generally  easy. 

Prognosis. — If  an  adult  is  stung,  the  prognosis  is  good,  as  death 
is  known  to  be  rare,  but  not  so  in  children.  The  prognosis,  there- 
fore, varies  with  the  age,  and  can  be  judged  by  the  following  table 
from  Bray,  quoted  by  Wilson,  which  gives  the  deaths  at  Omdilrman 
in  1902  as  follows  : 

Under  one  year         . .  . .  . .  . .  . .       5 

One  to  five  years       .  .  . .  . .  . .  . .        9 

Five  to  fifteen  year  . .  .  .  . .  . .  . .        7 

Total        21 
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iths  of  adults,  however,  are  known,  but  generally  take  place 
ew  days,  not  quickly. 

atment. — ^The  most  reasonable  treatment  is  to  apply  a  proximal 
re,  and  to  excise  and  treat  the  wound  with  permanganate  of 
h,  as  described  under  the  heading  of  Snake-Bite, 
shing  and  bathing  with  a  weak  solution  of  ammonia  may  also 
ed,  and  stimulants  should  be  given. 

onel  Duke  recommends  that  5  to  10  minims  of  a  5  per  cent, 
on  of  cocaine  be  injected  subcutaneously  close  to  the  sting  in 
iult,  and  I  to  5  minims  in  infants  and  children.  Eucaine  or 
ine  might  be  preferable,  and  can  be  imported  from  any 
Lst  in  sterile  capsules  ready  for  hypodermic  injection.  Simpson 
imends  the  local  application  of  a  paste  of  ipecacuanha, 
hough  the  experiments  of  Calmette  with  the  venom  of  Buthus 
nus  would  indicate  the  trial  of  his  antivenene  in  bad  cases, 
the  experiments  of  Nicolle  and  Catouillard  indicate  that  the 
may  not  be  satisfactory.  Recently  a  serum  has  been  pre- 
by  Todd  for  the  Board  of  Health  Department  of  Egypt  from 
s  blood,  and  has  been  found  useful. 

2.  Aranea. 

2  Aranea,  or  spiders,  are  found  all  over  the  world,  but  by  far 
xgest  are  in  the  tropics,  and  their  peculiarly  repulsive  appear- 
has  given  rise  to  numerous  fables,  bo'th  ancient  and  modern, 
regard  to  their  poisonous  properties. 

torieal. — ^The  study  of  spider-stings  may  be  said  to  be  modern, 
D  begin  with  Blackwell  in  1855,  but  it  was  Robert  in  1893  who 
the  fundamental  data  concerning  these  poisons.  He  main- 
that,  in  addition  to  the  secretion  of  the  poison  gland,  there 
Dxalbumin  which  permeates  every  portion  of  the  body  of  the 
d,  and  in  some  species  of  animals  is  mixed  with  the  venom. 
Dnsiders  that  the  secretion  of  the  poison  gland  only  gives 
D  local  symptoms,  and  that  the  genera.1  symptoms  are  due  to 
axalbumin,  and  that  it  is  because  of  this  admixture  in  Latro- 

that  the  bite  may  cause  severe  symptoms  and  even  death 
man  beings.  The  common  European  garden  spider  [Epeira 
na)  only  causes  local  irritation,  because  the  toxalbumin, 
h  present  in  the  body,  is  not  mixed  with  the  poison  of  the 
1  gland.  He  also  describes  a  haemolytic  action  in  both  Epeira 
.atrodectus. 

hs  has  contributed  a  paper  in  which  he  carefully  studies  this 
lysin,  which  he  calls  arachnolysin,  and  Wilson  has  recently 
in  an  excellent  monograph  on  the'  spider-bites. 
graphical. — All  genera  of  spiders  appear  to  be  poisonous,  but 
lost  important  are  :  Latrodectus  mactans,  ChUi ;  L.  scelio, 
atipo  of  New  Zealand;  Theraphosa  avicularia  L.,  South 
ca ;   T.   hlondi  Latr. ;    T.   javanesis  Walck. ;    Chiracanthum 

Walck. ;  Theridium  tredecim  guttatum  F.,  France  and  Italy  ; 
%ubre  Koch,    Kara  kist    of   Russia ;    Segestria   perfida    St. ; 
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^.hcetopelina  olivacea ;  Lycosa  tarantula  L. ;  L.  singoriensis  Laxman  ; 
I  peir  a  diademaW  sdck.  •,   ,   ■ 

Anatomical.— The  body  of  the  spider  is  sharply  divided  into 
ephalothorax  and  abdomen.  The  pairs  of  appendages  are  six  in 
lumber  :— (i)  The  two-jointed  chehcerse  ;  (2)  The  six-jomted  leg- 
ike  pedipalpi ;  (3-6)  The  seven-jointed  legs.  The  poison  gland 
isually  lies  in  the  basal  joint  of  the  chelicera,  ensheathed  m  con- 
lective  tissue,  inside  which  there  are  two  spirally  arranged  layers 
if  non-striped  muscle  surrounding  a  basement  membrane  which 
lears  two  to  three  layers  of  polyhedral  cells,  surrounding  the  lumen 
if  the  acinus.  From  the  gland  the  duct  runs  forwards  into  the 
listal  hook-shaped  joint,  upon  the  apex  of  which  it  opens. 

The  Venom.— The  venom,  which  is  useful  to  the  spider,  enabling 
t  to  kill  the  small  animals  upon  which  it  Uves,  is  an  oily,  trans- 
iicent,  lemon-yellow-coloured  Uquid,  with  an  acid  reaction  and  a 
lot,  bitter  taste.  It  has  proteid  reactions,  and  gives  the  xantho- 
iroteic  reaction.  It  is  difficult  to  obtain  it  in  any  quantity.  Wilson 
ecomniends  triturating  the  gland  with  distilled  water  (0-5  c.c.  being 
ised  for  each  gland),  and  then  filtering,  when  an  extract  suitable  for 
xperimental  purposes  is  obtained.  These  extracts  are  rendered 
larmless  by  heating  to  90°  C,  and  the  active  principles  a,re  said 
lot  to  dialyze.  The  chemical  pecuUarities  and  the  active  principles 
if  the  venom  are  little  known.  Robert,  as  has  already  been 
)ointed  out,  considers  that  there  are  two  poisons : — (i)  A  toxin 
ecreted  by  the  poison  gland,  and  only  causing  local  sjonptoms ; 
2)  A  toxalbumin  distributed  through  the  body  (not  originating 
rom  the  poison  gland),  and  causing  general  symptoms.  The  first 
xists  alone  in  Lycosa  tarantula,  L.  singoriensis.  The  second  largely 
)redominates  in  Lairodectus. 

Robert  and  Sachs  have  found  and  studied  a  haemolysin,  arachno- 
ysin,  in  the  venom  of  several  kinds  of  spiders,  and  Sachs  has  been 
ible  to  immunize  a  guinea-pig  against  this  toxin  and  produce  an 
Lctive  serum.  Arachnolysin  acts  upon  the  red  cells  of  man,  rabbit, 
)x,  mouse,  and  goose,  but  not  on  those  of  the  horse,  dog,  sheep, 
ind  guinea-pig. 

Spider  venom  is  also  said  to  increase  the  coagulability  of  the 
)lood.  The  venom  of  Theridium  lugubre  is  believed  to  act  in- 
uriously  on  the  isolated  frog's  heart,  even  when  diluted  to 
E  in  100,000,  but  it  is  not  known  whether  this  is  due  to  action 
iirectly  upon  the  heart-muscle  or  upon  the  local  nervous  apparatus. 
The  walls  of  the  capUlaries  are  also  said  to  be  damaged  by  spider- 
/enom,  and  to  allow  an  increased  amount  of  transudation,  and 
lence  the  haemorrhages  and  oedema  seen  about  the  wound.  It  is 
isserted  that  the  venom  acts  deleteriously  upon  the  mucous 
membrane  of  the  stomach  and  intestines,  causing  redness  and 
sweUing,  and  even  haemorrhages,  which  perhaps  are  due  to  some 
ittempt  at  excretion  of  the  poison  by  these  organs.  It  is  also 
thought  that  the  venom  acts  upon  the  central  nervous  system,  but 
whether  the  cramps  and  convulsions  are  really  due  to  action  of  the 
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jison  upon  the  nerve  cells,  or  merely  to  the  altered  blood  con- 
tions,  has  not  been  decided.  '^; 

The  reader  is  particularly  asked  to  compare  these  actions  on  the 
srvous  system  (neurotoxin  ?),  on. the  mucosa  of  the  stomach,  on 
le  capillary  wall,  on  the  blood  and  red  cells,  with  the  venoms  of 
le  scorpion  and  of  the  snakes,  which  they  strongly  resemble. 

Acquired  immunity  can  be  produced  in  animals  by  injections  of 
on-lethal  quantities  of  venom. 

Minimum  Lethal  Dose. — ^The  minimum  lethal  dose  for  cats  is 
■20  to  0'35  milligramme  of  the  dry  venom  per  kilogramme  of  the 
ody-weight.  Dogs  are  less  sensitive,  and  hedgehogs  still  less, 
'hile  frogs  require  fifty  times  the  quantity  of  poison  which  will 
ffect  warm-blooded  animals. 

Effects  of  the  Venom. — In  general,  the  symptoms  of  spider-bite 
ither  resemble  those  of  the  scorpion,  and  are  divisible  into  (i)  local, 
2)  general.  Local  inflammation  is  generally  present,  but  may  be 
bsent,  and  severe  pain  is  felt  at  the  site  of  the  wound.  The  general 
ymptoms  are  those  of  collapse  coming  on  gradually,  with  some- 
imes  convulsions,  or  rarely  a  typhoidal  condition  ensues,  which  may 
emain  for  weeks.  Many  other  symptoms  may  also  be  noted,  such 
s  nausea,  rigors,  cold  sweats,  dyspnoea,  fever,  delirium,  paralysis, 
nd  coma  terminating  in  death.  Inflammation  of  the  stomach  and 
itestines,  coagulation  of  the  blood,  and  local  haemorrhages  and 
sdema,  are  the  principal  features  of  a  post-mortem  examination, 
"he  symptoms  of  the  bites  of  the  different  spiders  will  now  be 
riefly  described. 

Bite  of  Latrodectus  mactans. — ^The  symptoms  of  this  bite  are  local 
ain,  which  does  not  appear  till  some  little  time  after  the  bite,  but 
ecomes  agonizing,  and  may  last  for  a  couple  of  days.  In  addition, 
etanoid  s5miptoms  may  set  in,  but  usually  end  in  recovery  in  about 
;n  days. 

Bite  of  Latrodectus  scelio. — ^This  is  the  katipo  spider  of  New 
Zealand.  The  symptoms  begin  in  about  thirty  minutes  with  the 
Drmation  of  a  white  vesicle  surrounded  by  a  red  halo,  and  severe 
ain  at  the  site,  of  the  bite.  The  general  symptoms  include,  first, 
tiffness  of  the  muscles  about  the  mouth  and  jaw,  so  that  it  is 
ifficult  to  open  the  mouth  or  to  speak,  and  impossible  to  swallow, 
'he  pulse  becomes  very  slow  (12  to  14  to  the  minute),  and  there 
>  extreme  pallor  of  the  face  and  body,  with  coldness  of  the  ex- 
remities,  which  are  quite  flaccid.  Respiration  becomes  slower  and 
lower,  and  death  may  take  place  at  this  stage,  or  an  illness  lasting 
bout  six  weeks,  and  somewhat  resembling  typhoid,  may  ensue, 
rhich  may  end  either  in  death  or  recovery. 

Bite  of  Theridium  lugubre. — ^This  bite  is  characterized  by  smart- 
ig  pains,  no  redness  or  swelling,  cold  sweats,  restlessness,  dizziness, 
lental  anxiety,  depression,  vomiting,  cyanosis,  convulsions,  status 
yphosus,  and,  unless  improvement  sets  in,  death  in  three  days. 

Bite  of  Theraphosa  avicularia. — ^The  Theraphosse  come  under  the 
ammoner  heading  of  Mygale,  and  cause  prolonged  inflammation 
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ind  extensive  cicatrization.  Theraphosa  javanensis  is  reported  to 
iill  men. 

Bite  of  Chcetopelina  olivacea.— The  local  symptoms  are  great 
3ain,  redness,  swelling,  but  whether  a  general  effect  (curari-like 
Joisoning  of  the  voluntary  muscles  and  death  from  stoppage  of 
■espiration)  takes  place  is  very  doubtful. 

Biie  of  Lycosa  tarantula.— The  bite  of  this  spider  produces  wheals 
surrounded  by  a  red  areola,  but  no  general  symptoms  result,  and 
arantismus  only  exists  in  popular  imagination.  The  tarantula 
lance  was  probably  introduced  as  a  cure,  with  the  purpose  of 
ceeping  the  patient  on  the  move,  so  that  he  should  perspire,  and 
hus  get  rid  of  the  poison.  The  tradition  of  the  Middle  Ages  was 
hat  the  bite  caused  the  dance  frenzy,  Chorea  saltatoria,  or  taran- 
ismus,  which  was  supposed  to  lead  to  such  violent  exertion  that 
leath  resulted  unless  the  victim  was  soothed  by  music. 

The  Bite  of  Epeira  diadema. — The  bite  of  the  common  garden  spider  has 
leen  recently  proved  by  Kobert  and  Sachs  to  be  poisonous. 

The  Bite  of  a  Bengal  Spider. — Fink  has  recently  described  a  herpetic 
ruption  on  the  face  of  Bengalee  children  due  to  a  spider-bite  ;  for  this  he 
3commends  fumigating  the  face  with  the  smoke  evolved  when  lumps  of 
lustard-oil  cake,  burned  in  a  charcoal  fire,  are  dropped  into  a.  basin  of  cold 
^ater. 

Diagnosis. — Bee-stings,  scorpion-bites,  and  ordinary  skin  bacterial 
afections  must,  of  course,  be  distinguished  from  spider-bites,  with 
sfhich,  without  doubt,  they  have  been  often  confounded.  The 
3cal  symptoms  and  the  history  ought  to  be  some  guide. 

Prognosis. — ^This  is  generally  good. 

Treatment. — Prevent  absorption  by  the  proximal  ligature,  open 
he  wound  by  an  incision,  and  apply  alkaline  solutions — e.g.,  weak 
olutions  of  ammonia  or  carbonate  of  potash.  It  appears  to  us 
hat  a  strong  permanganate  of  potash  solution  ought  to  be  given 
,  trial. 

3.  Acarina. 

The  Ixodoidea,  or  ticks,  are  well  known  to  cause  severe  symptoms 
)y  their  bites,  apart  from  the  introduction  of  any  parasite  such  as  a 
Babesia  or  Spirochceta. 

The  anatomy  of  these  arthropods  is  given  in  detail  in 
Chapter  XVII.,  to  which  reference  should  be  made,  but  a  few 
emarks  are  necessary  concerning  the  act  of  biting,  which  has  been 
ecently  studied  by  NuttaU. 

The  tick  pierces  the  skin  by  means  of  the  teeth  on  the  digits  of 
ts  chelicerae.  The  digit  is  capable  of  being  extended  by  an  internal 
nuscle,  and  turned  outward  by  an  external  muscle.  These  move- 
nents,  occurring  alternately,  cause  the  teeth  to  cut  the  skin,  and 
is  the  chelicerse  work  deeper  and  deeper,  the  hypostome  is  dragged  « 
ato  the  wound,  and  by  its  recurved  teeth  keeps  the  tick  in  position.  % 
?he  palps  but  rarely  enter  the  wound.  During  this  act  of  biting 
t  is  believed  that  the  salivary  glands  pour  a  considerable  amount 
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secretion  into  the  victim,  but  the  nature  of  this  fluid  and  its 
tion  requires  further  investigation.  Nuttall,  drawing  attention 
the  immunity  following  bites,  says  that  it  is  probable  that  this 
:retion  is  toxic  in  its  action. 

The  Effects  of  the  Venom. — With  regard  to  the  Argasidae,  Argas 
rsicus  Oken  has  an  evil  reputation  in  Persia,  where  its  bite  is  said 

cause  severe  pain,  fever,  lassitude,  delirium,  convulsions,  and 
en  at  times  death  in  new-comers,  while  natives  are  immune. 
Bordier  considers  that  these  symptoms  are  due  to  the  injection 


Fig.  24. — Chelicera  from 
THE  Same  Tick. 

(After  Nuttall,  Cooper, 
and  Robinson,  Journal  of 
Parasitology.) 

I,  Internal  digit;  2,  external 
digit. 


:g.  23. — Ventral  Aspect  of  the 
Mouth-Parts   of    a    Tick    (H^^ma- 

PHYSALIS  punctata  CaNESTRINI  AND 

Fanzago). 

After  Nuttall,  Cooper,  and  Robinson, 
Journal  of  Parasitology.) 

I,  Chelicera;,  showing  teeth  ;  2,  hypo- 
ome,  showing  rows  of  recurved  teeth  ; 
palp. 

;  a  poison,  but  this  would  hardly  appear  to  be  likely,  as  Lounsbury 
lund  in  his  own  case  in  South  Africa  that  the  bite  caused  only 
ight  itching.     If  the  symptoms  are  properly  described  in  Persia, 

would  indicate  that  the  tick  introduced  some  parasite  into  the 
3w-comer  which  caused  a  definite  disease  to  which  the  native 
id  acquired  an  immunity. 

Argas  reflexus  Fabr.  may  cause  local  pain  and  swelling,  with 
metimes  an  erythematous  eruption,  while  the  site  of  the  bite  is 
larked  for  years  by  a  cicatrix.  The  bite  of  A.  brumpti  Neu  is  also 
ivere. 
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Ornithodoros  moubata  Murray  inflicts  a  very  painful  bite,  with 
luch  swelling  and  the  formation  of  raised  hard  wheals,  in  Europeans, 
hich  may  last  several  days. 

Ornithodoros  turicata  Duges  may  cause  swelling  and  numbness 
.1  over  the  body,  with  vomiting  and  diarrhoea,  accompanied  by  an 
rticarial  eruption  and  profuse  perspiration,  with  rigors,  fever,  head- 
;he,  and  backache  if  the  poisons  enter  a  vein.  Locally,  an  ulcer 
lay  form  at  the  site  of'  the  bite.  0.  talaje  Guerin  M6neville  causes 
ivere  itching  and  pain. 

With  regard  to  the  Ixodidae,  Ixodes  ricinus  causes  severe  derma- 
tis,  which  may  be  followed  by  pustules  and  abscesses,  with 
dema,  lymphangitis,  and  lymphadenitis,  associated  with  fever. 

Treatment. — ^The  treatment  of  tick-bites  is  first  to  detach  the 
ck,  which  is  by  no  means  easy,  as  the  recurved  teeth  of  the  hypo- 
ome  hold  on  to  the  wound  very  firmly.  The  best  plan  is  to  rub 
ly  oil  into  the  ventral  surface  of  the  tick,  thus  interfering  with  its 
ispiration,  and  compelling  it  to  detach  itself  from  the  host.  With 
igard  to  0.  turicata,  it  is  advised  to  apply  the  actual  cautery,  so 
;vere  are  the  effects  of  the  bite.  According  to  Wellman,  Ornitho- 
nos  bites  should  be  treated  by  bathing  in  very  hot  water,  after 
hich  bicarbonate  of  soda  should  be  applied  in  strong  solution, 
ching  may  be  allayed  by  a  menthol  ointment  (1-2  per  cent.). 

As  regards  prophylaxis,  badly  infected  native  huts  should  be 
irnt,  while  ordinary  houses  may  be  fumigated  with  sulphur  or 
.rbon  bisulphide,  or  sprayed  with  kerosine  or  boUing  water.  Beds 
ust  always  be  raised  from  the  ground,  and  the  feet  of  the  bedstead 
aced  in  water  containing  kerosine,  while  pyrethrum  powder  may 
!  dusted  between  the  coverings  of  the  bed.  Wellman  insists  that 
itives  should  not  be  allowed  to  sleep  in  or  near  the  quarters  of 
laropeans. 

2.  Chilopoda. 

The  class  Chilopoda  includes  the  Scolopendridse,  or  centipedes, 
hich  are  animals  with  a  head  and  a  uniformly  segmented  trunk, 
)ssessing  numerous  legs.  They  are  very ,  common  all  over  the 
orld,  but  the  tropical  species  are  much  larger  than  those  which 
habit  the  Temperate  Zone.  They  live  under  stones  in  shady 
aces,  especially  in  woods.  The  poison  apparatus  of  the  cenfi- 
;des  is  formed  by  the  appendages  of  the  first  trunk  segment  being 
odified  so  as  to  form  a  large  pair  of  jaws,  at  the  base  of  which 
le  poison  gland  lies.  The  duct  of  this  gland  opens  on  the  apex  of 
le  claw,  and  therefore,  as  there  are  two  jaws,  a  centipede-bite  will 
low  two  minute  punctures  or  drops  of  blood. 
The  venom  is  prunarily  intended  to  kill  their  prey,  which  consists 
small  insects  and  larvae. 

Geographical. — ^The  most  noted  species  are  Scolopendra  cingulata, 
-ance,  Spain,  Italy;  5.  gigantea,  S.  morsitans,  S.  heros,  Africa, 
idia,  Indo-China,  Equatorial  America;  Geophilus  longicornis 
jach,  Mid-Europe. 
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lie  Venom. — ^The  venom  is  an  acid  opalescent  liquid,  but  little 

;ible  with  water.     For  experimental  purposes  it  can  be  obtained 

xeating  the  lower  lip  and  the  hooks  with  normal  saline  solution. 

^hen  injected  into  the  veins  of  rabbits,  it  causes  an  immediate 

dysis,  with  coagulation  of  the  blood,  while  under  the  skin  it 

as  a  large  abscess. 

fleets  of  the  Venom. — The  poison  causes  local  and  general 

ptoms.     At  first  there  is  itching,  but  this  is  quickly  followed 

intense  pain,  which  extends  all  over  the  limb.     A  red  spot 

ears  at  the  site  of  the  bite,  which  enlarges  and  becomes  black 

:he  centre,  and  sometimes  there  are  lymphangitis  and  lymph- 

aitis.    The  general  symptoms  are  great  mental  anxiety,  vomiting, 

3^1ar  pulse,  dizziness,  and  headache. 

iagnosis. — ^The  diagnosis  is  obtained  by  the  history  and  the 

ience  of  the  two  minute  punctures. 

rognosis. — ^The  prognosis  is  good,  though  small  children  have 

1  known  to  die  from  the  effects  of  a  sting.     Adults,  as  a  rule, 

)ver  in  about  twenty-four  hours  at  the  most. 

reatment. — Bathe  the  part  well  with  a  solution  of  ammonia 

n  5  or  I  in  10).     After  bathing,  apply  a  dressing  of  the  same 

di,  or  if  there  is  much  swelling  and  redness,  an  ice-bag. 

[  necessary,  give  hypodermic  injections  of  morphia  to  relieve  the 

1.    At  a  later  period,  fomentations  may  be  required  to  reduce 

local  inflammation. 

3.  Hexapoda. 

he  Hexapoda,  or  insects,  contain  many  species  injurious  to 
1. 

he  orders  to  which  the  principal  venomous  species  belong  are : 
Siphunculata ;  (2)  Hemiptera ;  (3)  Hymenoptera ;  (4)  Lepi- 
tera ;  (5)  Diptera ;  and  (6)  Coleoptera. 

1.  Siphunculata. 

his  order  includes  the  lice,  which  cause  much  irritation  by  their 
!s.  The  nature  of  the  venom,  however,  is  not  known,  and  the 
are  of  more  importance  as  carriers  of  disease,  and  will  therefore 
lealt  with  more  fully  in  Chapter  XVIII. 

2.  Hemiptera. 

he  Hemiptera  include  the  families  of  the  Cimicidse,  or  bugs,  and 
Reduvidje,  or  cone  noses.  In  the  latter  family  is  classified 
nergates  bicoloripes  Stal,  which,  according  to  WeUman,  produces 
ery  painful  bite  in  man  in  Angola.  Another  member  of  this 
ily,  as  yet  not  named,  has  been  described  by  King  in  the 
an,  where  it  bites  human  beings  on  the  hands  and  wrists, 
iucing  small  red  lumps,  which,  however,  soon  disappear.  It  is 
i  to  be  closely  related  to  Phonergates  bicoloripes. 
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It  is,  however,  more  convenient  to  discuss  these  venomous  insects 
along  with  other  parasites  in  Chapter  XVIII.,  as  it  enables  a  more 
systematic  description  to  be  given,  especially  as  the  nature  of  the 
venom  is  quite  unknown. 

3.  Hymenoptera. 

In  this  order  come  the  bees,  wasps,  and  ants. 

Apidse. 

I  The  members  of  this  family  which  sting  are  well  known,  and  it 
is  by  no  means  infrequent  to  hear  of  animals  and  even  at  times 
human  beings  in  the  tropics  suffering  severely  from  bee-stiiigs,  and 
more  rarely  dying  from  the  effects. 

The  species  generally  credited  with  evil  effects  are :  Apis  mellifka 
L.,  the  hive-bee  ;  Vespa  vulgaris  L.,  the  wasp  ;  V.  germania  Fabr. ; 
V.  crabo  L.,  the  hornet ;  V.  orientalis,  the  hornet ;  Bombus  hortomm 
L.,  the  bumble-bee ;  B.  lapidarius,  and  Xilocopa  violacea,  the 
wood-bee.         I 

Historical. — ^The  venom  of  the  bee  was  first  studied  by  Brandt 
and  Ratzeburg  in  1833,  then  by  Paul  Bert  in  1865  and  Carlet  in 
1884,  but  the  chemical  nature  was  first  investigated  carefully  by 
Josef  Langer  in  1897. 

Anatomical. — The  body  of  the  bee  is  divided  into  head,  thorax, 
and  abdomen,  from  the  posterior  end  of  the  last  of  which  projects 
the  sting  in  the  form  of  a  chitinous  sheath,  narrow  posteriorly  and 
wider  anteriorly.  This  sheath  contains  two  barbed  darts,  and  into 
its  wider  portion  (which  possesses  a  cleft  by  which  air  can  penetrate 
into  it)  two  or  three  ducts  from  glands  open.  The  principal 
opening  belongs  to  the  duct  of  the  '  acid  gland,'  and  opens 
anteriorly  into  a  sac — the  poison  reservoir — which  leads  into  a 
long,  slender,  coiled  tubular  gland,  either  bifid  anteriorly  or  sub- 
divided into  two  glands.  This  long  gland  ramifies  amongst  the 
contents  of  the  abdomen.  The  second  opening,  which  lies  along- 
side the  first,  belongs  to  a  small,  irregular,  tubular  gland  called  the 
alkaline  gland,  or  gland  of  Dufour.  The  third  opening,  when 
present,  leads  into  a  lanceolate  or  ovoid  accessory  poisonous  gland. 

The  Venom. — The  v,enom  freshly  extruded  from  the  bee's  body 
weighs  from  0-2  to  03  milligramme,  and  is  a  transparent  acid  fluid 
with  a  bitter  taste,  a  peculiar  aromatic  smell,  and  a  specific  gravity 
of  I '1313.  It  contains  about  30  per  cent,  of  solid  matter  when 
dried  at  the  room  temperature. 

The  acid  reaction  is  believed  to  be  due  to  formic  acid,  and  the 
smell  to  volatile  substances,  but  neither  of  these  have  any 
connection  with  the  poisonous  properties  of  the  venom. 

The  preparation  of  venom  in  quantity  was  carried  out  by  Langer 
as  follows :  Several  thousand  fresh  stings  with  their  venom-sacs 
were  placed  in  96  per  cent,  alcohol,  which  was  in  due  course 
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■ed  off,  when  the  stings  were  dried  at  40°  C,  then  pulverized 
extracted  with  water.  The  resulting  extract,  which,  when 
■ed,  was  a  clear  yellowish-brown  fluid,  was  then  precipitated 
96  per ,  cent,  alcohol.  The  precipitate,  after  washing  with 
iiol  and  ether,  was  dissolved  either  in  ordinary  water  or  in  the 
3  acidulated  shghtly  with  acetic  acid.  From  this  solution 
ger  obtained  an  albumin-free  active  body  after  repeatedly 
ipitating  with  a  few  drops  of  concentrated  ammonia  and  again 
jiving  as  above.  The  active  principle  is,  therefore,  not 
minous,  and  is  thought  to  be  an  organic  base,  the  nature  of 
;h,  however,  is  not  known.  This  poison  is  destroyed  or  its 
dty  lessened  by  oxidizing  agents,  such  as  potassium  perman- 
ite,  and  also  by  ferments,  such  as  pepsin  and  rennin. 
ibcutaneously  injected,  the  venom  produces  great  local  irrita- 
,  but  heating  to  100°  C.  for  fifteen  minutes  destroys  this 
± 

itravenous  injections  into  dogs  produce  convulsions,  trismus, 
:agmus,  emprosthotonos,  and  death  from  respiratory  failure. 
;  action  is  believed  by  some  authors  to  be  due  to  a  neurotoxin, 
the  blood  after  death  is  very  fluid,  and  the  red  corpuscles  are 
royed,  indicating  a  marked  haemolysis,  whUe  all  the  organs 
ipt  the  spleen  show  haemorrhages  and  hypersemia ;  so  that  the 
;ts  may  not  be  due  so  much  to  the  action  on  the  nervous  system 

0  that  on  the  blood.  The  convulsive  effects  can  be  destroyed 
leating  to  100°  C.  for  thirty  minutes,  when  the  poison  becomes 
sly  narcotic.  All  effects  are  annulled  by  heating  to  150°  G. 
ifteen  minutes. 

tie  venom,  therefore,  contains  : 

Inflammatory  poisons,  which  are  thought  to  come  from  the 
gland. 
Neurotoxins — 

(i)  Convulsive,  thought  to  be  derived  from  the  alkaline 

gland. 
(2)  Narcotic,  secreted  by  the  acid  gland. 

Haemolysins. 

'ith  regard  to  the  last,  Morgenroth  and  Carpi  have  shown  that 
:ithide  is  formed  which  is  200  to  500  times  more  hemolytic 

1  the  venom  alone.  There  is,  therefore,  a  similarity  between 
poison  and  cobra-venom. 

M  only  marked  features  recorded  in  human  post-mortems  are 

jrsemia  of  the  meninges  and  bloody  exudation  into  the  ventricles 

le  brain. 

imunity. — There   appears  to   be   no  doubt   that   bee-keepers 

1   attain   a   considerable    amount    of    immunity   against    the 

m. 

ms,  Langer  says  :  Out  of  164  bee-keepers,  11  were  immune 

.  the  first ;  while  of  the  153  at  first  sensitive,  126  became  more 

ss  immune,  and  27  did  not.     Of  the  126  more  or  less  immune 

ID 
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persons,  14  said  that  they  were  not  affected  even  when  several 
stings  were  inflicted  quickly  one  after  the  other. 

Bee  immunity,  however,  is  only  passing,  and  does  not  last,  and 
the  keepers  say  that  the  first  sting  in  the  early  part  of  the  year  may 
produce  a  strong  -effect. 

Calmette  has  immunized  a  mouse,  so  that  it  could  resist  doses  of 
the  venom  which  would  surely  have  been  mortal  otherwise. 

The  Effects  of  the  Venom. — Usually  the  symptoms  are  merely 
local,  and  limited  to  pain  in  the  part,  redness,  and  swelling  of  the 
skin,  and  disappear  in  a  few  hours.  Suppuration  is  rare,  and  blood- 
poisoning  very  rare,  only  taking  place  occasionally  if  the  sting  is 
on  the  eyes,  ears,  lips,  or  in  feeble  old  people. 

Slight  fever  may  result  in  sensitive  people,  and  sometimes  general 
constitutional  symptoms,  such  as  nausea,  faintness,  great  weakness, 
vomiting,  precordial  distress,  difficulty  in  breathing,  coldness  of 
the  extremities,  with  an  eruption  on  the  skin  Uke  measles,  or  with 
wheals.  These  symptoms  may  pass  on  to  delirium,  unconscious- 
ness, and  more  rarely  death. 

Vespa  orientalis  causes  semi-unconsciousness,  the  face  becoming 
pale  and  cyanosed,  the  skin  of  the  extremities  cold  with  a  clammy 
sweat ;  respiration  becomes  shallow  and  sighing ;  the  pulse  quick 
(130  to  140),  irregular,  and  barely  perceptible.  On  recovery  from 
this  state  of  shock,  the  patient  complains  of  a  sensation  of  tightness 
in  the  throat,  and  oedema  may  develop  in  the  neck  and  face,  as 
well  as  slight  fever  (100°  to  102°  F.),  all  symptoms  disappearing  in 
twenty-four  hours. 

The  ordinary  bee  may  at  times  cause  severe  symptoms,  of  which 
the  following  is  an  example  :  a  lady  was  stung  in  the  forehead, 
and  in  four  minutes  swelling  of  the  eyelids  and  lips  began,  which 
rapidly  spread  to  the  arms,  and  was  associated  with  acute 
abdominal  pain.  The  hands  became  rigid  in  the  position  of  main 
en  griffe,  and  pain  and  stiffness  was  felt  in  the  throat,  together 
with  difficulty  in  speaking.  There  was  also  vomiting  and  a 
sense  of  chilliness,  followed  by  exhaustion.     Recovery  was  rapid. 

Diagnosis. — There  is  usually  no  difficulty  in  this,  the  history 
being  clear. 

Prognosis.— Usually  the  prognosis  is  A-ery  good  ;  the  only  dangers 
are  in  children  and  old  feeble  persons,  and  in  multiple  stings. 

Treatment. — The  usual  treatment  is  by  -  applications  of  weak 
solutions  of  ammonia,  which  answers  well.  Carbolic  acid  (i  in  20 
or  I  in  10)  is  satisfactory  if  applied  immediately  after  the  sting. 
Potassium  permanganate  may  be  tried 

Calmette  advises  a  solution  of  calcium  hypochlorate  (i  in  60)  or 
eau  de  Javel  (i  in  100).  When  there  is  much  swelling,  apply  iced 
compresses  or  an  ice-bag.  When  general  symptoms  develop, 
strychnine  injections  may  be  used. 
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Formicidae. 

Ants  may  appear  rather  insignificant  in  the  Temperate  Zone,  bu1 
in  the  tropics  they  are  most  active,  and  their  bites  are  very  painful 

Many  ants — e.g.,  Myrmica  and  Ponera — have  a  poison  apparatus 
analogous  to  that  of  the  bees,  which  has  just  been  described. 

The  Venom. — ^The  venom  is  well  known  to  contain  formic  acid 
but  there  must  be  more  than  this  in  the  venoms  of  the  tropica 
species,  though  nothing  is  known  on  the  subject. 

The  Effects  of  the  Venom. — ^The  symptoms  are  usually  only  loca 
— that  is  to  say,  pain,  inflammation,  and  swelling  at  the  site  of  the 
bite — but  in  the  case  of  the  large  tropical  ants  general  symptoms 
of  faintness,  shivering,  and  temporary  paralysis  may  be  produced 
Indeed,  dried  red  ants  made  into  a  paste  have  already  been  noted 
as  an  arrow-poison. 

In  Ceylon  there  is  a  species  of  very  small  ants  which  infesi 
the  beds  and  bite  people  while  asleep,  producing  urticarial 
pomphi. 

Treatment. — Apply  weak  solutions  of  ammonia,  carbolic  solutior 
(i  in  20),  or  camphorated  alcohol,  to  the  part.  As  a  preventive 
measure  against  the  ants  infecting  beds,  spread  some  powderec 
camphor  in  the  beds  and  sheets. 

4.  Lepidoptera. 

Caterpillars  of  many  butterflies  are  well  known  to  be  venomoui 
in  the  tropics,  causing  marked  skin  eruptions,  and  even  a  feehng  o 
illness  associated  with  a  slight  rise  of  temperature. 

WeUman  reports  that  in  Angola  the  most  common  stinging  cater 
pillar  is  that  of  the  tiger-moth  (Archidse),  called  locally  '  ochipia 
— ^that  which  bums — ^which  produces  an  angry  eruption  associatec 
with  much  pain.  Another  belonging  to  the  Limacodidae,  callec 
'  Epuvi,'  he  describes  as  causing  urticaria.  A  third,  belonging  t( 
the  Liparidse,  also  causes  severe  local,  and  at  times  reflex  nervou; 
symptoms.  We  are  acquainted  with  stinging  caterpillars  in  Ceyloi 
and  the  Gold  Coast,  but  we  have  not  determined  the  species.  Ii 
the  former,  a  bombyx  larva  living  on  the  Hibiscus  plant  is  apt  t( 
cause  skin  irritation.  In  India,  the  '  komlah  '  of  the  Terai  is  liabl( 
to  cause  intense  irritation  if  it  touches  the  skin.  According  t( 
Brooke,  the  larvae  of  Necera  lepida  and  Adolia  are  known  to  b( 
venomous.  Recently  Bleyer  has  described  caterpillars  belonginj 
to  the  Bombycidse  of  Brazil  which  possess  peculiar  stinging  organs 
the  venom  from  which  produces  locally  urticaria  and  dermatitis,  a 
well  as  general  symptoms,  which  are  best  treated  by  the  local  appli 
cation  of  a  2  per  cent,  solution  of  menthol  in  aether,  chloroform 
and  rectified  spirits,  and  by  the  administration  of  a  mixture  con 
taining  liquor  ammoniae  acetatis. 

Porthesia  Chrysorrhcea. — The  caterpillar  of  this  brown  moth  i 
reported  from  America  (Massachusetts  and  New  Hampshire)  a 
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causing  a  peculiar  skin  eruption,  which  Tyzzer  says  is  caused  by 
the  penetration  into  the  epidermis  of  peculiarly  modified  micro- 
scopic hairs  called  the  nettling  hairs,  which  are  sharply  pointed  and 
barbed.  These  hairs  are  specially  arranged  for  penetration,  and 
possess  an  irritating  substance  which  can  be  destroyed  at  115°  C. 
The  other  hairs  are  innocuous.  The  poison  causes  necrosis  of  the 
cells  of  the  epidermis,  together  with  the  formation  of  small  vesicles 
and  inflammation  of  the  corium. 

The  Symptoms,  which  are  generally  those  of  an  urticarial  der- 
matitis, but  occasionally  erysipelatous-like,  may  be  divided  into 
two  groups  :  (i)  severe,  due  to  contact  with  the  caterpillar ;  (2) 
mild,  due  to  hairs  blown  into  the  air  and  lodging  in  skin  or  under- 
garments. But  it  must  be  remembered  that  some  people  are  very 
sensitive  and  others  almost  immune. 

Treatment. — ^The  best  treatment  is  to  clear  away  the  hairs  with 
a  little  alkaline  lotion  (bicarbonate  of  soda  2  per  cent.),  and  then 
to  apply  an  ointment  of  ichthyol  (10  per  cent). 

5.  Diptera. 

The  classification  of  the  Diptera  is  given  in  Chapter  XIX.,  to 

which  reference  should  be  made. 

CulicidcB. — The  irritation  of  mosquito-bites  is  most  noticed  by 

the  new-comer  to  the  tropics,  for  as  years  go  by  a  kind  of  partial 

immunity  is  acquired, 
and  the  bites  are  much 
less  noticed.  Some  people 
appear  to  have  a  partial 
natural  immunity  to  the 
bites,  but  this  is  un- 
common. 

Only  the  female  mos- 
quito bites  and  sucks 
blood,  which  is  supposed 
to  be  required  for  the 
nutrition  of  the  eggs. 
When  the  female  mos- 
quito ahghts  upon  the 
skin,  it  does  not  always 
bite  at  once,  but  may 
move  from  one  part 
to    another,    apparently 

testing  the  different  parts  of  the  skin  by  its  labellse.* 

Having  selected  a  given  area  of  skin,  it  moves  the  palpi  away 

from  the  proboscis  dorsally,  and  at  the  same  time  rotates  the 

labellse  on  their  hinge- joints  outwards. 
The  labium  is  now  pressed  against  the  skin,  and  is  bent  into  the 

form  of  a  bow,  convex  posteriorly.     An  opening  in  the  skin  is  then 

*  For  the  anatomy  of  the  proboscis  see  Chapter  XIX.,  on  the  Culicidce. 


Fig.  25. — An  Anopheline Mosquito  (A.  macu- 

I-IPENNIS  MeIGEN)  in  THE  AcT  OF  BiTING. 

(After  Nuttall  and  Shipley,  Journal  of 
Hygiene.) 

Note  that  the  proboscis  does  not  enter  the 
wound,  and  that  it  is  bent  convex  posteriorly. 
Note  the  distension  of  the  abdomen  as  seen  by 
the  space  between  the  terga  and  the  sterna. 
In  the  natural  condition  this  space  would  be 
bright  red  from  the  blood  in  the  abdomen. 
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made,  in  which  the  mandibles  and  maxillae  work  like  saws,  while  the 
head  of  the  mosquito  can  be  seen  rocking  from  side  to  side.  During 
this  process  respiration  is  going  on  quietly,  but  at  times,  according 
to  Schaudinn,  a  violent  contraction  of  the  abdomen  is  noticed,  which 
is  said  to  be  due  to  the  carbonic  acid  in  the  superficial  layers  of  the 


Fig.  26. — Head  of  Anopheles  maculipennis  Meigen. 

(After  Nuttall  and  Shipley,  Journal  of  Hygiene.) 

I,  labium  ;  2,  maxillae  ;  3,  hypopharynx  ;  4,  mandibles  ;  5,  labrum  ; 
6,  palpi ;  7,  antennae ;  8,  occiput  ;  9,  eye  ;   10,  clypeus. 

skin,  for  he  found  that  when  carbon  dioxide  gas  acted  upon  mos- 
quitoes a  like  contraction  was  produced. 

As  this  process  is  proceeding,  an  irritating  substance,  the  cheniical 
nature  of  which  is  not  known,  is  injected  under  the  skin,  and  it  is 
evident  that  this  happens  before  the  mosquito  begins  to  suck  blood, 


Fig.  27.— Anterior  End  of  Fig.  28.— Anterior  End  of 
A  Mandible.  a  Maxilla. 

(After  Nuttall  and  Shipley,  (After  Nuttall  and  Shipley, 
Journal  of  Hygiene.)  Journal  of  Hygiene.) 

for  the  irritation  is  present  when  the  insect  ceases  to  bite  before 
drawing  up  the  blood. 

There  has  been  much  dispute  as  to  where  this  substance  comes 
ffom,  but  this  appears  to  have  been  settled  by  Schaudinn,  who 
triturated  the  isolated  salivary  glands  in  salt  solution,  which  he 
applied  to  a  wound  with  negative  result.     On  the  other  hand,  when 
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he  applied  the  isolated  oesophageal  diverticula  to  a  scratch,  he 
obtained  the  characteristic  irritation  and  redness.  These  oesophageal 
diverticula  contain  gas-bubbles  and  bacteria  or  moulds.  The 
bubbles  were  shown  by  Schaudinn  to  contain  carbon  dioxide  by 
applying  baryta-water  to  the  diverticula,  when  a  precipitate  Jwas 
obtained.  The  fungi  need  further  investigation,  but  they  or  their 
products  appear  to  be  the  real  cause  of  the  irritation,  for  when 
Schaudinn  pressed  the  carbon  dioxide  out  of  the  sac  the  signs 
characteristic  of  the  bite  were  still  produced.  It  appears  probable, 
therefore,  that  the  powerful  abdominal  contraction  mentioned 
above  expels  the  gas,  bacteria,  and  fungi  from  the  oesophageal 
diverticula  and  the  saliva  from  the  salivary  glands. 

It  is  possible  that  the  chemical  products  of  the  fungi,  by  causing 
local  irritation,  bring  more  blood  into  the  particular  area  of  skin 
affected,  and  thus  enable  the  mosquito  to  get  her  supply  quickly, 
for  feeding  only  takes  two  to  three  minutes,  during  which  time  some 


-The  Alimentary  Canal  of  Anopheles  maculipennis 
Meigen. 

(After  Nuttall  and  Shipley,  Journal  of  Hygiene.) 

I,  Mouth  and  buccal  cavity  ;  2,  pharynx  ;  3,  oesophagus  ;  4,  dorsal  and 
ventral  oesophageal  diverticula;  5,  proventriculus  ;  6,  sajivary  glands; 
7,  narrow  portion  of  ventriculus  ;  8,  so-called  stomach  ;  9,  malpighian  tubules  ; 
10,  intestine  ;  11,  rectum  ;  12,  anus. 

mosquitoes  will  so  overfill  themselves  with  blood  that  it  may  be 
ejected  -per  anum.  The  use  of  the  carbonic  acid  is  probably  to 
prevent  the  coagulation  of  the  blood,  which  is  drawn  up  the  large 
blood-tube  formed  by  the  labrum  epipharynx  and  hypopharynx 
by  the  suctorial  action  of  the  pump-like  pharynx. 

Symptoms. — Shortly  after  a  mosquito  has  bitten  a  person,  a 
sensation  of  itching  is  experienced  in  the  affected  part,  which  on 
examination  is  seen  to  be  inflamed  and  reddish,  while  a  wheal  not 
unusually  develops,  especially  in  persons  new  to  the  tropics.  Some- 
times a  papule  or  even  a  nodule  may  form  on  the  site  of  the  bite, 
while  more  rarely  scratching  leads  to  secondary  infection  and  the 
formation  of  boils,  Ijmiphangitis,  or  lymphadenitis. 

Treatment. — The  itching  may  be  relieved  by  dilute  solutions  of 
ammonia  (Scrubb's  Ammonia  is  a  favourite  i-emedy),  or  by  a  52per 
cent,  solution  of  carbolic  acid,  or  i  per  cent,  alcoholic  lotion  of 
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menthol.  Inflamed  bites  may  be  cleaned  with  i  in  40  carbolic 
lotion,  and  afterwards  dressed  with  boracic  ointment.  Local  septic 
poisoning  should  be  treated  by  boracic  or  carbolic  fomentations, 
while  boils  and  abscesses  must  be  opened. 

Prophylaxis. — The  prevention  of  mosquito-bites  will  be  discussed 
in  the  chapter  on  Malaria. 

Other  Diptera.—Numeious  flies  other  than  the  Cuhcidee  cause 
irritation  by  their  bites,  as  do  fleas,  but  the  nature  of  the 
venom  not  being  well  known,  they  will  be  considered  together  in 
Chapters  XIX.,  XX.,  XXI.  . 

6.  Coleoptera. 

Beetles  and  their  larvae  are  capable  of  inflicting  severe  bites  or 
wounds  by  means  of  stiff  hairs.  Silvanus  surinamensis  L.,  the 
saw-toothed  grain-beetle,  is  said  to  bite  people.  According  to 
Brooke,  Mylabris  cichorii  in  India,  Lytta  villata  in  America,  Lytta 
ruficeps  in  Chili,  and  a  species  of  Cantharis  in  Senegal,  are  all 
venomous.  Wellman  describes  the  larva  of  a  beetle,  which  the 
natives  of  Angola  call  '  ochisia,'  which  means  'to  be  left  alone,' 
whose  bristles  will  even  penetrate  the  skin  of  the  sole  of  the  foot, 
causing  pain,  inflammation,  and  even  sloughing,  when  trodden 
upon. 

MOLLUSCA. 

A  venomous  snail  of  unknown  genus  and  species  is  described 
in  the  Solomon  Islands.  These  snails  possess  radulae  provided 
with  pointed  tubular  teeth,  armed  anteriorly  with  a  barb.  These 
teeth  are  connected  with  a  poison  gland,  and  are  capable  of 
injuring  men  and  producing  severe  wounds. 
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CHAPTER  IX 

TROPICAL  INTOXICATIONS  {cofUinued)— 
VENOMOUS  ANIMALS 

Pisces — Classification— Poison  by  bite — Poison  by  stings — Amphibia. 

PISCES. 

All  over  the  world,  but  especially  in  tropical  seas,  there  are  fish 
which  for  purposes  of  defence  secrete  poisonous  fluids  from  special 
glands.  These  fish  have  been  but  little  studied,  and  still  less  is  known 
about  the  nature  of  their  venom  and  its  physiological  action.  A 
great  deal,  however,  is  known  by  residents  in  the  tropics  about 
wounds  inflicted  by  these  fish,  and  the  doctor  practising  therein  is 
bound  sooner  or  later  to  come  across  not  merely  persons  who  know 
a  good  deal  in  a  general  way  about  the  subject,  but  those  who 
either  are  suffering  or  have  suffered  from  the  poisoning.  It  is 
therefore  necessary  that  the  tropical  practitioner  should  have  some 
knowledge  of  venomous  fish. 

The  subject  might  be  studied  by  classifying  the  fish  zoologically,, 
and  then  taking  them  seriatim  and  describing  their  poison  and  its 
effects  ;  but  though  a  zoological  list  wiU  be  given,  this  does  not 
seem  so  satisfactory  as  to  follow  Bottard  in  his  special  classification 
based  on  the  manner  in  which  the  fish  inflicts  the  poison. 
Venomous  fish  may  be  classified  into  : — 

Class  I.  Fish  which  poison  by  their  bite. 

Class  II.  Fish  which  poison   by  barbs  (spines)  connected 

with  special  glands. 
Class  III.  Fish  which  poison  by  a  secretion  prepared  by  the 
skin  glands.     This  class  is  illustrated  by  the  lamprey, 
which  is  only  known  to  produce  poisoning  when  eaten. 
It  will  be  understood  from  the  above  classification  that  venomous 
fish  are  to  be  distinguished  from  poisonous  fish — i.e.,  from  fish 
which  cause  symptoms  of  poisoning  when  their  flesh  is  eaten — for 
the  flesh  of  venomous  fish  can  be  eaten  with  impunity.     The 
poisonous  fish  and  their  effects  have  been  briefly  described  in 
Chapter  VII.  under  the  heading  Poisonous  Food. 

During  the  spawning  season  the  quantity  and  the  virulence  of 
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the  poison  of  venomous  fish  generally  increase,  and,  indeed,  some 
genera— e.g.,  Cottus— are  only  venomous  at  that  time.  Poisonous 
glands,  bemg  protective,  occur  more  commonly  in  weak  and 
small  rather  than  in  large  fish,  hence  they  are  more  frequent  in 
bony  than  in  cartilaginous  fish,  which  latter  are  usually  of  large  size. 
Venomous  fish  are  often  conspicuous  by  form  or  colour. 

Historical.— The  history  of  our  knowledge  of  venomous  fish  has 
been  well  written  by  Faust,  who  points  out  that  it  was  Aristotle, 
the  Father  of  Ichthyology,  who  first  established  the  fact  that  fish 
could  produce  poisoned  wounds,  and  that  after  his  day  informa- 
tion on  this  subject  appears  to  have  been  very  uncertain,  and 
doubts  were  cast  upon  the  facts  ascertained  by  him.  Modem  know- 
ledge began  in  1841  by  AUman  writing  a  paper  on  the  stinging 
properties  of  the  lesser  weever  {Trachinus  viper  a),  which,  he  said 
with  all  reservation,  was  probably  due  to  a  poison  gland  at  the 
base  of  the  opercular  valve.  Further  researches  were  made  by 
Byerley  in  1849,  Giinther  from  1864  to  1881,  Corre  1865-81,  Gressin 
1884,  and  Savtschenko,  who  produced  his  excellent  atlas  in  1886. 
It  is,  however,  Bottard,  in  his  thesis  on  '  Les  Poissons  Venimeux ' 
in  1889,  who  first  gave  a  clear  account  of  these  fish,  and  he  has  been 
followed  by  Coutiere  in  1899,  Briot  in  1902-04,  and  Evans  in  1907. 
The  nature  of  the  poison  or  poisons,  and  its  or  their  physiological 
effects,  require  still  considerable  research. 

Effects  of  the  Poison. — As  far  as  investigations  have  gone,  it 
appears  as  though  the  venoms  of  the  different  fish  only  varied 
quantitatively,  and  not  quahtatively.  The  effects  are  local  and 
general.  The  local  effects  consist  in  painful  sensations,  swelling  of 
the  part,  which  may  spread  over  the  whole  limb,  suppuration,  and 
even  gangrene.  The  general  s5rmptoms  appear  to  be  due  in  the 
first  instance  to  the  action  of  the  venom  on  the  central  nervous 
system,  which  shows  itself  in  excitation,  and  later  insensibihty  and 
paralysis.  An  action  on  cardiac  muscle  has  also  been  recorded. 
In  man  death  has  been  known  to  occur  from  wounds  of  Synanceia 
hrachio. 

Persons  Chiefly  Affected. — ^The  persons  chiefly  affected  by  the 
venom  are  cooks  and  fishermen,  but  the  latter  are  well  aware  of  the 
danger. 

Diagnosis. — Diagnosis  is  to  be  obtained  by  the  history  of  the 
injury. 

Prognosis. — ^This  is  usually  good,  but  prompt  treatment  is 
needed. 

Treatment. — The  treatment  of  a  poisonous  wound  due  to  a  fish 
must  be  based  UDon  the  foUowine  Drincinles  : 
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easy  to  apply  proximally  a  tight  bandage  with  the  same  precautions 
as  mentioned  under  Snake-Bite  (which  see). 

2.  Neutralize  the  Poison  locally. — ^This  should  be  done  by  opening 
the  wound  and  letting  it  bleed  while  washing  it  with  i  per  cent, 
solution  of  permanganate  of  potash,  or  by  rubbing  in  crystals  of 
the  same  substance,  and  then  applying  fomentations  and  aseptic 
dressings. 

3.  General  Treatment. — ^The  pain  must  be  relieved  by  hypodermics 
of  morphia,  and  nervous  symptoms  by  bromides ;  syncopal  attacks 
by  stimulants  and  hypodermics  of  strychnine  ;  failure  of  respiration 
by  artificial  respiration. 

Zoological  Classification. 

The  venomous  fish  may  be  classified  as  follows  : 
Subclass  I.  Elasmobranchii. 
Order  3.  Selachii. 

Suborder  3.  Raii. 

Family  Myliobatidae. 

Myliobatis  aquila  L. 

Aetobatis  narinari  Euphrasen. 
Family  Trygonidae. 

Trygon  pastinaca  Cuvier  and  other  specie.s 

Subclass  V.  Teleostei. 

Grade  A.  Physostomi. 

Suborder  2.  Cyprini-siluriformes  (Ostariophysi). 
t,,  Family  Siluridae. 

Plotosus  arab  Forsk. 
Saccobranchus  fossilis  Block. 

Suborder  4.  Anguilliformes  (Apodes). 
Family  Murasnidse. 

Muraeua  helena  L. 

Grade  B.  Physoclisti.  ' 

Suborder  10.  Acanthopterygii. 
Division  i.  Perciformes.  /  /    ' 

Family  Acanthuridae. 

Acanthurus  luridus. 

Division  7.  Trigliformes  (Scleroparei) .  1    1  1    ! 

Family  Triglidas. 

Trigla  hirundo  L. 
Family  Scorpsenidae. 

Synanceia  brachio  Cuv.  and  Val. 

„  verrucosa  Schnd. 

Scorpaena  grandicornis  Cuv.  and  Val. 
,,  diabolus  Cuv.  and  Val. 

„  porcusi. 

Pterois  antennataBl. 
Pelor  filamentosum  Cuv.  and  Val. 
Family.Cottidae. 

Cottus  scorpius  L. 
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Division  8.  Bletmiformes. 

Family  Trachinidae. 

Trachinus  draco  L. 

vipera  Cuv.  and  Val. 
radiatus  Cuv.  and  Val. 
,,  araneus  Riss. 

Family  Uranoscopidse. 

Uranoscopus  scaber  L. 
Family  Callionymidae.  , 

Callionymus  iyra  L. 
Family  Batrachidae. 

Batrachus  tau. 

grunniens  Bloch. 
Thalassophryne  reticulata  Giinth. 
,,  maculosa  Giinth. 

Addendum.~Se!:ra.n.na  outabili  (Cuv.  and  Val.)  and  Holocanthus  imperato 
(Bl.)  are  looked  upon  as  possibly  poisonous,  but  there  is  no  definite  evidence 
Ihe  bilundae  are  beUeved  to  be  poisonous,  because  some  of  them  possess  sac 
like  organs  opemng  into  the  axillae  of  the  pectoral  fins,  on  which  there  ar( 
powerful  spines. 

Geographical  Distribution. 

The  geographical  distribution  of  venomous  fish  is  in  temperate  and  tropica 
seas :  "^ 

Teleostomi. 

Plotosus  arab     . .  . .      Indian  Ocean. 

Muraena  helena  . .  .  .      Mediterranean.                                       _  , 

Acanthurus  luridus  . .  Tropical  Atlantic. 

Trigla  hirundo   . .  . .  English  Channel. 

Synanceia  brachio  . .  Tropical  Pacific. 

,,          verrucosa  . .  Indian  Ocean. 

Scorpaena  grandicornis  . .  Waters  of  the  Antilles. 

,,           diabolus  .  .  Indian  Ocean  and  Tropical  Pacific. 

,,          porcus  . .  Mediterranean. 

Pterois  antennata  . .  Seas  of  the  Indies  and  Equatorial  Pacific. 

Pelor  filamentosum  . .  Waters  of  ITsle-de-France. 

Cottus  scorpius  . .  . .  Seas  of  Europe,  Asia,  and  North  America. 

Tracirinidae          . .  . .  Waters  of  Europe. 

Uranoscopus  scaber  .  .'  Mediterranean. 

Callionymus  Iyra  .  .  Waters  of  France. 

Batrachidae          . .  . .  Waters  of  Tropical  America  and  India. 

Leaving,  however,  the  zoological  classification,  we  will  consider 
the  venomous  fish  according  to  Bottard's  classification,  excluding 
Class  III. 

CLASS  I. 

Fish  which  Poison  by  their  Bite. 

The  type  of  this  class  is  the  genus  Murana,  all  of  which  possess 
powerful  teeth  capable  of  inflicting  severe  bites.     According  to  Cal- 
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poison,  and  possesses  three  or  four  strong  conical  teeth  curved  with 
an  anterior  convexity.  These  teeth  are  not  grooved  or  channelled, 
but  are  easily  moved  and  erected,  and  are  enclosed  in  a  sheath 
formed  by  the  mucosa  of  the  palate.  The  poison  collects  between 
the  teeth,  and  simply  flows  down  them  into  the  wound. 

The  venom  has  not  been  studied,  except  so  far  as  to  show  that  it 
has  some  digestive  action.  The  effect  on  man  is  not  certainly  known, 
but  is  supposed  to  lead  to  syncope. 

Another  fish,  the  bite  of  which  is  much  dreaded,  is  Tetrodon 
fluviatilis,  which  is  found  in  the  waters  of  Indo-China,  and  fre- 
quently attacks  the  natives,  especially  children. 


CLASS  II. 

Fish  which  Poison  by  Means  of  Stings  associated  with 
Poison  Glands. 

Bottard  classifies  the  poison  apparatus  of  this  class  into  three 
groups : — 

I.  Apparatus  entirely  closed,  and  therefore  before  the  poison  can  escape 
a  membrane  must  be  ruptured  : 

Synanceia  brachio. 

„  verrucosa. 

Plotosus  arab. 

Apparatus  partially  closed  : 

Thalassophryne  reticulata. 
„  maculosa. 

3.  Apparatus  in  more  or  less  direct  communication  with  the  exterior  : 

Trachinus  vipera. 
draco. 
„  radiatus. 

araneus. 
Cottus  scorpius.  . 
„      bubalis. 
,,       gobio. 
Calliouymus  lyra. 
Scorpaena  porcus. 
,,         scrofa. 
Pterois  antennata. 
Pelor  filamentosum. 
Acanthurus  luridus. 
I  Uranoscopus  scaber, 

Trigla  hirundo. 

The  poison  glands  are  generally  placed  at  the  base  of  the  dorsal 
or  anal  fins,  or  under  spines  on  the  operculum.  The  gland  com- 
municates with  one  or  more  rays  of  the  fins.     The  barbs  may  be— 

1.  Grooved,  but  having  the  groove  converted  into  a  canal  by  a 
membrane,  which  must  be  ruptured  for  the  poison  to  escape 

2.  Canalize^  by  channels  which  lead  to  apertures  near  its  tip 
This  arrangement  of  the  rays  agrees  with  the  types  of  poison 

apparatus  mentioned  above. 
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Section  l.^Poison  Apparatus  entirely  closed. 

The  apparatus  is  connected  with  ihe  dorsal  fin,  and  is  passively 
defensive — ^that  is  to  say,  the  fish  cannot  eject  the  poison  unless 
the  barb  is  broken. 

Examples. — Synanceia  (brachio  and  many  other  species) ;  Plotosus 
arab. 

Synanceia  [brachio  and  many  other  species). — This  fish,  called 
'  rapau  de  mer '  in  Reunion, '  laffe '  in  Mauritius, '  ikan  Satan  '  in  Java, 
and  '  nohu '  in  Tahiti,  is  distributed  through  the  waters  of  the  Indies, 
Cochin  China,  New  Caledonia,  and  the  Pacific  Ocean. 

Its  poison  apparatus  is  connected  with  the  dorsal  fin,  which  has 
thirteen  barbs,  each  of  which  is  supplied  with  two  poison  reservoirs, 
to  which  belong  ten  or  twelve  tubular  glands.     It  cannot  eject  the 


Fig.  30. — Synanceja  verrucosa  Schneider. 
(From  Savtschenko's  '  Atlas  of  Poisonous  Fish.') 

poison  itself,  .but  if  trodden  upon  by  the  naked  foot,  the  barb 
enter  the  skin,  and  the  poison  is  pressed  mechanically  into  th 
wound.  The  venom  is  limpid,  bluish,  and  slightly  acid.  Th 
symptoms  are  severe  pain,  spreading  up  the  limb.  The  suffert 
becomes  violent,  throwing  himself  from  side  to  side,  and  eve 
asking  to  have  his  foot  cut  off.  Sometimes  syncope  and  deat 
may  take  place.  In  other  cases  abscesses  and  symptoms  of  blooc 
poisoning  may  be  noted.  The  skin  surrounding  the  wound  becom( 
bluish,  and  may  slough,  in  which  Case  repair  takes  a  very  long  tin 
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Saccobranchus  fossilis. — ^This  fish  is  found  in  the  waters  of  India 
and  Ceylon,  and  wounds  caused  by  its  pectoral  fins  are  much 
dreaded  by  the  natives,  as  they  produce  severe  inflammation  and 
even  tetanic  symptoms. 

Section  2.— Poison  Apparatus  Partially  Closed. 

The  types  of  this  section  are  Thalassophryne  reticulata  Giinther, 
which  is  found  near  Panama,  and  T.  maculosa  Giinther,  which  is 
chiefly  found  in  the  Gulf  of  Bahia  (Brazil). 

In  these  fish  the  poison  apparatus  is  double,  there  being  hollow 
barbs  on  the  gill  covers  and  on  the  back  close  behind  the  head. 
The  barb  on  the  giU  cover,  which  is  bent  somewhat  upwards,  is 
conical  in  shape  and  pierced  by  a  central  canal,  which  is  connected 
with  a  poison  reservoir  situated  at  the  base  of  the  barb.  The  cells 
lining  this  sac  are  probably  those  which  secrete  the  poison.  The 
venom,  therefore,  is  capable  of  flowing  along  this  canal  without 
being  forced  by  muscular  exertion.  The  barbs  on  the  dorsum  of  the 
fish  consist  of  two  spines  pierced,  as  in  the  case  of  the  opercular 
spine,  by  canals  which  communicate  with  poison  reservoirs.  When 
the  barbs  are  erected,  the  poison  flows  out  of  the  peripheral  openings 
of  the  central  canals,  and  thus  can  enter  any  wound  caused  by  them. 
The  nature  of  the  venom  and  its  physiological  action  are  not 
known,  but  it  is  supposed  that  i'  will  be  like  Synanceia  and  Trachinus, 
though  there  is  no  ground  for  ^  I  is  supposition. 

The  poison  apparatus  of  B  irachus  tau  of  the  waters  of  North 
America  and  B.  grunniens  of  .  'lose  of  the  Antilles  are  said  to  be 
identical  (Calmette)  with  that  ji  st  described  for  Thalassophryne. 

Section  3. — Poison  Apparatus  in  more  or  less  Direct  Com- 
munication wiih  the  Exterior. 

This  section  contains  a  number  of  fish,  the  best  studied  of  which 
is  Trachinus  draco. 

Trachinus  draco. — ^This  fish  possesses  two  sets  of  poison  appa- 
ratus, the  one  a  barb  on  the  operculum,  and  the  other  connected 
with  the  dorsal  fin.  The  barb  on  the  operculum  possesses  a  groove 
which  is  converted  into  a  canal  by  a  fine  membrane,  which  leaves 
an  opening  near  the  point  of  the  spine.  This  barb,  v.hicb  .3  slightly 
erectile,  pierces  the  operculum.  At  its  base  lies  the  it  '5on  gland, 
partly  covered  by  an  adductor  muscle,  which  helpt  .y  press  the 
poison  into  the  canal  and  to  eredt  the  spine.  When  the  barb  enters 
the  flesh  of  another  animal,  the  above-mentioned  membrane  is 
stripped  off  and  the  poison  enters  the  wound. 

The  dorsal  apparatus  consists  of  from  five  to  seven  spines  joined 
together  by  a  membrane,  which  is  adherent  almost  to  their  tips. 
Each  barb  has  a  deep  double  channel,  the  two  grooves  of  which 
join  towards  the  base  of  the  spine  and  form  a  conical  space,  of  which 
the  walls  are  Covered  with  cells  which  secrete  the  poison. 
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The  first  symptoms  are  very  severe  pain  of  a  burning  or  lancinating 
character.  The  part  then  tmgles  and  becomes  painfully  numb  and 
this  may  spread  alprig  the  limb,  and  appears  to  travel  along  the 
'^rT.i^^^f^^  *?'  ^°"ti"'"  P^'^ticularly  tender.  This  is  folbwed 
I  Pf  P'*^t^°^'  fever,  delirium,  vomiting,  and  syncope.  The  area 
affected  becomes  swollen  and  inflamed,  and  if  neglected  mav 
suppurate  or  even  turn  to  gangrene.  The  symptoms  may  last 
from  two  to  three  hours  to  several  days 

The  venom  has  been  studied  by  Gunther,  Gressin,  Bottard,  Briot, 
and  Phisalix^  It  has  also  been  studied  by  Evans,  who  afte^ 
washing  the  fish,  collected  it  by  means  of  an  aseptic  hypodermic 
syringe,  then  dried  it  m  vacuo,  reduced  it  to  a  fine  powder  and 
finally  dissolved  it  in  normal  saline  or  in  water.  He  collected 
the  poison  from  about  2,000  fish.  The  venom  is  clear  trans- 
parent, and  very  slightly  acid.  Hypodermically  injected  it 
causes  mortification  and  local  paresis,  necrosis,  and  fiffimorrhage 
Intravenously  injected,  it  causes  faUure  of  the  heart  and  respira- 
tory paralysis,  associated  with  first  a  rise  in  the  blood-pressure 
which  is  followed  later  by  a  marked  fall.     It  also  appears  to  have 
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Fig.  31. — Trachinus  draco  Linn^us. 


a  hsemolytic  effect,  which  is  supposed  to  be  due  to  its  amboceptors 
uniting  with  endocomplements  (lecithin)  in  the  red  cell.  It  will 
thus  be  seen  that  the  poison  in  some  respects  resembles  snake- venom. 
The  venom  is  lethal  to  fish,  frogs,  and  mammals.  Thus,  0-015 
gramme  of  dried  venom  killed  a  frog,  and  0-02  gramme  a  mouse. 

According  to  Briot,  who  has  succeeded  in  immunizing  rabbits, 
the  venom  contains  a  ferment  capable  of  digesting  proteid. 

Trachinus  radiatus. — Pohl  has  studied  the  poison  of  this  fish, 
and  finds  that  it  stops  the  heart  in  diastole.  The  effect  of  applying 
the  poison  to  the  heart  of  the  frog  is  to  first  produce  strong  con- 
tractions, which  gradually  become  weaker  and  weaker,  until  they 
cease  and  the  heart  stands  still  in  diastole.  The  poison  has,  how- 
ever, no  effect  on  skeletal  muscle. 
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Callionymus. — In  Callionymus  the  operculum  terminates  in  three 
conical  spines  like  a  trident,  and  in  addition  possesses  another  spine 
directed  upwards,  and  these  are  supplied  in  the  spawning  season 
with  a  small  quantity  of  venom  from  the  gill  membrane,  which, 
according  to  Bottard,  has  little  effect  on  man. 

Scorpcena  scropha. — In  this  fish  the  poison  apparatus  is  said  to 
exist  not  merely  in  the  dorsal  fin,  but  also  in  the  operculum. 

In  the  dorsal  fin,  the  first  three  rays,  which  project  about  one-third 
of  their  length  beyond  the  membrane  of  the  fin,  are  grooved  pos- 
teriorly by  three  channels,  which  are  converted  into  canals  by  a 
fine  membrane,  and  communicate  with  the  poison  gland. 

On  the  operculum  there  are  three  small  spines,  of  which  the 
longest  alone  is  connected  with  a  poison  gland. 

When  handled  incautiously,  a  poisoned  wound  may  result  from 
one  of  these  poison  spines  entering  the  skin.     The  action  of  the 


Fig.  32. — CoTTUs  scorpius  Linnaeus. 
(From  Savtschenko's  '  Atlas  of  Poisonous  Fish.') 

poison  has  been  studied  by  Pohl,  Brunton,  and  Briot.  Brunton 
describes  the  effects  of  the  poison  as  being  exactly  the  same  as 
that  of  Trachinus  draco,  and  Pohl  thinks  that  the  poison  acts  on 
the  heart  m  the  same  manner  as  he^  describes  for  Trachinus. 

On  the  other  hand,  Briot  thinks  that  it  is  quite  different  from 
Trachinus,  and  that  the  effects  produced  are  by  secondary  infection 
of  the  mechanical  wound  caused  by  the  spines.  Brunton's  descrip- 
tion of  the  symptoms  in  man  might  possibly  be  due  to  Trachinus 
only,  as  he  does  not  mention  specifically  whether  it  was  Trachinus  or 
Scorp^na  which  affected  the  person.  His  experiments  on  animals 
with  both  fish  appear,  however,  to  have  caused  the  same  symptoms 
He  pressed  the  spmes  of  the  poison  organs  against  the  hind-limb  of 
a  gumea-pig  or  a  rat.  In  a  few  minutes  the  animal  began  to  suffer 
pain  and  twitching  in  the  injured  limb,  followed  by  tremors  and 
convulsions  (if  disturbed),  and  later  by  death  from  collapse 
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The  description  which  he  gives  of  the  symptoms  in  human  beings 
for  either  Scorpcena  or  Trachinus  is  given  below,  but  reference  to 
his  original  paper  will,  we  think,  convince  the  reader  that  he  is 
really  dealing  with  a  Trachinus  sting. 
The  symptoms  of  an  attack  may  be  described  thus  : 
A  sharp  prick  is  felt  as  the  spine  enters  the  skin,  and  this  is  fol- 
lowed in  a  few  minutes  by  burning  and  itching,  which  shortly 
become  stabbing  pains,  increasing  in  violence  and  passing  up  the 
limb.  The  sufferer  now  lies  down  and  writhes  and  cries  in  agony, 
while  sweat  breaks  out  on  his  brow,  and  flashes  of  light  pass  in 
front  of  his  eyes.  He  begins  to  feel  a  sensation  of  suffocation,  and 
puts  his  hand  to  his  throat  and  heart,  while  the  pulse  is  felt  to  be 
intermittent.  Presently  he  loses  sight  of  the  bystanders,  and  in  a 
little  becomes  delirious,  crying  out  and  suffering  from  convulsions. 
This  condition  may  lead  to  collapse  and  death,  or,  after  lasting 


Fig.  33. — ScorpjENA  diabolus  Cuvier  and  Valentine. 
(From  Savtschenko's  '  Atlas  of  Poisonous  Fish.') 

several  hours,  may  gradually  subside  ;   but  the  convalescence  is 
slow,  and  the  patient  may  take  several  months  to  recover. 

The  local  conditions  show  at  first  merely  the  prick  of  the  spine, 
but  the  aperture  may  be  pigmented  by  the  covering  membrane 
already  alluded  to.  The  puncture  does  not  bleed,  but  the  skin 
around  for  about  ^  inch  is  whiter  than  usual,  and  outside  this  red- 
ness appears,  but  soon  all  the  surrounding  skin  is  red,  turning  as 
time  passes  darker  and  darker,  till  it  becomes  black  and  oedematous. 
The  prick  now  discharges  fluid.  In  a  day  or  so  the  affected  area 
sloughs  and  separates,  leaving  a  deep  wound.     Sometimes*a  spread- 
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Pelor  filamentosum. — In  this  fish  the  poison  apparatus  is  con- 
nected with  the  dorsal  fin,  and  resembles  that  of  Pterois  and  Scor- 
pcena.  With  regard  to  Pelor  japonicum  Cu.  and  Val.,  Scheube  says 
that  he  knew  of  a  case  in  which  a  sting  on  the  thumb  resulted  in 
phlegmonous  and  gangrenous  symptoms  so  severe  that  the  arm 
had  to  be  amputated. 

Acanthurus  luridus. — Acanthurus  luridus  possesses  a  poison  ap- 
paratus connected  with  the  dorsal  and  anal  fins  hke  that  of  Scor- 
pcena. 

Elasmohranchii. — Associated  with  the  poisonous  fish  of  the  Tele- 
ostei  must  be  placed  those  of  the  Elasmohranchii,  of  which  the 
sting  rays  (Trygonidae)  and  eagle  rays  (Myliobatidse)  alone  produce 
toxic  symptoms  by  blows  with  the  tail,  which  carries  a  spine. 
These  Rays  are  found  all  over  the  world,  and  we  have  received 
information  as  to  their  eifects  from  persons  who  have  been  in 
British  Guiana,  in  Australia,  and  in  Ceylon,  in  which  island  stings 
are  well  known  on  the  west  coast,  particularly  about  Dutch  Bay. 

Dr.  Crevaux  has  studied  Rays  from  the  Orinoco,  and  has  shown 
that  their  barbs  are  canalized  and  the  canals  connected  with  poison 
reservoirs.  This  poison  is  said  to  be  so  severe  as  to  be  able  to  kUl 
a  map  in  forty-eight  hours.  The  symptoms  of  Aetohatis  narinari, 
called  the  Bishop  ray,  and  of  Trygon  pastinaca  (from  Japan),  are 
.  violent  pain,  a  tendency  to  syncope,  with  locally  a  rapidly  forming 
swelling,  which  soon  becomes  the  seat  of  a  violent  inflammation 
and  even  at  times  gangrene.  The  symptoms  of  the  sting,  as 
observed  by  us  in  Ceylon,  are  local  pain  and  swelling.  The  general 
symptoms  are  not  severe.  Trygon  sephen  and  T.  walga  Miill.  and 
Hen.  are  known  in  Indian  waters. 

A  large  number  of  these  Elasmohranchii  have  not  got  special 
poison  glands,  and  the  venom  must  come  from  the  ordinary  skin 
glands. 

Amphibia. 

Toads  and  salamanders  have  been  celebrated  for  ages  as  venomous 
animals,  the  poison  being  found  in  their  parotid  glands  and  skin. 
In  toads  Faust  has  shown  that  there  are  two  poisons — (i)  an 
acid,  bufotalin,  and  (2)  a  neutral  body,  bufonin,  the  former  being 
the  more  active.  It  is,  as  a  rule,  scarcely  toxic  to  man,  only 
irritating  the  mucous  membranes,  especially  the  conjunctiva ;  but 
to  small  animals  it  is  toxic. 

In  salamanders  Zalesky  and  Faust  have  found  two  bodies,  one  an 
inorganic  base — salamandarin — and  another  an  alkaloid — salaman- 
daridin  >  but  this  poison  and  the  digitalis-like  poison  of  Bert  and 
Dulartre  in  frogs  are  not  of  sufficient  practical  interest  to  concern 
us  here. 

According  to  Vulpian  and  Caparelli,  Triton  cristaius  (Lam)  gives 
a  creamy  secretion  from  the  glands  of  the  skin  at  times  which  is 
poisonous  to  many  animals,  but  the  chemical  nature  of  which  is  not 
known. 
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CHAPTER  X 

TROPICAL  INTOXICATIONS  {continued)— 
REPTILIA 

Reptilia  :  Ophidismus.— Historical— Classification— The  act  of  striking— The 
venom— Entry  of  the  venom  into  the  body — Minimum  lethal  dose- 
Effects  of  the  venom— Excretion  of  the  poison— Immunity — Diagnosis 
— Prognosis —Treatment — Prophylaxis. — Lacertilia. — Mammalia. 

REPTILIA. 

The  Reptilia  include  two  groups  which  are  of  interest  to  medical 
men  in  the  tropics— viz. ,  the  Ophidia  and  the  Lacertilia  ;  but  the 
former  is  infinitely  rriore  important,  as  it  includes  the  venomous 
snakes. 

Snake  poisoning  is  called  '  ophidismus.' 

OPHIDISMUS. 

Ophidismus,  or  snake  poisoning,  is  the  most  important  branch  of 
animal  poisons,  because  not  merely  do  serious  and  even  fatal 
results  follow  snake-bite,  but  the  number  of  people  who  die  from  this 
cause  in  India  is  by  no  means  small,  being,  it  is  said,  about  20,000 
per  annum. 

Historical. 

The  history  of  the  study  of  snake-bites  and  their  effects  may  be  divided 
into  three  periods  : 

1 .  Period  of  ancient  theories. 

2.  Period  of  one  venom. 

3.  Period  of  more  than  one  venom. 

I .  Period  ol  Ancient  Tlieories. — The  ancients  were  acquainted  with  a  number 
of  snakes,  which  they  described  under  the  terms  Echis  and  Colubra,  but  it 
is  not  known  definitely  to  what  species  these  referred.  Echidna  was  a  term 
used  to  denote  the  female  viper. 

They  were  acquainted  with  the  main  symptoms  of  a  snake-bite,  and  had 
many  remedies,  including  the  tying  of  a  ligature  around  the  part  followed 
by  cupping  after  scarification,  and  the  administration  of  wine  and  theriac, 
the  last-mentioned  being  a  celebrated  remedy  which,  among  other  substances, 
contained  the  burnt  body  of  the  viper.  Celsus  recommends  the  sucking  of 
the  wound,  but  only  if  there  are  no  ulcers  on  the  gums,  palate,  and  other 
parts  of  the  mouth. 
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2.  Period  ol  One  Venom.— In  1664  Redi  studied  the  effects  of  viper-bites 
^yf^r?^^"^,  ""^n^aU-  and -Morse  Charas,  in  1669,  noted  the  important 
fact  that  the  blood  of  animals  bitten  by  vipers  was  coagulated,  and  came  to 
the  conclusion  that  the  symptoms  and  death  were  due  to  this  coagulation 

In  1767  Abbe  Fehx  Fontana  made  a  number  of  observations  on  animals 
bitten  by  vipers,  and  in  1796  Russell  published  an  account  of  his  experiments 
°?i  K?f  ^fj'^s-  l^  J821  Davy  gave  an  account  of  the  effects  on  animals 
of  the  bites  of  three  Ceylon  snakes. 

In  1843  Prince  Lucien  Bonaparte  pubUshed  his  important  discovery  that 
the  venom  of  the  adder  contained  an  active  substance,  which  he  called 
vipenne,  or  echidnine,  capable  of  being  precipitated  by  alcohol. 

In  1845  Braiuard  showed  that  if  an  animal  dies  at  once  after  the  bite  of  a 
rattlesnake  the  blood  will  be  found  to  be  clotted,  but  if  it  lives  for  some 
time  it  will  be  fluid. 

In  i860  Weir  Mitchell  laid  the  foundations  of  modern  investigations  into 
snake-venom  in  his  classical  paper  on  the  poison  of  Crotahis  durissus. 

In  1867  Sir  Joseph  Fayrer  began  his  work  on  Indian  snakes,  which  resulted 
in  the  publication  of  his  magnificent  altas  on  the  Thanatophidia  of  India 
m  1872,  and  several  papers  by  himself  and  Sir  Lauder  Brunton  in  1873-75. 

About  the  same  time  Vincent  Edwards  published  some  valuable  remarks 
on  snake  poisons  and  their  antidotes. 

In  1883  Wall  wrote  a,  most  excellent  little  book  on  the  colubrine  and 
viperine  snakes  of  India. 

In  1886  appeared  a  most  masterly  paper  by  Weir  Mitchell  and  Reichert,  in 
which  they  state  that  the  active  principles  are  globulins  and  peptones 
(proteoses).  These  researches  indicating  a  proteid  nature  for  the  venom  were 
confirmed  by  Wolfenden  and  Karlbach,  and  did  away  with  Gautier  and 
Blyth's  ideas  as  to  their  alkaloidal  nature.     . 

In  1892  Martin  alone  and  with  Smith  studied  the  venom  of  Australian 
snakes  (Hoplocephalus  and  Pseudechis),  and  concluded  that  the  venom  con- 
tained three  proteids — an  albumin  and  two  proteoses  (proto  and  hetero), 
the  latter,  however,  being  alone  virulent. 

In  the  meanwhile  observers  had  not  been  backward  in  making  attempts 
to  find  the  physiological  antidote  suggested  by  Weir  Mitchell  and  Reichert, 
"for  in  1887  Sewall  showed  that  by  repeated  injections  of  the  venom  of  Crotalus, 
pigeons  could  be  gradually  rendered  resistant  against  strong  doses  of  that 
poison  ;  and  a  little  later  Reichert  obtained  the  same  result  with  regard  to 
the  venom  of  the  French  viper.  In  1892  Calmette  published  the  first  of  his 
celebrated  series  of  investigations,  showing  that  successive  inoculations  of 
heated  venom  produced  in  animals  a  certain  degree  of  resistance  to  quantities 
of  the  poison  otherwise  surely  fatal.  Calmette  worked  largely  with  the 
cobra,  and  produced  in  rabbits  and  guinea-pigs  a  true  immunity.  He  further 
concluded  that  animals  vaccinated  against  the  cobra  also  withstood  with 
impunity  mortal  doses  of  the  venom  of  the  viper  and  other  snakes  {Bungarus, 
Cerastes,  Nafa  haje,  and  Pseudechis). 

Phisalix  and  Bertrand  also  studied  the  question  of  obtaining  an  immunity 
against  the, bite  of  the  viper.  Fraser  of  Edinburgh  in  1895  confirmed  these 
results  of  Calmette.  Since  then  there  has  not  been  the  slightest  doubt  that 
Calmette's  serum  is  of  the  greatest  value  in  certain  cases,  especially  against 
cobra  venom. 

In  188 1  permanganate  of  potash  was  recommended  as  an  antidote  by 
Professor  de  Lacerda,  of  Rio  de  Janeiro,  and  by  Badaloni  in  Italy  in  1882-84, 
and  lately  this  remedy  has  again  been  strongly  recommended  by  Rogers,  of 
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Period  of  more  than  One  Venom. — The  third  period,  extending  up  to  the 
present,  is  that  in  which  there  is  the  conception  that  there  are  at  least  two 
definitely  separate  types  of  venom,  one  of  which  may  be  called  the  colubnne 
type,  having  as  its  example  Naja  tripudians  ;  and  the  other  the  vipenne 
type,  which  may  be  exemplified  by  the  Vipera  russellii.  In  addition,  how- 
ever, there  are  venoms  which  show  characters  belonging  to  both  types. 

Weir  Mitchell  alone  and  with  Reichert  indicated  that  there  was  a  difference 
between  viperine  and  colubrine  poisons  ;  and  C.  J.  Martin,  working  on 
Pseudechis,  a  colubrine  snake,  discovered  the  intravascular  clotting,  and 
suggested  that  the  sudden  death  caused  by  Vipera  russellii  might  be  due 
to  this  cause,  which  hypothesis  Lamb  and  Hanna  confirmed. 

The  difference  in  the  working  of  these  two  classes  of  venoms  is  still  further 
accentuated  by  the  researches  of  Rogers,  and  later  by  those  of  Lamb,  which 
clearly  prove  that  Calmette's  antivenene  will  neutralize  the  colubrine,  but 
not  the  viperine,  venom. 

In  1902  a  most  valuable  paper  appeared,  by  Flexner  and  Noguchi,  showing 
that,  in  addition  to  the  neurotropic  principles,  the  venom  contained  agglutinins 
for  the  erythrocytes  and  for  the  leucocytes  which  were  probably  identical, 
and  lysins  for  erythrocytes  and  leucocytes  which  were  separate. 

They  also  pointed  out  that  venom  contained  hsemorrhagins,  and  lessened 
the  bactericidal  powers  of  the  blood.  They  showed  that  antivenene  neutralizes 
venom  by  removing  the  haemolytic  and  antibacteriolytic  actions.  These 
results  have  been  confirmed  and  extended  by  Kyes.  Sachs,  Lamb,  and  others. 

The  position  at  the  present  time  is  that,  though  snake  venom  is  extremely 
complex,  still,  three  kinds  of  venom  may  be  recognized  :  colubrine  type, 
viperine  type,  and  mixed  type.  In  this  last  both  colubrine  and  viperine 
types  are  represented,  but  one  is  predominant.  It  is  probable  that  the  main 
action  of  both  types  is  on  the  nervous  system,  but  that  other  principles  in  the 
venom  may  mask  this  important  action. 

With  regard  to  treatment,  there  is  no  doubt  as  to  the  value  of  Calmette's 
serum  in  cobra-poisoning,  and  Lamb's  serum  in  Cobra  and  Vipera  russellii 
poisoning,  though  the  old  method  of  ligature  and  incision,  together  with  the 
application  of  permanganate  of  potash,  is  still  the  most  practically  useful 
method  of  treatment. 

Classification. 

The  order  Ophidia  includes  a  large  number  of  families,  of  which 
only  two  are  ofsimportance  to  the  tropical  practitioner — viz.,  Colu- 
bridae  and  Viperidse. 

COLUBRIDiE. 

The  family  of  the  Colubridae  is  said  to  contain  nine-tenths  of  the 
whole  of  the  species  belonging  to  the  Ophidia,  and,  roughly  speaking, 
any  reptile  which  would  u^ally  be  called  a  snake,  other  than  pythons 
and  vipers,  belongs  to  this  order. 

The  Colubridffi  are  divided  in  works  on  snake  poisons  into  the 
non- venomous  and  the  venomous,  and  the  latter  are  joined  with  the 
vipers  to  form  a  subclass  of  the  order  Ophidia  called  Thanatophidia, 
or  poisonous  snakes ;  but  this  classification  is  by  no  means  satisfac- 
tory, as  will  presently  be  shown. 

The  usual  classification  of  the  Colubridae  is  into  three  series. 

I.  Aglypha— Poisonous  Colubrida  possessing  solid  ungrooved 
leeth.— The  Aglypha  are  usually  stated  to  be  non-poisonous,  but 
the  observations  of  Phisalix  and  Bertrand  on  Tropidonotus  (sp.  ?), 
and  Alcock  and  Rogers  on  Zamenis  mucosus  and  Tropidonotus 
piscator,  prove  that  the  saliva  of  these  species  is  poisonous  to  rats, 
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mice,  and  guinea-pigs.  Thus  hypodermic  injections  of  the  saliva  of 
the  two  last-named  snakes  will  cause  convulsions  and  death  from 
failure  of  respiration  in  rats  and  mice. 

Therefore  the  saliva,  though  it  may  not  be  known  to  have  affected 
even  a  child,  must  be  looked  upon  as  poisonous,  and  the  Aglypha 
must  be  grouped  with  the  other  Colubridfe  and  the  Viperida  under 
the  head  Thanatophidia. 

The  Aglypha  are  divided  into  three  sub-families  :  Acrochordina, 
Colubrinse  (rat-snakes),  and  Dasypeltinae  (African  egg-eating 
snakes). 

Some  of  the  important  species  are  Tropidonotus  natyix,  the 
common  British  snake,  and  Coronella  austriaca,  a  rare,  snake  found 
in  South  England. 

Tropidonotus  fasciatus  is  the  North  American  water  moccasin, 
Zamenis  mucosus  the  Indian  rat-snake,  and  Dasypeltis  scabra  is  the 
African  egg-eating  snake. 

2.  Opisthoglypha — Poisonous  Colubridse  with  one  or  more  of 
the  hinder  teeth  of  the  upper  jaw  grooved. — Early  last  century 
there  was  a  great  controversy  as  to  whether  these  snakes  were 
poisonous  or  not,  and  it  is  generally  stated  nowadays  that,  though 
poisonous,  their  venom  is  weak,  and  that  the  position  of  the  poison- 
fangs  at  the  back  of  the  mouth  prevents  the  bite  from  hurting  man. 
Quelch  has,  however,  recorded  cases  in  which  bites  on  the  fingers 
from  Erythrolamprus  cesculapii  L.  and  Xenodon  severus  have  caused 
severe  inflammation. 

The  following  list  is  given  by  Faust  as  being  known  to  be  poisonous 
to  animals :  Ccelopeltis  monspessulana  Herm,  Trimorphodon  biscutatus 
D.  and  B.,  Tarbophis  savignyi  Descr.,  Dryophis  prcfsinus  Russl.,  and 
Leptodira  annulata  t. 
The  Opisthoglypha  are  divided  into  three  sub-families  : 
(i)  DipsadomorphincB — Opisthoglyphida  with  well-developed  mouth, 
and  nostrils  situated  at  the  side  of  the  head. — ^They  include  the  Indian 
tree-snakes. 

(2)  ElachistodontincB — Opisthoglyphida  with  rudimentary  teeth  on 
the  palatine  aud  pterygoid  bones. -^Iheiv  venom  is  said  to  be  so 
weak  and  their  poison-fangs  so  unfavourably  situated  that  they  are 
not  to  be  considered  as  dangerous  to  man.  They  include  the  Indian 
egg-eating  snakes. 

(3)  HomalopsincB — Opisthoglyphida  loith  nostrils  valvular  and 
situated  on  the  upper  part  of  the  snout. — ^They  are  all  water-snakes.^ 

3.  Proteroglypha— Poisonous  Colubridae  with  the  front  teeth  in 
the  upper  jaw  well  developed  to  form  fangs,  and  grooved  anteriorly. 
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rhen  excited,  it  expands  the  skin  behind  the  head  by  throwing 
utwards  the  cervical  ribs. 

Buddhists  regard  these  snakes  with  reverence,  because  one  with 
even  heads  is  said  to  have  placed  its  expanded  hoods  over  Buddha  s 
ead,  and  thus  to  have  protected  him  from  the  glare  of  the  mid- 
ay  sun. 

Naja  tripudians  Merr.,  the  cobra  with  one  spot,  or  a  pair  of 
pectacles  on  its  hood,  is  common  in  India  and  Ceylon.  N.  bungarus 
ichlegel.,  the  king  cobra,  or  hamadryad,  is  not  so  common,  but  is 
eared  because  of  its  size,  and  because  it  is  said  to  attack  people. 
\[.  haje  L.  is  Cleopatra's  asp,  and  is  well  known  as  a  resident  of 


Fig.  34. — Naja  tripudians  Merrem 
(the  Cobra). 

Egypt  and  North  Africa.  N.  regalis  Schl.  is  found  on  the  Gold  Coast. 
N.  nigricoUis  Reinh.  is  found  on  the  Gold  Coast  and  in  Sierra  Leone. 

The  kraits  are  also  included  in  this  family,  and  are  Bungarus 
zandidus  L.,  the  true  krait,  and  B.  fasciatus  Schn.,  the  banded 
krait,  with  yellow  and  black  bands,  both  of  which  are  common  in 
India,  while  B.  ceylonicus  Gthr.  is  the  carawalla  of  Ceylon.  The 
Elapinae  are  the  only  poisonous  snakes  of  Australia,  and  include 
Notechis  scutatus  Ptrs.  and  N.  pseudechis,  and  Acanthophis  ant- 
arcticus  Shaw,  the  death  adder,  recognized  by  the  spines  on  its  tail. 

Elaps  corallinus  Wied,  the  coral  snake,  with  black  and  red  bands 
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separated  by  narrow  rings  of  a  yellow  colour,  is  found  in  Columbia 
British  Guiana,  Venezuela,  and  Brazil. 


Fig.  35. — BuNGARUS  ceylonicus  Gunther 
(the  Carawalla  of  Ceylon). 

The  Sepedons  are  hooded  snakes  like  cobras  [Sepedon  hcemachates 
Lacep  of  South  Africa),  and  are  supposed  to  throw  their  venom 
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Fig.  36. — Hydrus  platurus  Linnaeus  (a  Sea-Snakb). 
Note  the  flattened  tail. 

so  far  that  there  is  a  danger  of  it  getting  into  the  eyes  of,  animals 
and  human  beings,  and  causing  severe  conjunctivitis. 
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None  of  these  snakes  are  found  in  Europe  or  America. 

HydrophincB—ProteroglyphcB  living  in  the  sea,  and  possessing  a 
at  tail.— These  snakes  can  be  seen  swimming  m  families  tar  out 
I  the  Indian  Ocean,  but  are  also  found  in  all  Eastern  tropical  sea^. 

The  best-studied  species  is  Enhydrina  valakadten  Boie  Anotner 
Decies,  Distira  semperi  Garm,  lives  in  fresh  water  m  the  I'hiiippine 
slands.     It  is,  of  course,  dangerous  to  fishermen. 

VIPERID^. 

The  vipers  are  characterized  by  their  triangular  head  and  their 

iibular  poison-fangs  (hence  the  name  Solenoglypha) ,  which  are  situ- 

ted  anteriorly  in  the  mouth,  and  are  provided  with  a  wide  foramen, 

iercing  the  base  anteriorly  for  connection  with  the  duct  of  tHe 


FlG.^37. — ViPERA    RUSSELl-Il    ShAW    (THE    TiCOLONGA    OF    CeYLON). 

joison  gland.  They  possess  a  stout  body  and  short  tail,  and  are  aH 
/iviparous. 

The  vipers  are  divided  into — 

Crotalinse. — Vipers  with  a  deep  pit,  probably  sensory  in  function, 
jituated  between  the  nostril  and  the  eye  on  each  side  of  the  head. 

Viperinse. — Vipers  without  such  a  pit. 

CrotalinsB.— The  Crotalinae  include  the  rattlesnakes,  so  called 
because  they  have  a  number  of  horny  rings  which  fit  into  one  another 
at  the  end  of  the  taU. 

There  are  two  divisions  of  rattlesnakes  in  America — Crotalus  and 
Sisturus — distinguished  by  the  former  having  many  small,  and  the 
latter  only  nine  large,  scales  on  the  top  of  the  head. 

The  best-known  rattlesnakes  are  Crotalus  horridus  L.,  C.  scutu- 
latus  Kenn,  of  Texas,  C.  confluentus  Say,  of  the  Pacific,  C.  durissus 
L.,  and  C.  cerastes  Hallow. 

Other  genera  are  Ancistrodon,  with  Ancistrodon  piscivorus  Lacep, 
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the  water  moccasin,  and  A.  contortrix  L.,  the  copper-head  •  Lachesis 
with  Lachests  lanceolatus  Lacep,  the  celebrated  fer-de-lance  of  Mar- 
tinique; Z  anamallensis  Gthr.  and  Sisiurus,  with  Sisturus  ravus 
Cope  and  5.  miliarius  L. 

Viperinae.— The  true  vipers  include  :  Vipem  herus  L.,  the  adder 

of  England ;  V.  russellii  Shaw,  the  handsome  viper  of  India  and 

Ceylon ;   Bitis  arietans  Merr,  the  puff-adder  of  the  Gold  Coast  • 

•  Cerastes  cornutus  Forsk,  the  horned  viper  of  North  Africa ;  and 

Echis  carinatus  Schn.,  the  viper  of  the  Pyramids,  called  '  efa.' 

The  Act  of  Striking. 

The  poison  is  secreted  by  glands,  which  are  either  modified 
upper  labial  glands  or  a  pair  of  glands  occupying  the  sides  of  the  head 
behind  the  eyes,  and  which  are  the  homologues  of  the  parotid  gland 
of  other  animals.  The  duct  usually  begins  as  a  receptacle  which 
runs  the  whole  length  of  the  gland.  This  receptacle  is  of 
importance,  as  it  enables  the  reptile  to  store  the  venom.  Into  this 
receptacle  the  smaller  ducts  of  the  gland  open,  and  from  it  the 
main  duct  runs  forward  just  above  the  line  of  the  lip,  to  a  point 
below  the  eye.  It  is  now  bent  backwards,  and  ends  on  a  small 
papilla  on  the  anterior  wall  oi  the  sheath  of  mucous  membrane, 
which  embraces  the  base,  of  the  fang. 

Weir  Mitchell  describes  a  sphincter  muscle  of  reddish  appearance, 
and  composed  of  non-striated  muscle,  on  the  course  of  the  duct  of 
Crotalus,  but  no  such  sphincter  has  been  described  in  the  other 
snakes. 

The  poison  from  the  duct  either  runs  along  a  groove  on  the 
anterior  surface  of  a  long  tooth  called  the  fang,  or  else  along  a  canal 
formed  by  the  sides  of  the  groove  meeting  and  coalescing  by  the 
bending  of  the  developing  dentine.  The  vipers  have  the  longest 
fangs,  measuring  nearly  i  inch. 

The  poison  fang  projects  downwards  and  backwards  in  the 
closed  mouth,  being  firmly  attached  to  the  alveolar  process,  and  it 
is  entirely  due  to  the  free  mobility  of  the  cranial  bones  one  on  the 
other  that  the  fang  can  be  placed  in  such  a  position  as  to  be  able  to 
enter  the  skin  of  the  victim. 

The  act  of  striking,  as  described  by  Weir  Mitchell  in  Crotalus,  is 
as  follows : 

In  preparing  to  strike,  the  snake  first  of  all  throws  itself  into  its 
well-known  characteristic  attitude,  with  the  lower  part  of  the  body 
coiled,  the  tail  slightly  projecting,  and  the  head  raised  a  few  inches. 

The  tongue  now  darts  backwards  and  forwards,  and  the  air  of 
expiration,  in  passing  through  the  narrow  glottis,  produces  the 
characteristic  hissing.  The  muscles  on  the  convexity  of  the  coils 
now  contract  and  straighten  the  snake,  so  that  the  head  is  thrust 
suddenly  upwards,  forwards,  or  downwards  as  required.  The 
maximum  thrust  is  half  of  the  body-length,  the  usual  one-third  ; 
but  the  reptile  judges  this  for  itself,  and  sometimes  makes  mistakes. 
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The  jaws  are  widely  separated,  and  the  head  is  bent  back  on  the 
cervical  vertebrae,  and  a  muscle  called  the  spheno-pterygoid,  wtiicti, 
passing  from  the  basal  orbito-sphenoid  region  backwards,  to  be 
inserted  into  the  inner  dorsal  surface  of  the  pterygoid,  contracts, 
and  draws  forward  the  pterygoid,  thus  pushing  upwards  the 
ectopterygoid  (transversum),  and  causing  the  superior  maxillary 
bone  to  rotate  forward  on  its  lachrymal  articulation,  and  thus  to  erect 
the  fang  This  motiort,  when  it  reaches  its  limit,  is  checked  by 
ligaments,  and  now  the  lachrymal  yields  a  little  to  the  force 
ipphed  to  the  maxilla,  with  the  result  that  the  whole  muzzle  of 
the  snake  is  elevated,  and  produces  the  curious  appearance  which 
it  has  when  preparing  to  strike.  The  fang  now  enters  the  flesh  of 
:he  victim,  and  the  head  of  the  snake  is  drawn  violently  back- 
Awards,  too  much  action  being  prevented  by  the  muscles  of  the 
;pine.  In  the  meanwhile  the  spheno-pterygoid,  acting  from  the 
Pterygoid,  and  together  with  the  external  pterygoid,  rotates  the 
naxilla  and  pulls  the  fang  backwards,  and  so  drives  it  deeply  into 
;he  flesh. 

The  lower  jaw  now  closes  on  the  bitten  part,  and  this  act  squeezes 
he  fluids  from  all  parts  of  the  glands  forwards  into  the  duct,  and 
lot  merely  deepens  the  wound,  but  injects  the  venom  forcibly  into  it. 

The  snake  then  has  to  disentangle  itself,  and  in  so  doing  may 
ose  its  fang.  But  this  is  of  no  monaent,  for  fangs  are  shed 
laturally,  and  there  are  a  number  of  tooth-germs  in  different 
tages  of  development  ready  to  take  the  place  of  the  lost  tooth. 

Sometimes  the  fangs  have  not  been  properly  erected,  and  therefore 
inly  their  convex  borders  touch  the  skin  of  the  victim,  in  which 
ase  the  venom  will  flow  on  to  the  skin,  but  the  fangs  will  not  pene- 
rate. 

The  Venom, 

Collection. — ^The  venom  can  be  collected  by  making  the  snake 
trike  a  watchglass  covered  with  a  thin,  tightly  stretched  piece  of 
ndiarubber  sheeting,  or  by  chloroforming  the  snake  and  squeezing 
:he  poison  out  of  the  glands  into  a  vessel. 

In  order  to  preserve  this  venom,  it  must  be  quickly  dried  over 
;alcium  chloride  or  sulphuric  acid  in  a  desiccator,  when  it  will  keep 
or  years — e.g.,  Weir  Mitchell  kept  his  Crotalus  venom  for  twenty- 
:hree  years,  and  then  found  it  active. 

Physical  Characters. — The  quantity  of  the  venom  obtained  depends 
ipon  many  factors,  such  as  the  general  condition  and  size  of  the 
>nake,  whether  it  has  previously  ejected  venom,  and  whether  it 
las  been  long  in  captivity — a  condition  in  which  the  secretion 
liminishes. 

An  adult  cobra  in  good  condition  is  said  by  Martin  to  give  from  0'6  c.c. 
:o  I 'I  c.c,  and  this  should  yield  from  200  to  370  milligrammes  of  solids. 
!;almette  gives  124  milligrammes  of  liquid  venom,  yielding  35  milligrammes 
)f  dry  venom  for  Naja  haje  L. 

The  water-snake,  Enhydrina  valakadien  Boie,  gives  only  9^4  to  2"3  milli- 
[rammes  of  dry  venom,  according  to  Rogers. 
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A  Vipera  mssellU  Shaw  gives  from  o-6  c.c.  to  ro  c.c.  of  liquid  which 
yields  150  to  250  milligrammes  of  solids.  ' 

According  to  C.  J.  Martin,  NoUchis  scutatus  Ptrs.  gives  205  milligrammes 
of  liquid,  containing  73  milUgrammes  of  soUds,  Notechis  pseudechis  160  milli- 
grammes of  liquid  and  94  milligrammes  of  solids. 

According  to  Calmette,  Lachesis  lanceolatus  Lacep  gives  320  milUgrammes 
of  liquid  venom,  containing  127  milligrammes  of  solids.  Cerastes  cornutus 
Forsk  from  Egypt  gave  123  milligrammes  of  liquid  and  27  milligrammes  of 
soUds,  and  Crotalus  confluentus  Say  gave  370  milUgrammes  of  Uquid  and 
105  milUgrammes  of  soUds  ;  while  Crotalus  durissus  L.,  according  to  Flexner 
and  Noguchi,  yields  from  309  to  179  milUgrammes  of  dry  venom;  and 
Ancistrodon  piscivorus  Lacep  from  180  to  125  milUgrammes. 

The  different  venoms  vary  in  physical  characters,  as  may  be 
judged  by  a  few  descriptions. 

Cobra-venom,  when  fresh,  is  a  transparent,  almost  colourless 
fluid,  with  a  syrupy  consistence  and  a  disagreeable  bitter  taste. 

When  dried,  it  becomes  yellowish-brown,  and  may  be  kept  for 
months.  It  can  decompose  and  become  of  a  dark  brown  colour, 
possessing  a  disagreeable  odour. 

Crotalus-venom,  according  to  Mitchell,  may  vary  from  a  pale 
emerald-green  to  an  orange  or  straw  colour,  and  when  dried  re- 
sembles dried  albumin.     It  has  no  taste  or  smell. 

The  poison  varies  in  colour,  being  clear  and  limpid  or  pale  straw 
or  yellow  in  colour,  which  is  said  to  vary  with  the  degree  of  pig- 
mentation of  the  snake  and  the  concentration  of  the  venom. 

The  specific  gravity  varies  from  1030  to  1044  (Weir  Mitchell)  for 
Crotalus,  mo  for  Cobra,  and  1077  for  Vipera  russellii. 

Microscopically,  there  may  be  only  a  few  epithelial  cells  and 
salivary  corpuscles  and  bacteria,  all  due  to  contamination  with 
fluids  from  the  mouth. 

Chemical  Analysis. — ^The  reaction  of  pure  venom  is  acid. 

The  ultimate  analysis  was  made  by  Armstrong  for  Sir  Joseph 
Fayrer,  and  is  as  follows  : 


Crude  Dried  Poison. 


Carbon 
Nitrogen 


43-55 
13-43 


Alcoholic  Extract. 


Carbon 
Nitrogen 
Hydrogen 
Sulphur 
Ash     .. 


4576 

14-30 

6-6o 

2-50 

Traces. 


These  figures  merely  indicate  the  presence  of  proteid  in  some 
form,  and,  as  a  matter  of  fact,  Armstrong  found  reactions  indicating 
the  presence  of  albumin  ;  but  it  must  be  remembered  that  Prince 
Charles  Lucien  Bonaparte  had  already  shown  that  a  proteid  existed 
in  the  venom  of  the  viper,  and  that  the  toxicity  was  carried  down 
with  this  when  precipitated,  and,  further,  that  Weir  Mitchell  had 
corroborated  his  statements  while  examining  Crotalus-venom. 
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Weir  Mitchell  and  Reichert  went  further,  and  discovered  •  tox- 
albumins  of  the  nature  of  globulins  (which  must  be  considered  to 
include  the  more  modern  proteoses)  in  venom.     They  considered 
these  proteids,  which  they  found  to  be  poisonous,  to  be  the  true 
active  principles  of  the  venom.     In  this  they  have  received  support 
from  Phisalix  and  Bertrand,  who  separated  from  viper-venom  two 
toxalbumins — echidin,  which  acts  locally ;    and  echitoxin,  which 
acts  generally — and  ako  from  C.  J.  Martin  and  Smith,  who  showed 
that  the  proteoses  consisted  of  proto-  and  heteroproteose,  with 
perhaps  a  little  deuteroproteose,  and  that  true  peptones  were  absent. 
The  reader  will,  therefore,  not  be  surprised  to  hear  that  venom 
gives  proteid  reactions — e.g.,  Millon's,  the  xanthoproteic  and  the 
biuret — and  that  precipitates  appear  on  the  addition  of  picric  acid, 
copper  sulphate,    and   alcohol,    and   on   saturation   with   sodium 
chloride,  magnesium  chloride,  or  ammonium  chloride,  and,  lastly, 
that  it  coagulates  on  heating. 

With  regard  to  heat,  it  is  found  that  viperine  venoms  more 
readily  lose  their  toxicity  than  colubrine — e.g.,  80°  to  85°  C.  will 
destroy  most  of  the  former  venoms,  while  it  takes  120°  C.  to  do 
the  same  to  those  of  the  latter  with  certainty. 

If  venom  is  only  heated  to  the  temperature  of  first  coagulation, 
and  then  filtered,,  it  will  be  found  that  the  filtrate  still  gives  a  pre- 
cipitate with  alcohol,  and  is  still  active,  though  its  virulence  is 
diminished,  and  that  this  action  is  mostly  on  the  nervous  system. 

The  analysis  of  venom,  however,  does  not  stop  with  toxalbumins, 
for,  as  Ewing  pointed  out  long  ago,  they  contain  true  toxins  allied 
to  those  produced  by  bacteria,  and  recently  Faust  has  separated 
from  the  toxalbumins  a  very  poisonous  non-nitrogenous  substance 
called  ophiotoxin. 

The  knowledge  of  these  toxins  is  principally  due  to  the  work  of 
Flexner  and  Noguchi  on  the  venoms  of  Crotalus  durissus,  Ancis- 
trodon  piscivorus,  A.  contortrix,  and  Naja  tripudians. 

The  work  of  these  investigators,  coupled  with  that  of  C.  J. 
Martin,  Calmette,  Lamb,  Weir  Mitchell,  Reichert,  Stewart,  Rogers, 
and  others,  have  shown  that  snake-venoms  are  very  complex  liquids 
containing  some,  but  not  in  any  one  venom  all,  of  the  following 
active  principles  : 

1.  Neurotoxins. 

(i)  Acting  principally  on  the  respiratory  centre. 

(2)  Acting  principally  on  the  vasomotor  centre. 

(3)  Acting  upon  nerve  end-plates  in  striated  muscle,  par- 

ticularly on  those  of  the  phrenics. 

2.  Agglutinins. 

3.  Cytolysins. 

(a)  Haemolysins. 

(b)  Leucolysins. 

(c)  Haemorrhagins. 

(d)  Other  cytolysins. 
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4.  Antihcemolysins. 

5.  Antibadericidal  substances. 

6.  A  fibrin  ferment. 

y.  An  antiflbrin  ferment. 

8.  A  proteolytic  ferment. 

g.  A  cardiac  and,  vascular  tonic. 

Of  these  principles,  the  most  important  are  the  neurotoxins,  the 
cytolysins,  and  the  fibrin  ferment. 

The  analysis  of  the  venom,  according  to  Martin,  maybe  effected  by: 

(i)  Dialyzing  and  filtering  the  venom  through  a  gelatin  filter 
supported  -in  the  pores  of  a  Pasteur-Chamberland  filter.  Fibrin 
ferments  and  hcemorrhagins  do  not  dialyze. 

(2)  Heating  from  70°  to  100°  C,  when  some  neurotoxins  and  some 
hcemolysins  will  not  be  affected. 

(3)  Haemolysins  can  ^be  separated  from  neurotoxins  by  digestion 
with  red  blood  cells  mixed  with  serum  which  has  previously  been 
heated  to  56°  C. , 

Neurotoxins  and  other  cytolysins  can  be  separated  by  the  method 
of  Flexner  and  Noguchi,  which  will  be  described  later.  It  must  be 
clearly  understood  that  the  venom  of  any  one  snake  does  not 
contain  aU  these  principles. 

I.  Neurotoxins. — ^The  neurotoxins  are  the  most  important 
active  principles  of  the  venom  of  many  snakes,  especially  the 
colubrine  snakes.  They  have  been  studied  in  Ancistrodon 
contortrix  by  Flexner  and  Noguchi,  who  tested  the  anchoring 
power  of  the  various  tissues  of  the  body  for  the  principles  in 
venom  in  the  following  manner  :  They  took  a  definite  weight  of 
tissue  washed  in  tepid,  sterile,  normal  saline  solution,  and  after 
triturating  it  in  a  sterile  mortar,  mixed  it  in  test-tubes  with  a 
given  number  of  minimal  lethal  doses  (M.L.D.)  of  the  venom. 
The  mixture,  after  being  placed  in  a  thermostat  for  one  hour,  was 
centrifugalized,  and  the  supernatant  fluid  injected  into  guinea-pigs. 
They  first  took  2  grammes  of  the  organs,  and  mixed  them  with 
three  times  M.L.D.,.  calculating  that  after  centrifugahzmg  there 
should  be  left  at  least  two  M.L.D. 
The  results  were  as  follows  : 

Control  guinea-pig  died  in  45  minutes. 

Brain-injection  guinea-pig  died  in  19  hours. 

Blood-injection  guinea-pig  died  in  3  hours  50  mmutes. 

Adrenals-injection  guinea-pig  died  in  2  hours  35  minutes. 

Spleen-injection  guinea-pig  died  in  2  hours  10  minutes. 

Liver-injection  guinea-pig  died  in  i  hour  30  minutes. 

Kidney-injection  guinea-pig  died  in  i  hour  55  minutes. 

Muscles-injection  guinea-pig  died  in  i  hour  30  minutes. 
Next  they  tried  two  M.L.D.,  with  the  following  results  : 

Brain-injection  guinea-pig  survived. 

Blood-injection  guinea-pig  died  in  28  hours. 

Liver- injection  guinea-pig  died  in  19  hours. 

12 
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From  these  experiments  they  conclude  that  snake-venom  con- 
tains a  neurotoxic  principle,  which  is  the  chief  poison,  and  which 
unites  in  multiple  minimal  doses  with  the  nerve  cells,  but  that,  even 
if  this  chief  toxic  principle  be  removed,  there  is  still  left  sufficient 
hasmolysin  to  cause  death. 

This  neurotoxic  substance  has  been  shown  by  Rogers  in  the 
cobra  and  the  Hydrophidae  to  attack  the  respiratory  centre  in  the 
medulla,  the  respirations  becoming  both  fewer  in  number  and  less 
in  amplitude  minute  by  minute,  until  they  cease  if  sufficiently  large 
doses  are  administered,  but  when  smaller  doses  are  given  there  is  at 
first  a  temporary  stimulation. 

Further,  he  shows  that  the  neurotoxic  substance  can  paralyze 
the  end-plates  of  the  phrenic  nerves  in  the  diaphragm  shortly  after 
the  failure  of  the  respiratory  centre  in  the  medulla. 

The  blood-pressure  does  not  appear  to  be  affected  by  the  poison, 
and,  in  fact,  the  circulation  can  be  kept  going  for  a  long  time  after 
cessation  of  breathing  if  artificial  respiration  is  resorted  to — a  fact 
first  shown  by  Brunton  and  Fayrer. 

On  the  other  hand,  with  regard  to  viperine  snakes — e.g.,  Viper  a 
russellii,  Bitis  arietans,  Crotalus  horridus,  and  Lachesis  anamallensis 
— Rogers  concluded  that  the  neurotoxin  acted  upon  the  vasomotor 
centre  in  the  medulla — a  point  which  was  noted  by  Weir  Mitchell 
and  Reichert  as  a  cause  of  the  variation  of  the  blood-pressure  in 
Crotalus  poisoning. 

There  are  thus  several  neurotoxic  elements  in  snake-venom,  of 
which  two  great  groups  can  at  present  be  provisionally  described  : 

(i)  Colubrine  neurotoxic  element,  acting  upon  the — (i)  Respira- 
tory centre  in  the  medulla  ;  (2)  the  end-plates  of  the  phrenic  nerve. 

(2)  Viperine  neurotoxic  element,  acting  upon  the  vasomotor  centre 
in  the  medulla. 

Kilvington  has  studied  the  effects  of  the  venom  of  Hoplocephalus 
curtus  Giinther  (Brachyaspis  curta  Schleg)  on  nerve  cells,  and 
found  that  the  nerve  cells  of  the  central  part  of  the  cervical  enlarge- 
rnent  showed  a  breaking-up  of  the  Nissl  granules  into  a  fine  dust-, 
like  deposit.  The  nucleus  may  become  indistinct,  but  it  remains 
in  the  centre  of  the  cell.  The  cells  are  unequally  attacked. 
Those  around  the  central  canal  are  most  severely  injured,  while 
the  motor  cells  are  little  affected.  In  sudden  death  no  change  is 
noted.  He  says  that  the  character  of  the  changes  are  of  the  same 
order  as  those  described  by  Marinesco  as  toxic  degeneration,  and 
are  very  like  those  following  the  fatal  dose  of  abrin.  Inflammatory 
and  vascular  changes  are  absent. 

As  to  the  cause  of  this  cyctolysis,  it  would  appear  from  the  re- 
searches of  Flexner  and  Noguchi  that  it  is  probably  due  to  the  union 
of  an  endocomplement  (capable  of  being  neutralized  by  calcium 
chloride,  and  therefore  not  lecithin)  in  the  nerve  cell  with  an  ambo- 
ceptor in  the  venom.  This  neurotoxin,  according  to  Ehrlich's 
denominatir)n,  is  neurotropic — i.e.,  unites  only  with  nerve  cells — 
and  monotropic — i.e.,  has  affinities  for  one  tissue  only. 
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These  facts  have  been  demonstrated  by  Flexner  and  Noguchi  in 
cobra-venom  by  first  treating  it  with  erythrocytes  to  remove  the 
haemolysin,  and  then  heating  it  to  destroy  the  hsemorrhagin,  thus 
leaving  only  the  neurotoxic  principle  to  act  on  the  animal. 

They  found  that  after  cerebral  injection  the  appearance  of  the 
nervous  symptoms  was  almost  immediate,  while  with  other  methods 
of  injections  the  development  was  more  gradual. 

The  first  effect  of  the  neurotoxin  was  irritation  (convulsions), 
and  the  final  paralysis.  By  cobra-venom,  death  was  caused  by 
respiratory  paralysis.  Intracerebral  injection  of  a  viperine  venom 
like  that  of  Crotalus,  however,  caused  but  slight  symptoms. 

They  further  found  that  the  venoms  of  Ancistrodon  piscivorus 
Lacep  and  A.  contortrix  L.,  occupied  an  intermediate  position 
between  the  colubrine  and  viperine  venoms,  containing  both  neuro- 
toxins and  hsemolysins  in  considerable  quantities.  From  these 
experiments  it  was  possible  to  classify  venoms  into  the  three  classes 
given  above. 

2.  Agglutinins. — Agglutination  of  the  red  cells  was  first  de- 
scribed by  Weir  Mitchell  and  Reichert,  and  that  of  the  leucocytes 
by  Halford  and  Ralf. 

The  reaction  can  be  studied  by  adding  a  001  per  cent,  to  10  per 
cent,  solution  of  dried  venom  in  normal  saline  to  washed  cor- 
puscles suspended  in  normal  saline. 

The  time  required  for  agglutination  depends  upon  the  strength 
of  the  solution  of  venom,  and  the  effect  upon  the  corpuscles  depends 
upon  whether  they  come  together  quickly  or  slowly.  In  the  former 
case  they  are  not  damaged,  while  in  the  latter  their  shape  is 
considerably  altered.  Agglutinins  are  destroyed  by  heating  the 
venom  to  75°-8o°  C. 

The  agglutinins  for  the  red  cells  appear  to  be  the  same  sub- 
stances as  those  for  the  white,  and  in  both  cases  they  appear  to 
act  prior  to  the  cytolysis  of  the  cells. 

3.  The  Cytolysins— (a)  HcBmolysins.—Fonta.na.  many  years  ago 
noted  that  the  blood  of  animals  bitten  by  vipers  was  fluid,  and  Weir 
Mitchell  and  Reichert  described  the  haemoglobin  dissolving  out  of 
the  agglutinated  red  corpuscles,  which  finally  became  mvisible  when 
treated  with  Crotalus-venom.  Feoktistow  showed  that  a  2  per 
cent,  solution  of  the  venom  of  Viper  berus  destroyed  red  corpuscles 
in  eighteen  to  twenty-four  hours.  Martin  has  also  demonstrated 
that  the  venom  of  P'seudechis  in  o-i  per  cent,  solution  destroyed 
the  red  corpuscle! 

Flexner  and  Noguchi  showed  that  these  hsemolysms  must  be 
looked  upon  as  amboceptors,  which  require  a  complement,  and  this 
they  obtain  in  the  bactericidal  principles  found  ui  the  serum  ot  the 
victim.  Hence,  when  they  join  with  the  erythrocytes  and  the 
complement,  they  not  merely  produce  haemolysis,  but  they  take 
away  the  bactericidal  powers  from  the  blood.  If,  as  was  found  t< 
be  the  case  in  Necturus,  they  are.  incapable  of  uniting  with  the 
complements,   they  are   incapable   of  damagmg  the   bactericida 
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properties  of  the  serum ;  for  it  was  found  that  haemolysis  was  bu 
slightly  produced  in  the  blood  of  Necturus,  and  then  only  afte 
long  periods,  and ,  at  the  same  time  the  serum  of  Necturus  dv 
not  lose  its  bactericidal  effects  to  Bacillus  colt  communis  an( 
B.  typhosus. 

The  hemolysins  have  been  further  studied  by  Kyes,  who  showec 
that  in  some  animals  the  venom  alone  could  haemolyze  the  washec 
red  cells,  whereas  in  others  it  could  not  do  so  until  some  fresh  serun 
was  added.  In  the  first  class  came  man,  dog,  rabbit,  guinea-pig 
and  horse,  and  with  reference  to  these  he  came  to  the  conclusior 
that  the  complement  was  contained  in  the  red  blood  cell  itsell 
— i.e.,  was  an  endocomplement.  In  a  further  research  with  Sachs, 
he  shows  that  this  endocomplement  is  attached  to  the  stroma  oJ 
the  red  cells.  Further,  they  conclude  that  it  is  the  lecithin  of  the 
stroma  which  acts  as  the  complement,  and  support  this  by 
experiments  showing  that  lecithin  prepared  from  the  yolk  of  an 
egg  can  act  as  a  complement  for  the  venom,  and  dissolve  cells 
which  are  not  affected  by  the  venom  alone.  They  look  upon  the 
fatty  acid  radical  of  the  lecithin  as  being  probably  the  active 
agent. 

In  the  second  class — viz.,  those  animals  whose  erythrocytes  are 
not  affected  by  venom  alone  without  the  presence  of  serum — come 
the  ox,  sheep,  and  the  goat ;  but  Kyes  found  it  very  easy  to  produce 
solution  by  the  addition  of  foreign  sera — e.g.,  ox  blood  by  venom 
and  guinea-pig  serum ;  sheep  blood  by  venom  and  guinea-pig 
serum — which  clearly  showed  that  the  venom  was  an  amboceptor, 
and  agreed  with  the  results  of  Flexner  and  Noguchi. 

Further,  he  showed  that  by  heating  the  serum  to  56°  C.  for  half 
an  hour  this  action  was  destroyed,  but  if  heated  to  65°  C.  for  half 
an  hour  haemolysis  took  place.  In  other  words,  serum  contained 
two  possible  complements :  (i)  free  in  the  serum,  and  destroyed  by 
heat :  (2)  only  in  heated  serum.  Kyes  and  Sachs  consider  (i)  to  be 
complements  in  the  restricted  sense  of  the  term,  and  that  there  are 
differences  in  their  workings  from  that  of  the  lecithin  complement. 
More  recently,  however,  they  have  doubted  this,  and  begun  to 
believe  that  the  serum  merely  frees  the  lecithin,  which  acts  as  the 
true  complement. 

In  (2)  the  lecithin,  being  free,  is  able  to  combine  with  the  ambo- 
ceptor and  cause  the  haemolysis.  They  further  show,  that  if  a  blood 
solution  is  heated  to  62°  C,  it  is  inactivated,  owing  to  the  union  at 
this  temperature,  of  the  lecithin  directly  to  the  haemoglobin. 

They  therefore  came  to  the  conclusion  that  the  reason  why  there 
was  a  difference  in  the  action  of  the  venom  on  red  cells  was  that  in 
the  first  class — e.g.,  man,  etc. — the  lecithin  was  so  loosely  bound  to 
the  cell  that  it  was  available  as  a  complement  for  the  venom  ambo- 
ceptor, whereas  in  the  other  cases  it  was  more  closely  bound,  and 
therefore  was  not  available. 

Kyes  then  went  a  step  further,  and  mixed  40  c.c.  of  a  i  per  cent, 
solution  of  cobra-venom  in  a  075  per  cent,  salt  solution,  with 
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20  c.c.  of  20  per  cent,  solution  of  lecithin  in  chloroform,  and  then 
centrifugalized  the  mixture.  The  result  was  the  separation  of 
chloroform  and  water  into  two  layers ;  from  the  former  the 
cobra-venom  lecithin  can  be  precipitated  by  the  addition  of  pure 
ether.  This  body  possessed  haemolytic  but  no  neurotoxic  properties, 
which  entirely  remained  in  the  water.  Thus  Kyes  clearly  supports 
the  fact  first  pointed  out  by  the  late  Dr.  Myers  that  the  neurotoxic 
and  hsemolytic  actions  are  quite  separate. 

This  cobra-venom  lecithin  differs  in  many  of  its  properties  from 
cobra- venom  and  from  lecithin — e.g.,  it  is  soluble  in  water,  which 
lecithin  is  not ;  it  is  soluble  in  alcohol,  chloroform,  and  toluol,  which 
the  cobra-venom  amboceptor  is  not. 

Kyes  found  that  the  lecithin  was  active  with  the  blood  cells  of  all 
the  species  he  examined,  and  that  the  absolute  quantity  necessary 
for  haemolysis  was  the  same  for  the  blood  cells  of  different  species. 
Thus  lecithin  corresponding  to  0'003  milligramme  of  the  dry  cobra- 
venom  was  capable  of  haemolyzing  i  c.c.  of  a  5  per  cent,  suspension 
of  the  erythrocytes  of  guinea-pig,  rabbit,  man,  or  ox. 

The  lecithide  acts  very  quickly  on  the  red  cells  (twenty-four  times 
more  quickly  than  the  venom),  which  is  due  to  the  fact  that  no  time 
is  spent  in  developing  the  real  toxic  agent^.e.,  the  lecithide. 

The  lecithide  is  not  destroyed  by  heating  to  100°  C.  for  six  hours, 
and  is  little  affected  by  Calmette's  serum. 

Kyes  went  further,  and  studied  the  lecithides  of— (i)  Lachesis 
anamallensis  Giinther  ;  (2)  L.  lanceolatus  Lacep  ;  (3)  L.  flavovindts 
Hallow ;  (4)  Crotahcs  durissusL.  ;  (5)  Vipera  russellii  Sha.w  ;  (6)  iVaj« 
bungarus  Schleg ;  (7)  Bungarus  candidus  L.  ;  (8)  B.  fasciatus  Schn. 

All  these  poisons,  on  the  addition  of  sufficient  lecithin,  destroy 
blood  cells,  and,  except  in  the  first  and  the  third,  the  absolute 
quantity  of  the  poison  is  the  same  as  that  mentioned  just  above. 

That  of  Lachesis  anamallensis  Giinther  is,  however,  twenty-five 
times  weaker,  and  L.  lanceolatus  Lacep  ten  times  weaker,  this 
being  due  to  the  fact  that  the  former  forms  only  one-twenty-htth 
and  the  latter  one-tenth  the  usual  quantity  of  lecithide. 

Hence  Kyes  concludes  that  the  haemolytic  element  in  all  snakes 
is  an  amboceptor  possessed  of  a  haptophore  group  for  the  erythro- 
cyte, and  a  toxophore  group  for  lecithin,  which  contains  the  active 
element  for  the  hsemolysis.  The  haptophore  group,  however, 
probably  differs  in  different  poisons,  for  Lamb  has  shown  that  wtiue 
cobra-venom  will  unite  with  Calmette's  antitoxin,  poifon  of  V^^peya 
russellii  will  not.  Bungarus  and  Naja  bungarus  act  like  the  coora, 
and  Lachesis  and  Crotalus  do  not. 

Noguchi  investigated  lecithin,  and  found  it  to  be  by  no  means  an 
inert  substance,  and,  further,  that  certain  oleic  compounds  and 
oleic  acid  itself  would  act  as  venom  activators. 

He  found  that  the  addition  of  oleic  acid  or  its  soluble  soaps  to  a 
non-activating  serum  in  the  ratio  which  corresponds  to  tne  per- 
centages of  fatty  acids  and  soaps  contained  in  some  ot  the  easuy 
activating  sera  makes  it  highly  active  to  venom.     In  the  normal 
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serum  of  a  dog,  however,  he  found  that  there  was  a  lecithin  com- 
pound acting  like  free  lecithin.  He  further  found  that  these  two 
classes  of  activators  could  be  differentiated  from  one  another  by 
calcium  chloride,  which  annulled  the  first  group,  but  was  powerless 
against  the  lecithide.  Non-activating  sera  do  not  contain  this 
lecithin  compound,  and  other  lecithides — e.g.,  lecith  albumin — are 
powerless. 

When  serum  is  heated,  the  non-coagulated  portions  contain  a 
lecithin  activator,  as  described  by  Kyes,  which  is  identical  with 
Chabrie's  albumon  ;  but  this  does  not  exist  preformed  in  unheated 
sera,  and  is  due  to  the  high  temperature  altering  other  proteid 
lecithides  into  albumon. 

He  further  found  ovovitellin  to  be  one  of  the  best  lecithin  proteid 
activators.  He  finally  came  to  the  conclusion  that  the  reason  why 
some  red  corpuscles  (man,  etc.)  are  acted  upon  by  venom,  while 
others  (ox,  etc.)  are  not,  depends  solely  upon  the  amount  of  fatty 
acids,  and  perhaps  also  of  soaps  and  fats,  contained  in  the  cor- 
puscles, to  the  stroma  of  which  they  are  attached.  They  exist 
plentifully  in  corpuscles  easily  affected,  and  in  small  amount  in 
those  not  easily  affected. 

The  position  at  the  present  moment  is,  therefore,  that  snake- 
venom  produces  haemolysis  by  its  amboceptors  uniting  with  com- 
plements contained  in  the  sera  of  the  majority  of  mammals  and 
birds  investigated,  and  that  these  complements  are  fatty  acids  and 
soaps  (belonging  principally  to  the  oleic  series). 

Further,  there  are  endocomplements  in  the  erythrocytes  of  certain 
species,  and  these  are  of  the  same  nature  as  those  in  normal  sera, 
and  are  attached  to  the  stroma  of  the  corpuscle. 

Finally,  the  reason  why  heated  sera  become  active  at  high  tem- 
peratures after  losing  their  activity  at  lower  temperatures  is  because 
of  the  conversion  of  the  proteid  lecithides  into  another  form  of 
lecithide  called  albumon,  which  is  an  activator. 

(b)  The  Leucolysins. — Weir  Mitchell  and  Reichert  had  noticed  in 
their  researches  that  the  mobility  of  leucocytes  absolutely  ceased 
in  crotalus  poisoning.  Martin  studied  this  carefully  with  Pseu- 
dechis-venom,  and  says  that  for  the  first  fifteen  minutes  he  could 
see  no  change  in  the  white  cells,  but  they  exhibited  no  amoeboid 
movements.  At  the  end  of  this  time  the  nuclei  in  some  of  them 
were  very  distinct,  as  if  fixed  by  acetic  acid.  They  then  became 
intensely  granular,  and  soon  began  to  swell,  and  their  outlines  to 
grow  less  distinct,  until  they  disappeared,  leaving  only  a  small  heap 
of  granules. 

Flexner  and  Noguchi  studied  this  phenomenon,  and  found  thai 
leucocytes  with  large  coarse  granules  were  most  quickly  affected 
next  came  the  fine  granular  varieties  ;  and  last  of  all  the  lympho- 
cytes. They  found  cobra  poison  much  more  vigorous  than  thai 
of  crotalus.  As  to  the  leucolysins,  they  proved  that  they  were 
separate  from  the  haemolysins  by  treating  washed  red  corpuscle; 
with,  copperhead  venom  until  the  supernatant  fluid,  after  centri 
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fugalization  ceased  to  have  any  effect  on  red  cells.  This  fluid  was 
then  brought  into  contact  with  leucocytes,  when  lysis  without 
agglutination  took  place.  If,  however,  washed  leucocytes  were 
treated  first,  the  supernatant  fluid  was  found  to  be  actively 
hsemolytic.  They  therefore  concluded  that  the  heemolysins  were 
distinct  from  the  leucolysins,  but  that  the  agglutinins  were  probably 

We  are  not  aware  of  further  researches  as  to  the  nature  of  the 
leucolysins,  though  obviously  such  researches  are  required. 

(c)  HcBmorrhagin.—Weir  Mitchell  and  Reichert,  by  observing  a 
mesentery  moistened  with  crotalus-venom,  came  to  the  conclusion 
that  the  blood  escaped  from  the  vessel  owing  to  damage  to  the 
wall. 

Flexner  and  Noguchi  found  that  by  heating  crotalus-venom  to 
75°  C.  for  thirty  minutes,  this  hsemorrhagic  power  was  lost,  and 
along  with  it  most  of  the  toxicity,  as  ten  or  twenty  M.L.D.  were  re- 
quired to  cause  death  with  symptoms  resembling  cobra-venom. 
They  conclude  that  this  death  must  be  due  to  the  neurotoxic  or 
haematoxic  properties  (hasmolysins  and  agglutinins)  in  the  venom, 
and  that,  as  the  latter  can  be  eliminated  without  any  apparent  loss 
of  toxicity,  it  must  be  due  to  the  neurotoxins. 

The  toxic  principle  lost  by  heating  to  75°  C.  Flexner  and  Noguchi 
called  hsemorrhagin.  They  studied  its  action  in  the  mesentery  by 
injecting  the  venom  into  the  peritoneal  cavity,  or  placing  a  minute 
particle  of  the  dried  poison  on  the  exposed  mesentery,  and  then 
removing  specimens,  which  they  fixed  in  Zenker's  fluid,  cut  into 
sections,  and  stained  with  haematoxylin  and  eosin.  They  found 
that  the  extravasation  of  blood  took  place  not  by  diapedesis,  but 
through  actual  rents  in  the  walls.  These  rents  are  not  simple 
ruptures,  but  are  apparently  due  to  a  cytolytic  action  upon  the 
endothelial  cells  of  the  capillaries  and  the  walls  of  the  small  veins. 

{d)  Other  Cytolysins. — Flexner  and  Noguchi  have  found  that  the 
amboceptors  in  venom  can  act  upon  a  number  of  the  cells  of  the 
body — e.g.,  liver,  kidney,  testicle,  and  ovary — causing  lysis,  the 
complement  being  probably  either  endocellular  or  in  the  lymph- 
stream.  The  nature  of  the  complement  is,  however,  quite  unknown 
at  present,  but  is  probably  different  from  the  complement  acting 
on  the  red  cells,  as  its  activity  is  destroyed  by  heating  to  60°  C.  for 
some  time.  The  histological  effects  of  these  toxins  can  be  noted 
particularly  in  the  microscopical  appearances  in  the  liver  and 
kidney.  The  liver  shows  necrosis  and  fatty  degeneration  of  its 
cells,  and,  as  a  reactionary  process,  leucocytic  infiltration  around 
the  bile-passages.  In  the  kidney,  the  glomeruli  show  intense  con- 
gestion of  their  capillaries,  often  associated  with  ruptures  of  their 
walls  and  hsemorrhage  into  Bowman's  capsule.  The  cells  of  the 
tubules  are  necrotic  and  detached,  filling  the  lumen.  The  whole 
organ  is  congested,  and  there  may  be  interstitial  haemorrhages. 
The  spleen  is  but  slightly  affected. 

4.  ANTiHiEMOLYSiNS. — Weir  Mitchell  and  Stewart  have  shown 
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that  if  crotalus-venom  is  added  to  red  corpuscles  in  a  certain 
degree  of  concentration,  no  haemolysis  takes  place.  This  fact  has 
been  confirmed  by  Myers  and  Stephens  for  the  cobra,  and  Lamb 
for  Vipera  russellii. 

Noguchi  beUeves  that  the  action  is  due  to  venom  having  the  power 
in  certain  cases  of  precipitating  the  outer  layer  of  the  haemoglobin, 
while  in  other  cases  this  does  not  take  place. 

5.  Antibactericidal  Substances. — ^Weir  Mitchell  drew  atten- 
tion to  the  fact  that  bodies  of  animals  dead  from  crotalus  poisoning 
rapidly  decomposed,  while  Ewing  found  the  normal  germicidal 
power  of  the  serum  was  destroyed — a  fact  confirmed  by  Martin. 

Flexner  and  Noguchi  also  investigated  this  action,  and  came  to 
the  conclusion  that — 

(i)  All  venoms,  when  used  in  suitable  quantities,  destroy  the 
bactericidal  properties  of  many  normal  sera. 

(2)  The  manner  of  this  destruction  consists  in  the  fixation  of  the 
serum  complements  by  the  venoms. 

(3)  Venoms  have  no  action  upon  the  intermediary  bodies  of  the 
serum. 

6.  Fibrin  Ferment. — A  fibrin  ferment  has  been  shown  by  Martin 
to  be  present  in  the  venoms  of  the  viperidae  and  also  of  some  of  the 
colubridae.  In  the  former  it  is  the  active  agent  which  causes  the 
vascular  clotting  in  small  animals  with  convulsions  and  sudden 
death. 

7.  Anti-fibrin  Ferment. — ^An  anti-fibrin  ferment — that  is  to 
say,  a  substance  which  in  minute  quantities  is  able  to  prevent  the 
coagulation  of  the  blood — is  found  in  cobra  and  allied  venoms. 

8.  Proteolytic  Ferment. — Venom  contains  a  body  of  some 
description,  probably  a  ferment,  which  is  capable  of  transforming 
proteid. 

Thus,  Mitchell  and  Reichert  long  ago  showed  that  muscle-fibres 
at  the  site  of  the  bite  were  quickly  softened  by  crotalus-venom, 
and  Flexner  and  Noguchi  have  shown  that  gelatine  is  liquefied  by 
both  crotalus-  and  cobra-venoms,  but  that  coagulated  proteids  are 
not  acted  upon.  Microscopically  the  muscular  fibres  at  the  site 
of  the  bite  are  seen  to  have  undergone  necrosis  and  degenera- 
tion, and  later  a  polymorphonuclear  leucocytic  infiltration  may  be 
noted. 

9.  Cardiac  and  Vascular  Tonic. — Sir  Lauder  Brunton  and  Sir 
Joseph  Fayrer  showed  that  the  poisons  of  the  cobra  had  a  stimulant 
effect  on  the  heart,  and  that  the  circulation  could  be  kept  going 
for  a  long  time  after  complete  failure  of  breathing  if  artificial 
respiration  is  kept  up — a  fact  of  considerable  importance  if  any 
antidotal  treatment  is  available. 

It  is  not  clear  whether  this  is  due  to  direct  action  on  the 
muscles  of  the  heart,  but  it  appears  from  Rogers'  experiments 
that  the  effect  on  the  bloodvessels  is  due  to  local  action  on  the 
arterioles.  This  effect  is  produced  by  the  cobra  and  Vipera  russellii 
venom. 
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Entry  of  the  Venom  into  the  Body. 

The  poison,  the  characters  of  which  have  been  described,  is  intro- 
iuced  into  the  body  of  man  or  that  of  an  animal  usually  by  the 
snake  biting  the  skin  and  injectiag  the  poison  either  subcutaneously 
jr  into  a  vessel.  In  the  former  case  it  will  soon  reach  the  blood- 
stream, and  be  distributed  to  the  different  parts  of  the  body. 

The  effect  of  entry  into  a  bloodvessel  is  to  produce  immediately 
the  signs  of  the  poisoning,  whereas  in  the  subcutaneous  tissue  it 
may  take  some  time,  and  even  be  modified,  especially  in  the  viperine 
type. 

If  the  venom  fall  on  the  conjunctiva  it  is  readily  absorbed,  and 
symptoms  of  poisoning  will  ensue,  or  an  acute  inflammation  be 
set  up. 

Taken  by  the  mouth,  the  venom  of  the  colubridse  is  harmless, 
provided  there  are  no  cracks  or  abrasions,  and  is  destroyed  by  the 
saliva  and  pancreatic  juice.  Viperine  venom,  on  the  other  hand, 
causes  gastritis,  gastro-intestinal  haemorrhage,  and  even  death, 
without  the  appearance  of  the  usual  symptoms,  a  fact  known  to  the 
natives  of  Ceylon  with  regard  to  the  venom  of  Vipera  russellii. 

Minimum  Lethal  Dose  (M.L.D.). 

The  minimum  lethal  dose  varies  with  the  species  of  snake,  the 
condition  of  the  snake,  and  with  the  species  of  the  victim. 

Tables  are  given  by  Cahnette,  and  Martin  and  Lamb,  showing 
the  amount  for  different  snakes  and  animals.  Thus,  the  quantity 
of  cobra-venom  required  to  kill  a  kilogramme  of  a  dog  is  o-ooo8 
gramme,  and  of  a  rabbit  0-0005 ;  and  that  of  Bungarus  candidus 
for  a  rabbit  is  o;ooo8  gramme,  and  that  of  Enhydrina  valakadien 
for  a  rabbit  is  o -00006  gramme,  whUe  the  same  for  a  cat  is  0-0002. 
Putting  it  in  another  way,  i  gramme  of  cobra-venom  will  kill 
1,350  kilogrammes  of  dog,  2,000  of  rabbit,  2,500  of  guinea-pig, 
1,500  of  rat,  and  8,333  of  mouse,  and  20,000  grammes  of  horse. 

Calmette  calculates  that,  taking  a  man  of  average  size,  the 
minimum  lethal  dose  might  be  halfway  between  the  dog  and  the 
horse— i.e.,  would  be  0-015  gramme  of  cobra-venom— and  i  gramme 
will  kill  10,000  kilogrammes  of  man,  or  165  persons  of  the  weight 
of  60  kilogrammes  ;  but,  of  course,  this  is  only  a  very  approximate 
guess.  Lamb  calculates  the  M.L.D.  for  man  to  be  0-015  gramme 
of  cobra-venom,  and  Fraser  puts  the  same  at  0-031  gramme. 

Lamb  gives  a  number  of  minimum  lethal  doses  for  snakes  cal- 
culated per  kilogi-amme  of  rabbit  and  injected  intravenously,  which 

are  : — 

Bungarus  candidus 0-00004  gramme. 

Enhydrina  valakadien  . .  . .  0-00005 

Vipera  russellii  o-oooi 

.Naja  triiJudians  and  N.  bungarus. .  0-00035 

Bungarus  fasciatus   . .  . .  . .  0-0007 
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Effects  of  the  Venom. 

The  effects  of  the  venom  have  been  carefully  studied  on  warm 
and  cold  blooded  animals  by  many  observers  for  a  long  series  oi 
years,  but  there  is  a  distinct  difference  in  the  action  of  different 
kinds  of  venom,  and  therefore  it  is  as  well  to  discuss  the  effect  of 
each  separately. 

But  in  doing  this  it  will  be  noted  that  it  is  difficult  to  obtain 
undoubted  cases  of  bites  by  definitely  known  snakes  in  man,  and 
even  when  these  are  obtained  the  urgent  necessity  for  treatment 
causes  the  symptoms  to  be  little  noted.  Therefore  it  is  necessary 
to  detail  first  the  expeririients  on  animals,  and  then  the  symptoms 
found  in  man. 

Colubrine  Venom — Naja  triptidians  Merr. — ^The  experiments  of 
numerous  observers  show  that  the  effects  of  this  venom  on  animals 
are  : 

I.  Paralysis  of  voluntary  movement. 

3.  Salivation. 

3.  Marked  effect  on  the  respiration,  which  ceases  before  the  heart. 

In  smaller  quantities  the  paralysis  becomes  more  marked,  and 
in  cases  of  longer  duration  several  features  are  added. 

1.  Local  inflammation  where  the  bite  was  inflicted. 

2.  Lachrymation. 

3.  Mucous  discharges  from  the  nose,  respiratory  organs,  and 
stomach. 

4.  Very  occasionally  the  mucous  discharges  are  stained  with 
blood. 

Beyond  obvious  pain,  the  local  effects  are  engorgement  of  the 
vessels  with  blood,  and  effusion  into  the  tissues.  If  the  animal 
recovers,  there  may  be  suppuration  and  sloughing  of  the  affected 
part.  The  effects  on  the  nervous  system  seem  to  be  due  to  the 
action  of  the  poison  on  the  brain  and  spinal  cord,  and  pari  passu 
on  the  motor  nerve  endings.  The  most  evident  paralysis  is  that 
of  the  tongue,  larynx,  and  pharynx,  as  evinced  by  the  inability 
to  retain  the  saliva  within  the  mouth,  to  move  the  tongue,  or  to 
swallow.     This  is  due  to  the  action  of  the  poison  on  the  medulla. 

There  is  also,  as  indicated  above,  clear  evidence  of  action  upon 
the  respiratory  centre,  which  has  been  carefully  studied  by  Wall 
and  others,  who  show  that  in  large  doses  there  is  a  progressive  slow- 
ing, and  in  smaller  doses  first  acceleration  and  then  slowing  of  the 
respirations.  There  appears  to  be  but  little  effect  upon  the  heart 
and  circulation  or  temperature. 

The  effect  on  the  blood  in  causing  haemolysis  was  first  demonstrated 
by  Cunningham,  who  considered  it  the  main  feature.  Not  merely 
are  the  corpuscles  dissolved,  but  the  coagulability  is  reduced, 
and  hence  the*^  blood-staining  of  the  tissues  and  the  urine  in 
experiments  on  animals,  provided  that  artificial  respiration  is 
kept  up. 
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The  effects  of  the  venom  on  man  are  local  pain  in  the  neighbour- 
ood  of  the  bite,  which  aippears  as  two  small  punctures  about  |  inch 
part,  usually  exuding  a  blood-stained  fluid.  The  pain  increases  in 
everity,  and  spreads  up  the  limb  on  to  the  body.  In  a  short  time 
he  victim  feels  intoxicated,  and  presently  loses  control  of  his  legs, 
irhich  become  paralyzed,  as  may  other  muscles,  including  those  of 
he  jaw.  There  is  often  profuse  salivation,  and  inability  to  speak 
ir  swallow.  The  pulse  and  respirations  increase  for  a  tiipe,  and 
hen  the  breathing  becomes  slower,  and  death  occurs  from  failure 
)f  the  respiration,  while  the  heart  continues  to  beat  for  a  short 
;ime  after  the  respirations  have  ceased. 

If  recovery  takes  place,  the  urgent  symptoms  abate,  some  slight 
■ever  and  local  swelling  occurs,  while  a  large  amount  of  urine  is 
Dassed. 

When  examined  post  mortem,  it  will  be  found  that  the  rigor 
nortis  is  well  marked,  while  the  blood  is  fluid  in  man,  but  coagulated 
n  animals.  If  the  corpuscles  are  examined  soon  after  death,  no 
:hange  will  be  noted,  but  later  they  alter,  and  blood  -  crystals, 
ndicating  haemolysis,  may  form.  The  parotids  may  be  swollen. 
The  brain  is  normal,  but  the  pia  mater  is  gorged  with  blood.  The 
muscles  are  often  of  a  dirty  red  colour.  The  lungs  in  human  beings 
ire  generally  congested,  and  the  bronchi  and  smaller  tubes  filled 
with  thin  frothy  fluid  and  intensely  congested.  Particles  of  food 
or  remedies  are  to  be  found  in  the  air-tubes  because  of  the  paralysis 
of  the  larynx.  The  right  heart  is  distended  with  blood.  The  liver 
is  congested  and  dark.  The  kidneys  may  be  normal  or  intensely 
congested.  The  intestines  show  nothing  in  particular.  The  bladder 
is  contracted. 

Microscopically,  fatty  degeneration  of  the  liver  and  kidney,  and 
necrosis  of  hepatic  and  renal  epithelium,"  are  to  be  seen,  as  well  as 
round-celled  infiltration  along  bile-ducts,  which  is  probably  due  to 
excretion  of  poison. 

Turning  now  to  the  colubrine  snakes,  which  resemble  the  cobra, 
there  are  observations  upon  Naja  haje,  N.  bungarus,  Bungarus 
candicLus,  B.  fasciatus,  and  the  Hydrophidce. 

Naja  haje  L.— Calmette  records  that  Dr.  Deschamps  observed 
a  case  of  this  bite  in  Senegal  in  which  the  snake  bit  the  patient  on 
the  forehead.  Almost  immediately  great  weakness,  accompanied 
by  nausea  and  pains  in  the  head  and  neck,  set  in.  Locally  two 
raised  areas  were  seen,  around  which  the  tissue  was  oedematous. 
Cold  sweats  occurred.  The  oedema  spread  to  the  face,  dyspnoea 
appeared,  and  the  pulse  became  small  and  intermittent,  paralysis 
set  in,  and  the  patient  became  comatose,  but  recovered  on  treatment 
with  antivenene.  j    ■    u     t 

Naja  bungarus  Schleg.—N.  bungarus,  the  hamadryad,  is  by  tar 
the  biggest  of  the  Indian  poisonous  snakes.  Rogers  finds  its  venom 
very  like  that  of  the  cobra,  producing  paralysis  and  death  from 
failure  of  respiration,  while  the  heart  continues  to  beat  for  a  time. 

There  is  no  intravascular  clotting,  and  the  haemolytic  action  is 
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very  slight,  but  the  phrenic  nerve-plates  are  paralyzed.     If  small 
dnses  are  given,  the  respirations  are  increased. 

We  are  not  acquainted  with  the  syrnptoms  exhibited  by  an 
undoubted  case  of  this  bite  in  a  human  being. 

Bungarus  candidus  L. — As  to  B.  candidus  L.,  the  commonest 
of  all  Indian  snakes,  there  is  not  much  to  say,  except  that  all  re- 
searches (Fayrer,  Wall,  and  Rogers)  indicate  that  it  is  ahnost  exactly 
the  same  as  that  of  the  cobra,  but  is  slightly  more  virulent. 

Cases  of  this  bite  are  common.  In  brief,  the  symptoms  are :  a 
sense  of  tightness  across  the  chest,  with  paralysis,  particularly  of 
the  muscles  of  the  face,  deglutition  and  phonation.  The  conjunctivae 
are  suffused,  the  pupils  dilated,  the  pulse  and  respirations  quickened ; 
the  temperature  is  normal,  and  the  local  signs  are  not  marked: 

Coma  and  convulsions  precede  death,  which  is  due  to  failure  of 
respiration.  Congestion  of  the  meninges  and  brain  and  liquid  blood 
are  the  principal  signs  found  post  mortem. 

Bungarus  ceylonicus  (Gthr.). — B.  ceylonicus,  the  Ceylon  krait  or 
carawala,  has  been  reported  by  Green  to  have  killed  a  man  in  twelve 
hours.  The  man  was  bitten  on  the  left  foot  at  4  a.m.,  and  felt  quite 
well  till  5.30  a.m.,  when  he  felt  drowsiness,  which  increased  till 
10  a.m.,  when  he  could  hardly  swaUow  and  was  very  sick.  Paralysis 
affected  his  legs,  and  he  became  cold.  Artificial  respiration  was  now 
resorted  to,  but  at  2  p.m.  he  became  very  feverish  and  insensible, 
and  died  at  4  p.m. 

Bungarus  fasciatus  Schn. — The  effects  of  the  poison  of  B.  fasci- 
atus  have  been  carefully  studied  by  Wall,  Lamb,  and  Rogers. 

In  acute  cases  death  takes  place  quickly  from  failure  of  respira- 
tion ;  the  blood  is  coagulated,  and  there  is  paralysis,  and  sometimes 
convulsions. 

Chronic  cases,  on  the  other  hand,  last  for  days,  during  which 
there  is  loss  of  weight  and  emaciation,  and  perhaps  some  paralysis. 

Microscopical  examination  of  the  cortex  of  the  brain,  medulla, 
and  spinal  cord  shows  diffuse  chromatolysis,  affecting  a  very  con- 
siderable portion  of  the  ganglion  cells,  being  most  marked  in  the 
cortex,  next  in  the  cord,  least  in  the  medulla.  The  cells  show  a 
rather  deeply  stained  plasma,  in  which  are  scattered  dust-like 
granules,  the  remnants  of  the  Nissl  bodies ;  many  cells  show 
vacuolation  of  the  plasma,  and  some  are  reduced  to  mere  outlines 
(ghost  cells). 

Rogers'  experiments  tend  to  show  that  even  in  injecting  large 
doses  the  blood  may  not  clot,  and  that  the  animal  may  be  kUled, 
as  in  cobra- venom,  by  direct  action  of  the  poison  on  the  respiratory 
centre,  and  also  on  the  nerve-endings  of  the  phrenics,  so  that  the 
venom  appears  to  be  a  mixture  of  a  viperine  with  a  colubrine  poison. 

The  only  authentic  case  of  human  poisoning  by  B.  fasciatus  is 
mentioned  by  Fayrer,  in  which  there  was  tingling  sensation  and 
later  pain  at  the  seat  of  the  punctures,  with  some  swelling,  all  of 
which  disappeared  in  less  than  twenty-four  hours. 

The  HydrophideB. — Rogers  experimented  with   Enhydrina   vala- 
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kadien  Boie,  Distra  cyanocincta  Daud,  and  Hydrophis  cantoris  Gthr. 
and  came  to  the  conclusion  that  their  venom  only  differed  from 
that  of  the  cobra  in  the  following  points  :  — 

1.  They  were  more  toxic. 

2.  They  were  much  less  haemolytic,  and  hence  caused  no  blood- 
stained efiusion  at  the  site  of  the  injection. 

3.  They  did  not  affect  the  coagulabihty  of  the  blood ;  therefore 
the  poison  is  almost  purely  neurotoxic. 

There  is  at  first  an  excitation  of  the  nervous  system,  leading  to 
a  feeling  of  activity  and  vivacity,  which,  however,  soon  passes  off. 
The  earliest  signs  of  distress  begin  with  difficulty  of  articulation 
and  feeling  of  stiffness  in  the  body  and  of  suffocation.  The  stiffness 
in  the  muscles  increases,  and  occasional  spasms  occur,  while  signs 
of  gastric  irritation,  with  vomiting,  appear.  ,  Convulsions  and 
death  may  ensue  after  a  day  or  so.  The  local  signs  may  be 
slight. 

Viperine  Venom. — Vipera  russellii  Shaw,  the  tic  polonga  of 
Ceylon,  is  a  good  example  of  this  type  of  venom.  Wall's  experi- 
ments show  that  a  dog  bitten  by  one  of  these  vipers  will  become 
convulsed,  and  die  within  five  minutes.  The  cause  of  this  sudden 
death  has  been  shown  by  Rogers  to  be  intravascular  clotting,  which 
is  best  marked  in  the  portal  vein,  and  then  only  in  small  animals. 
Post  mortem,  there  are  haemorrhages  into  the  area  of  the  bite,  and 
into  kidney  and  intestine. 

In  addition  to  these  acute  cases,  there  are  also  chronic  cases, 
in  which  the  local  symptoms  are  more  or  less  extensive  subcutaneous 
haemorrhages,  around  which  there  is  much  oedema.  This  haemor- 
rhage may  be  absorbed,  or  the  area  may  slough,  or  an  abscess,  or 
even  a  spreading  gangrene,  may  ensue. 

The  general  symptoms  are  rapid  emaciation,  profound  anaemia 
and  lethargy,  and  in  some  cases  hsematuria  and  a  discharge  of  blood 
from  the  bowel. 

Rogers  has  carefully  investigated  these  symptoms,  and  has  pointed 
out  that  there  is  a  remarkable  fall  of  blood-pressure  due  to  vaso- 
dilatation of  the  portal  system,  caused  by  action  of  the  poison  on 
the  central,  and  not  the  peripheral  vasomotor  apparatus,  the  heart 
muscle  being  unaffected.  Lamb  and  Hanna  showed  that  in  chronic 
cases  there  is  deficiency  in  the  blood  coagulability. 

In  man  there  are  the  two  small  punctured  wounds  caused  by  the 
fangs,  around  which  the  skin  is  swollen  and  Uvid  artd  painful.  The 
swelling  and  discoloration  spreads,  and  in  the  course  of  twenty-four 
hours  the  patient  becomes  at  first  excited,  with  thready  pulse  and 
hurried  respirations,  and  later  stuporous.  The  skin  is  clammy  and 
covered  with  a  cold  sweat,  while  the  swelling  and  discoloration 
spreads  considerably,  reaching  the  trunk.  In  due  course  convul- 
sions set  in,  and  death  ensues  from  failure  of  the  circulation.  The 
post-mortem  reveals  congestion  of  the  meninges  and  lungs  with 
fluid  blood,  and  liothing  else  of  importance. 
Bitis  arietans. — ^The  puff-adder  poison  was  found  by  Rogers  to 
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work  in  much  the  same  manner  as  that  of  Vipera  russellii,  but 
not  so  poisonous.  u     «    + 

Echis  carinata. — ^This  is  a  very  poisonous  snake,  and  the  effects 
its  bite  resemble  that  of  the  cobra. 

Wall  records  a  case  in  which  there  was  much  local  swellm 
passage  of  blood  in  the  urine,  f  geces,  and  vomit,  elevation  of  temper 
ture,  and  death  from  exhaustion,  due  to  loss  of  blood,  on  the  nin 
day.  Martin  and  Lamb  record  another  case  in  which  there  was  mui 
swelling  of  the  bitten  part,  due  to  exudation  of  liquid  blood.  Pa 
and  tenderness  were  felt  along  the  nerves,  together  with  an^esthesi 
extreme  restlessness,  with  cold  and  clammy  extremities,  but  i 
hcemorrhages.  Loss  of  consciousness,  with  deUrium,  set  in  only 
short  time  before  death,  which  took  place  at  the  twenty-fifth  hou 

Fayrer  gives  a  good  account  of  a  chronic  case,  in  which  there  w; 
depression  and  faintness,  coldness  of  the  extremities,  with  swellii 
of  the  affected  part,  and  marked  haemorrhages-  from  eyes,  gum 
throat,  nose,  vagina,  and  under  the  nails. 

The  Crotalidae  are  typically  represented  by  Crotalus  horridus  i 
America,  which  has  been  carefully  studied  by  Weir  Mitchell  ar 
Reichert,  and  by  Lachesis,  which  has  been  studied  by  Rogers  : 
India. 

Crotalus  horridus. — ^The  local  effects  are :  oedema,  swelling,  darkei 
ing  of  the  parts  with  infiltration  of  incoagulable  blood,  breakir 
down  of  the  tissues,  putrefaction,  and  sloughing.  There  is  no  clo 
ting  of  the  blood,  which,  on  the  other  hand,  is  fluid  and  incoagulab] 
There  is  a  marked  fall  of  blood-pressure,  and  respiration  gradual 
ceases,  due  to  the  failure  of  the  circulation,  but  there  is  no  dire 
effect  on  the  respiratory  centre,  and  the  phrenics  are  not  paralyze 
The  heart  goes  on  beating  after  respiration  ceases,  but  is  shght 
weakened.  Post-mortem  examination  shows  haemorrhages  into  tl 
peri-  and  endo-cardium,  and  into  the  peritoneum  and  pleura,  bi 
not  in  the  brain  or  the  medulla,  while  the  whole  portal  system 
much  congested. 

Rogers  placed  a  loop  of  small  intestine  in  an  oncometer,  and  f  oui 
that  fall  of  blood-pressure  was  associated  with  a  vaso -dilatation 
the  portal  system,  in  which  the  blood  is  not  clotted.  This  vas 
dilatation  he  considers  may  possibly  be  due  to  the  action  of  t: 
venom  on  the  vasomotor  centre  in  the  medulla,  and  thinks  th 
he  is  supported  in  this  theory  by  the  appearance  of  Traube-Herrii 
curves  in  his  blood-pressure  tracings. 

Weir  Mitchell  and  others  have  carefully  collected  the  symptoi 
following  this  bite.  In  most  instances  the  bite  is  painful,  ai 
the  part  becomes  swollen  and  discoloured,  while  both  the  pa 
and  the  swelling  increase  steadily.  The  swelling  is  due  to  t' 
effusion  of  blood.  Very  seldom  is  there  any  lymphangitis 
enlargement  of  the  lymphatic  glands.  Vesication,  sloughing,  ai 
gangrene  may  result  if  life  is  prolonged  and  the  dose  considerab 
If,  on  the  other  hand,  the  amount  of  poison  injected  is  inconsidi 
able,  the  swelling  declines,  and  the  pain  disappears  very  quick 
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Constitutional  symptoms  are  said  by  some  people  to  begin  directly 
after  the  bite,  but  this  is  hardly  hkely,  as  man  is  a  relatively  large 
animal.  Under  exceptional  circumstances  it  is  recorded  that  the 
symptoms  did  not  begin  till  about  thirty  minutes  after  the  bite 
but  usually  the  length  of  time  is  only  a  few  minutes.  The  person 
feels  extremely  faint,  or  complains  that  his  lower  limbs  are  not 
able  to  support  him.  There  is  jio  primary  stimulating  effect  like 
that  mentioned  in  other  venoms.  The  patient  staggers  or  falls, 
cold  sweats  bathe  the  surface  of  the  skin,  and  nausea  and  vomiting 
occur.  The  pulse  is  rapid  and  feeble,  the  expression  anxious,  and, 
according  to  Mitchell,  in  a  few  cases  the  mind  may  be  slightly  dis- 
turbed, but  this  may  be  largely  due  to  fear.  If  the  patient  does 
not  die  at  this  stage,  the  local  symptoms  mentioned  above  become 
very  pronounced,  and  signs  of  general  blood-poisoning  show  them- 
selves, and  often  lead  to  death. 

The  post-mortem  reveals  that  the  brain  is  normal,  but  congested 
and  somewhat  cedematous  ;  the  trachea  and  bronchi  are  congested, 
and  full  of  red  frothy  mucus  ;  while  the  lungs  are  healthy,  but 
somewhat  congested.  The  peritoneum  may  contain  a  little  fluid, 
and  the  mucosa  of  the  stomach  and  small  intestines  may  be  in- 
tensely congested  and  infiltrated  with  serum.  In  some  cases  the 
blood  is  coagulated,  in  some  it  is  fluid.  The  local  swelling  is  due 
to  serous  exudation.  The  chief  features  of  the  post-mortem  are 
vaso-dilatation  of  the  portal  system  and  fluidity  of  the  blood. 

Lachesis. — ^This  snake  shows  the  same  symptoms  as  Crotalus,  but 
it  has  some  effect  upon  the  respiratory  centre,  causing  quickening 
of  respiration  before  the  slowing  begins.     The  phrenics  are  not 
'.paralyzed. 

Moreover,  it  is  possible  that  the  first  quick  fall  of  blood-pressure 
observed  is  due  to  action  of  the  poison  on  the  heart,  but  the  sub- 
sequent steady  fall  is  due  to  the  action  on  vasomotor  centres,  as  in 
Crotalus. 

Kitajima  says  that  the  region  of  the  bite  becomes  dark  purple 
in  colour  and  swells  ;  that  the  pain  is  severe  and  burning  ;  and  that 
the  lymph  glands  become  enlarged  and  tender.  The  face  is  pale, 
the  pulse  feeble  and  rapid.  Respiration  is  normal ;  a  slight  fever 
is  not  infrequent.  Coldness  of  the  extremities,  with  dyspnoea  and 
cold  sweats,  come  on  just  before  death.  Blood  has  been  observed 
in  the  urine  and  faeces. 

Excretion  of  the  Poison. 

It  is  believed  that  the  poison  leaves  the  body  principally  by  the 
kidney,  and  to  a  less  extent  by  the  mucosa  of  the  stomach,  the 
salivary  and  mammary  glands. 

With  regard  to  the  kidney,  there  is  some  direct  proof  of  the 
excretion,  because  the  urine  of  a  dog  poisoned  by  Enhydrina  vala- 
,kadien,  when  injected  hypodermically  into  a  pigeon,  caused  death 
in  twenty-two  hours. 
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It  is  also  stated  that  i  drachm  of  the  saliva  of  a  dog  poisoned  b] 
a  cobra  was  capable  of  causing  death  in  two  hours. 

With  regard  to  excretion  by  the  mammary  glands,  an  infant  ii 
said  to  have  died  after  suckling  the  breast  of  a  woman  bitten  by  i 
poisonous  snake. 

Immunity. 

Having  considered  the  chemical  composition  and  physiological 
action  of  the  venom,  the  next  point  to  be  discussed  is  immunity  tc 
its  action. 

Ancient  and  modern  people  have  equally  held  the  belief  that  a  person  whc 
has  been  bitten  by  a  poisonous  snake  and  survived  obtains  some  sort  ol 
immunity  ;  generally  the  belief  has  been  that  this  immunity  is  capable  oi 
protecting  the  individual  against  all  kinds  of  snakes. 

Ancient  fables  credited  the  Psylli  of  Africa,  the  Marsi  of  Italy,  and  Gouni 
of  India,  with  immunity  on  the  ground  that  they  had  snake's  blood  in  their 
veins. 

The  pig  Vias  long  thought  to  be  naturally  immune ;  but  this  is  a  mistake, 
for  the  relatively  slight  effect  of  snake-venom  is  due  to  the  presence  of  the 
thick  layer  of  but  sUghtly  vascular  fat  which  surrounds  the  animal's  body. 
The  mongoose  (Herpestes  ichneumon)  is  beUeved  to  be  naturally  immune  to 
cobra-bite. 

Acquired  immunity  is  said  to  occur  among  natives,  especially  snake- 
charmers,  and  Europeans  who  have  been  bitten  several  times  by  snakes. 
The  Eisowy  of  Western  Barbary  are  said  to  have  acquired  such  an  immunity, 
and  to  allow'  themselves  to  be  bitten  by  snakes  proved  afterwards  to  be 
poisonous  by  kilhng  a  fowl.  The  natives  of  Bushmanland,  Namaqualand, 
and  Damaraland  are  said  to  drink  the  venom  of  snakes  as  a  protection. 
In  Ceylon  a  cobra  is  said  to  have  bitten  a  snake-charmer,  and  shortly  after- 
wards a  bystander.  The  snake-charmer  escaped  without  symptoms;  the 
bystander  died. 

The  first  scientific  attempt  to  produce  an  artificial  immunity  was  made  by 
Sewall  in  1887,  when  by  repeated  small  injections  he  raised  the  resistance  of 
pigeons  so  high  that  they  were  able  to  resist  ten  times  the  minimum  lethal 
dose  of  the  venom  of  a  Crotalus.  Kapthack  also  produced  a  partial  immunity 
to  cobra-venom  in  1891.  Kaufmann,  a  little  later,  obtained  a  similar  result 
with  the  French  viper. 

In  1892  Calmette  showed  that  by  repeated  inoculation  of  venom 
heated  to  80°  C.  a  certain  amount  of  resistance  was  produced  in 
animals.  In  1894  he  made  researches  on  the  venom  of  the  cobra, 
and  about  the  same  time  Phisalix  and  Bertrand  investigated  that  of 
the  viper,  and  showed  that  animals  vaccinated  with  venom  developed 
a  true  immunity,  and  those  inoculated  against  the  cobra-venom 
were  able  to  resist  mortal  doses  of  Vipera,  Bungarus,  Cerastes, 
Naja  haje,  and  Pseudechis  venoms.  Later  they  showed  that  the 
serum  of  an  animal  vaccinated  by  snake-venom  contained  anti- 
toxins capable  of  producing  an  immunity  in  new  animals. 

Calmette  obtained  his  serum  from  horses,  but  with  great  diffi- 
culty, as  many  of  the  animals  died  in  the  course  of  treatment  from 
endocarditis  and  acute  nephritis,  vi^hile  in  others  abscesses  formed. 

He  found  that  in  a  fresh  horse  o-p35  gramme  of  cobra- venom 
was  sufficient  to  kill  the  animal  in  twelve  to  twenty-four  hours, 
but  ,(jn  vaccinating  the  animals  for  sixteen  months,  it  was  found  that 
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a  horse  could  stand  without  reaction  the  injection  of  2  grammes  of 
cobra-venom — i.e.,  eighty  times  the  M.L.D. 

From  such  a  horse  it  was  found  possible  to  withdraw  as  much  as 
20  litres  of  blood  in  three  bleedings  spread  over  ten  days,  the  serum 
being  considered  to  be  ready  for  use  when  i  c.c.  mixed  with  O'ooi 
gramme  of  cobra-venom  produced  no  sign  of  intoxication  when 
injected  subcutaneously  into  a  rabbit,  and  when,  after  injecting 
2  c.c.  of  the  serum  into  a  rabbit  of  2  kilogrammes  weight,  two 
hours  later  i  milligramme  of  venom  could  be  injected  without 
results.  This  serum  was  said  to  preserve  intact  its  antitoxic  value 
in  all  climates.  The  venom  used  for  these  injections  was  princi- 
pally that  of  the  cobra,  with  a  slight  admixture  of  other  venoms. 

In  1895-96  Fraser  of  Edinburgh  confirmed  Calmette's  results,  and 
believed  that  if  an  animal  was  so  successfully  vaccinated  that  it 
could  resist  the  minimum  lethal  dose  of  one  venom,  it  would  also 
be  able  to  resist  that  of  other  venoms.  He  believed  that  venom 
introduced  into  the  stomach  conferred  immunity. 

In  1897  C.  J.  Martin  showed  that  Calmette's  serum  did  not 
preserve  animals  against  the  venom  of  Notechis  scutatus. 

From  1901  onwards  Lamb  in  India  studied  carefully  the  effects 
of  snake-venoms,  and  came  to  the  conclusion  that  Calmette's  serum 
is  active  against  cobra-venom,  but  is  not  useful  against  that  of 
Vipera  russellii,  Bungarus  fasciatus,  or  of  Echis  carinatus. 

In  1902  Tidswell  showed  that  serum  prepared  from  the  venom 
of  Notechis  scutatus  did  not  neutralize  the  venoms  of  the  cobra, 
Bungarus  fasciatus,  or  Vipera  russellii,  and,  further,  had  no  effect 
on  the  venoms  of  the  brown  and  black  snakes  and  death-adder  of 
Australia. 

In  the  same  year  Lamb  pointed  out  that  there  was  a  precipitin 
in  venom-immune  sera,  and  tTiis  point  being  further  investigated 
by  Hunter,  the  deduction  was  made  tha,t  these  precipitins  were 
specific,  and  due  to  the  coagulable  proteids. 
The  following  pure  sera  have  been  prepared  : 
I.  Lamb's  Pure  Naja  Tripudians  Meer  Serum. — This  serum 
is  strongly  antitoxic  for  cobra-venom,  and  in  large  doses  for 
Enhydrina  valakadien  Boie,  but  has  no  effect  upon  Bungarus 
candidus  L.,  Brachyaspis  curta  Schleg,  Echis  carinatus  Schn., 
Lachesis  gramineus  Shaw,  Vipera  russellii  Shaw. 

It  delays  death  in  Bungarus  fasciatus  Schn.,  Naja  bungarus 
Schleg,  Crotalus  durissus  L. 

3.  Lamb's  Pure  Vipera  Russellii  Shaw  Serum. — This  serum 
neutralizes  the  venom  of  Vipera  russellii  and  Crotalus  durissus, 
but  has  no  action  upon — Colubridse  :  Naja  tripudians  Meer,  N. 
bungarus  Schleg,  Bungarus  candidus  L.,  B.  fasciatus  Schn.,  Enhydriita 
valakadien  Boie  ;  Viperidse :  Echis  carinatus  Schn.,  Lachesis  gramineus 
sShaw. 

3.  Tidswell's  Pure  Notechis  Scutatus  Ptrs.  Serum.— This  serum 
has  a  strong  antitoxic  effect  upon  the  venom  of  Notechis  scutatus, 
but  has  no  effect  upon  that  of— Colubridse :  Naja  tripudians  Meer, 
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N.  bungarus  Schleg,  Bungarus  candidus  L.,  B.  fasciatus  Schr 
Enhydrina  valakadien  Bote..  Viperidse :  Vipera  ''russellii  Sha\ 
Echis  carinatus  Schn.,  Lachesis  gramineus  Shaw,  Crotalus  durissus  ] 

4.  Noguchi's  Pure  Crotalus  Serum. — It  has  a  strong  effect  upo 
Crotalus  venom,  and  a  slight  effect  upon  Ancistrodon  piscivori 
Lacep,  and  none  on  the  cobra. 

5.  Noguchi's  Pure  Ancistrodon  Piscivorus  Lacep  Serum.  —  Th 
has  a  marked  effect  upon  moccasin-venom,  and  medium  effect  upo 
Crotalus,  and  none  on  cobra-venom. 

6.  Brazil's  Pure  Crotalus  Horridus  L.  Serum. — This  serum  is  equal! 
efficient  for  the  venoms  of  Crotalus  horridus  or  C.  durissus,  but 
useless  for  cobra-venom. 

The  Caracas  Commission  reports  that  this  serum  is  more  eflfiicacioi; 
against  the  venom  of  Crotalus  than  that  of  Calmette,  which  fai. 
to  neutralize  the  hsemorrhagins. 

7.  Kitajima's  Pure  Lachesis  Flavoviridis  Hallow  Serum. — Thi 
serum  is  specific  for  Lachesis  venom,  against  which  Calmette' 
serum  is  useless. 

It  is  clear  that  the  antisera  mentioned  above  are  very  nearl 
specific,  for  they  neutraUze  principally  the  venom  of  the  specie 
employed,  and  sometimes  in  larger  doses  that  of  some  allied  speciei 

It  is  obvious  that  this  is  of  great  importance  in  considering  th 
serum  treatment  of  snake-bite.  , 

8.  Polyvalent  Sera. — Polyvalent  sera  prepared  for  more  than  tw 
venoms  are  not  very  efficacious. 

Diagnosis. 

It  might  be  thought  that  the  diagnosis  of  snake-bite  would  b 
obvious,  and  that  nothing  need  be  Written  on  the  subject,  but  th: 
is  not  always  so,  because  snake-bite  often  takes  place  in  the  darl 
and  the  nature  of  the  snake  is  unknown. 

The  diagnosis  may  be  divided  into  two  heads  :  (i)  Has  a  snak 
bitten  the  person  ?     (2)  Was  the  snake  a  poisonous  one  ? 

The  first  thing  to  do  is  to  tie  a  proximal  ligature  on  the  limb,  an 
then  to  examine  the  area  of  the  supposed  bite.  If  there  ar 
absolutely  no  fang-marks  and  no  venom  on  the  skin,  then  obviousl 
there  is  no  danger  ;  but  fang-marks  on  the  skin  or  venom  o 
mucous  membranes  (which,  of  course,  may  have  cracks)  or  on  ski 
with  scratches  may  be  dangerous. 

If  there  are  no  fang-marks,  and  the  snake  is  forthcoming,  examin 
it  to  see  whether  it  is  poisonous  or  not,  especially  to  see  whethe 
there  are  fangs,  and  if  non-poisonous,  the  patient's  mind  can  t 
relieved  at  once. 

Prognosis. 

It  appears  that  only  a  relatively  small  percentage  of  persor 
bitten  by  snakes  (supposed  to  be  poisonous)  die.  C.  J.  Martin  an 
Lamb  place  it  about  30  per  cent.,  but  much  depends  upon  th 
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quantity  of  venom  injected  and  the  rapidity  with  which  symptoms 
develop.  Personally,  we  believe  that  in  most  cases  if  treatment  has 
been  prompt,  and  the  symptoms  appear  slowly,  the  outlook  is  by 
no  means  hopeless. 

Treatment. 

Snake-poisoning  consists  in  the  hypodermic  or  intravascular 
injection  of  a  series  of  poisonous  principles  which  act  chiefly  upon 
the  nervous  system  and  the  blood. 

The  virulence  of  the  poisoning  depends  upon  the  ratio  of  the 
quantity  of  the  poison  injected  to  the  size  of  tTie  animal.  The 
same  quantity  of  poison  will  therefore  have  a  more  serious  effect 
upon  a  child  than  upon  an  adult.  The  less  the  quantity  of  poison 
which  gets  into  the  general  circulation,  the  less  the  symptoms  ; 
hence  the  first  indication  for  treatment  is  to  prevent  the  passage 
of  the  poison,  as  far  as  possible,  into  the  circulation. 

The  second  indication  for  treatment  is  to  neutralize  the  poison 
which  has  got  into  the  system,  and  the  third  indication  is  to  treat 
special  symptoms  as  they  appear. 

I.  Prevent  the  Poison  getting  into  tlie  General  Circulation. — In 
order  to  prevent  the  poison  gettmg  into  the  general  circulation, 
three  points  must  be  attended  to  : 

(i)  Stoppage  of  the  flow  of  blood   and  lymph   from  the 
affected  area. 

(2)  Free  opening  of  the  poisoned  area. 

(3)  The  neutraUzation  of  the  poison  locally. 

(i)  Stoppage  of  the  Flow  of  Blood  and  Lymph  from  the  Affected 
Area.~K  person  is  usually  bitten  in  the  arm  or  leg,  and  in  such  a  case 
the  old  treatment  advised  by  Celsus  should  be  carried  out  by 
applying  a  tight  ligature  round  the  affected  limb  on  the  proximal 
side  of  the  wound,  so  as  to  compress  the  blood  and  lymphatic  vessels. 
In  order  to  do  this  successfully,  the  ligature  must,  be  applied  to  the 
arm  or  the  thigh— i.e.,  where  there  is  one  bone— and  not  the  foi;^- 
arm  or  leg.  . 

Such  a  ligature  cannot  be  left  in  position  mdehnitely,  otherwise 
■  gangrene  will  result ;  and  after  some  attempts  at  neutrahzation  of 
the  poison  have  been  made,  it  must  be  loosened  for  a  couple  of 
seconds  and  reapplied,  and  this  must  be  repeated.  It  must  be  kept 
on  for  at  least  twenty  or  thirty  minutes. 

The  advantages  of  the  Ugature  or  tourniquet  have  been  known 

■since  ancient  times,   but  recently  C.  J.  Martin  has  shown  that 

its  principal  action  with  colubrine  poison  is  not  merely  to  delay 

the  absorption   of   the   poison,   but   also   to    give  time  for   any 

"already  absorbed  to  be  excreted.     In  the  viperine  poisons  which 

;S  coagulate  the  blood  by  fibrin  ferment  it  is  most  beneficial ;  for  the 

•■blood,  in  coagulating  locally,  retains  the  poison    which  therefore 

but  slowly  passes  into  the  general  circulation,  and  may,  as  Martin 

and  Lamb  suggest,  unite  with  the  cells  near  the  bite 

There  is  therefore  no  doubt  that  the  correct  immediate  treatment 
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in  a  bite  due  to  any  kind  of  poisonous  snake  on  a  limb  is  the  applic 
tion  of  a  proximal  tourniquet. 

(2)  Free  Opening  into  the  Poisoned  Area. — It  will  be  obvious  tr 
the  two  minute  punctures  caused  by  the  fangs  are  not  sufficieni 
large  openings  into  the  area  of  the  bite  for  the  application  of  antidot 

Therefore  the  next  step  is  to  cut,  not  merely  round  the  apertui 
of  the  fangs,  but  also  to  extend  the  incision  along  the  course  of  t 
veins  and  lymphatics,  and  in  some  cases  to  remove  the  piece  of  sli 
marked  out.     In  this  way  the  area  of  inoculation  is  freely  operia 

(3)  Neutralization  of  the  Poison  Locally.— The  next  indication  is 
diminish  the  toxicity  of  the  poison  as  much  as  possible,  and  to  1 
this  there  is  not  the  slightest  doubt  that  the  best  remedy  is  pi 
manganate  of  potash. 

This  should  be  used  in  strong  solution,  and  not  as  a  soM,  as  t. 
liquid  penetrates  better  into  the  interstices  of  the  wound,  whi( 
should  be  well  washed  with  it.  For  carrying  out  this  treatment 
most  useful  little  case  has  been  devised  containing  a  little  lancet  f 
making  the  wound,  and  permanganate  crystals  for  making  a  sol 
tion.  This  little  case  only  costs  a  few  pence,  and  can  be  carri< 
without  any  inconvenience  in  the  waistcoat  pocket,  and  therefo 
should  be  carried  by  everyone  in  countries  where  poisonous  snak 
abound,  especially  when  on  business  or  pleasure  in  jungles  or  gras; 
places.  Should  there  be  no  water  available  to  make  a  solutio 
then  the  crystals  can  be  rubbed  into  the  wound. 

If  the  bite  is  on  the  head  or  trunk,  the  incision  should  be  ma( 
as  above,  and  the  resulting  wound  thoroughly  soaked  with  pe 
manganate  of  potash  solution  (3  per  cent.).  The  subcutaneoi 
tissue  must  be  freely  opened,  otherwise  the  permanganate  may  1 
prevented  from  doing  its  work  properly. 

The  after-treatment  should  be  boric  fomentations,  frequent 
repeated  at  first ;  but  if  there  is  no  marked  swelling  of  the  part,  the: 
may  be  gradually,  not  quickly,  diminished  in  number,  and  finally 
mild  antiseptic  dressing  should  be  applied  until  the  wound  heals. 

2.  Neutralization  of  the  Poison  in  the  System. — ^We  have  alread 
endeavoured  to  impress  on  the  reader  the  following  facts  : 

(i)  The  specificity  of  snake-venom. 

(2)  The  inutility  of  an  antiserum  prepared  for  one  venom  againi 
another  venom. 

It  now  remains  to  consider  these  subjects  from  a  practical  point  ( 
view. 

The  serum  most  readily  obtained  is  Calmette's,  in  20  c.c.  ar 
50  c.c.  phials  standardized  agarast  cobra  and  Viper  a  russell 
venoms,  and  prepared  by  the  immunization  of  horses  against  the: 
venoms,  as  well  as  those  of  Bungarus  (krait)  and  Enhydrina  (sei 
snake).  Reliable  sera  are  also  prepared  by  the  Indian  Pastei 
Institute  of  Kasauli  for  the  venoms  of  the  cobra  and  Russell's  vipe 

All  these  sera,  unfortunately,  deteriorate  quickly  unless  kept  i 
a  liark  and  cool  place,  and,  further,  must  be  used  in  large  dose 
for  even  when  fresh,  i  c.c.  will  only  neutralize  i  milligramme  ( 
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cobra-venom.  A  healthy  cobra  when  it  bites  may  inject  from  250 
to  350  milligrammes  of  venom,  of  which  the  minimum  lethal  dose 
may  be  estimated  at  15  to  175  milligrammes  for  a  person  weighing 
60  to  70  kilogrammes  ;  therefore  at  least  350  c.c.  of  the  antivenene 
must  be  injected  intravenously,  or  ten  to  twenty  times  that  amount 
must  be  injected  subcutaneously — i.e.,  from  3,500  to  7,000  c.c. 

The  antivenene,  of  course,  will  succeed  in  much  smaller  doses  if  a 
small  quantity  of  venom  has  been  injected,  and  will  fail  if  the  quan- 
tity be  large.  Therefore  the  obvious  indication  is  to  begin  with 
100  c.c.  of  antivenene,  injected  hypodermically  or  far  better  intra- 
venously, and  to  repeat  this  several  times  if  necessary.  The 
technique  for  the  intravenous  injection  is  as  follows  : 

An  all-glass  syringe  should  be  carefully  steriUzed  by  boiling,  and 
the  skin  over  the  vein  must  be  cleansed  with  i  in  40  carbolic  and  with 
absolute  alcohol ;  a  band  should  be  tied  round  the  arm,  so  that  the 
vein  shows  up  clearly,  and  the  needle  should  be  inserted  with  the 
aperture  pointing  proximally — i.e.,  towards  the  heart — and  should 
be  felt  free  in  the  vein.  The  ligature  should  then  be  removed  and 
the  serum  slowly  injected.  On  removal  of  the  needle,  an  antiseptic 
pad  and  bandage  should  be  applied. 

If,  on  the  other  hand,  the  species  of  snake  which  inflicted  the 
wound  is  known,  and  the  particular  serum  for  that  animal's  venom 
happens  to  be  available  in  good  condition,  then  it  should  be  used 
intravenously. 

3.  Treatment  of  Special  Symptoms — (i)  Failure  of  the  Respira- 
tion.— ^The  experiments  of  Fayrer,  Brunton,  and  Rogers  seem  to 
indicate  that  in  cases  of  poisoning  due  to  cobra  and  sea-snake 
venoms  artificial  respiration  should  be  resorted  to  when  natural 
respiration  is  failing  and  medical  aid  or  remedies  are  being  sent  for. 

(3)  Failure  of  Circulation.— In  poisoning  due  to  viper-venoms, 
which  produce,  according  to  Rogers,  a  paralysis  of  the  central  vaso- 
motor centre,  he  recommends  that — 

(a)  A  binder  should  be  applied  to  the  abdomen  and  bandages  to 
the  legs,  so  that  as  much  blood  as  possible  may  be  available  for 
maintaining  the  circulation  of  the  brain  and  medulla. 

(6)  That  hypodermic  injections  of  adrenalin  be  used  to  constrict 
the  peripheral  vessels  and  to  stimulate  the  vasomotor  centre. 

In  both  colubrine  and  viperine  poisons  it  is  obvious  that  the  circu- 
lation should  also  be  maintained  by  the  applications  of  warmth 
by  stimulants,  either  alcoholic  or  ammoniacal,  or  by  strychnme 
hypodermically. 
•1   Summary.— I.  Apply  proxknal  ligature. 

2.  Freely  open  the  cellular  tissue  in  the  vicmity  of  the  bite. 

3.  Wash  the  wound  well  with  a  strong  solution  of  permanganate 
of  potash  (3  per  cent.),  or  apply  crystals. 

4.  Inject  100  c.c.  of  fresh  antivenene  intravenously. 

5.  Artificial  respiration,  if  necessary. 

6.  Keep  up  the  circulation  by  binders  to  abdomen,  bandages  to 
legs,  stimulants,  and  hypodermics  of  strychnine. 
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Other  Methods  of  Treatment. 

Other  methods  of  treatment  which  may  be  briefly  mentioned  are :— 

Snake-Stones.— The  cure  which  is  strongly  believed  in  by  the  native  is  t 
snake-stones.  These  are  smooth,  highly  polished,  very  Ught,  black  bodu 
said  to  consist  of  calcined  animal  bone  soaked  several  times  with  blood,  ai 
calcined  after  each  soaking.  It  is  easy  to  understand  that  these  stones  a 
very  hygroscopic,  and  when  applied  to  a  wound,  cling  tightly,  and  suck  i 
fluids,  and  perhaps  some  poison.  There  are  supposed  to  be  three  lands 
stones  :  (i)  Those  composed  of  burnt  bone;  (2)  those  composed  of  chal 
(3)  those  composed  of  burnt  vegetal  substance.  Of  these  three  only  the  fii 
is  considered  of  value. 

The  method  of  use  is  as  follows  :  Puncture  the  wounds  of  the  snake-bi 
slightly,  and  apply  the  stone,  which  adheres,  for  about  two  minutes,  ai 
should  then  drop  off  into  a  vessel  of  water,  after  which  it  should  be  dried  1 
a.  cloth,  and  applied  again  to  the  wound,  when  it  will  adhere  for  about 
minute.  It  should  be  apphed  a  third  time.  During  application  the  lin 
should  be  rubbed  towards  the  stone.  The  stones  are  used  principally  in  Ind 
and  Ceylon,  but  they  are  also  known  in  Mexico  as  '  piedra  ponsona.'  It 
hardly  necessary  to  say  fhat  from  the  days  of  Redi  it  has  been  shown  he 
useless  these  stones  are. 

Exorcism  of  the  poison  by  shouting  charmed  verses  is  used  in  Indi 
Numerous  plants,  seeds,  earth  moistened  with  urine,  etc.,  have  been  extoU 
as  cures. 

Ammonia. — Of  all  the  old  remedies  ammonia  has  lived  the  longest,  and 
is  almost  incredible  that  Fontana  settled  the  question  as  to  its  lack  of  utili 
by  his  experiments  on  vipers  more  than  130  years  ago.  Whether  given  1 
the  mouth,  injected  subcutaneously,  or  into  a  vein,  it  is  useless,  except  as 
stimulant,  when  it  is  certainly  of  no  more  use  than  alcohol.  Fayrer  has  shoT 
that  if  liquor  ammoniae  is  mixed  in  more  than  equal  parts  with  venom,  it  dc 
not  destroy  the  poison. 

Oils. — -It  is  extraordinary  how  the  remedies  of  the  Middle  Ages  are  clu 
to,  and  oil  is  still  used,  though  known  to  be  useless  since  the  days 
Morgagni. 

Strychnine. — Many  years  ago  Duncan  recommended  strychnine  as  a  rerne 
for  East  Indian  snake-bites.  Recently  Miiller  of  Victoria,  Australia,  h 
strongly  recommended  the  hypodermic  injection  of  this  drug.  He  says  th 
never  less  than  yV  grain  is  to  be  used,  and  this  must  be  increased  in  urge 
cases  to  ^  or  i,  and  repeated  every  fifteen  or  twenty  minutes,  until  the  syn: 
toms  of  snake-poisoning  are  removed.  If  a  fang  has  perforated  a  vein, 
recommends  intravenous  injection  instead  of  subcutaneous.  The  patient  m> 
be  watched  for  twenty-four  hours  after  the  disappearance  of  the  last  symptor 
in  order  to  combat  a  sudden  relapse.  Colonel  Duke,  in  1895,  highly  reco 
mends  this  remedy. 

Arsenic. — Arsenic  is  principally  famous  as  the  Tanjore  pill,  which  was  si 
to  contain  white  arsenic  and  many  other  substances,  but  is  quite  useless. 

Iodine. — Brainard's  remedy  was  the  injection  of  a  solution  of  lo  grains 
iodine  and  30  grains  of  iodide  of  potassium,  dissolved  in  i  ounce  of  water,  a 
probably  owed  its  reputation  to  its  caustic  action. 

Bromine  was  at  one  time  considered  a  specific. 

Caustics. — Fontana  strongly  advised  caustics,  which  he  considered  to 
useful,  but  long  experience  has  shown  their  inutility. 

Stimulants. — Brandyand  whisky  have  been  repeatedly  vaunted,  and  so  h; 
sinapisms,  warmth  to  the  precordial  region,  and  electricity  along  the  spi 
but  all  these  are  useless. 

Energetic  Movements. — Energetic  movements,  such  as  walking  the  pati 
about,  flogging  him,  pinching  him,  have  been  advised,  but  are  coni 
indicated,  as  tending  to  exhaustion  and  to  hasten  the  end. 


LACERTILIA 


Prophylaxis. 

In  the  tropics  Europeans  and  better-class  Natives  seldom  su- 
from  snake-bite,  because  they  do  not  sleep  on  the  ground, 
the  open  or  in  small  huts,  Hke  the  lower-class  Native.  Among 
latter,  however,  any  prophylaxis  is  difficult  in  regions  such  as  Inc 
because  they  reverence  the  cobra,  and  encourage  it  to  take  up 
abode  in  their  huts. 

Gardens  should  be  kept  free  from  jungle  or  long  grass,  and  grati: 
should  be  placed  on  the  drains  from  bath-rooms,  as  snakes  h; 
often  been  found  in  these  rooms. 

Good  strong  boots  and  the  puttee  pattern  of  legging  should 
worn  when  going  shooting  or  into  the  jungle.  A  lantern  sho 
be  used  when  walking  after  dark,  and  the  small  permanganate  c 
already  mentioned  should  be  carried  in  the  waistcoat  pocket  in  c 
of  accidents. 

LACERTILIA. 
FAMILY  HELODERMATIDiG. 

In   the   Lacertilia   there    are    two   rather    celebrated    hzards — Helodei 
honidum   Wiegmann    and   H.    suspectum    Cope  —  which    were    placed 
Sumichrast  in  the  family  Varanidse,  and  though  this  may  be  disputed,  s 
it  is  probable  that  they  are  allied  closely  to  that  family. 

Heloderma  horridum  Wiegm.,  1834. 

Synonym. — Trachyderma  horridum  Wiegm.,  1829. 
■  This  lizard  lives  exclusively  in  Mexico  in  the  hot  zone  which  extends  fi 
•  the  western  slope  of  the  Cordilleras -to  the  Pacific.  It  inhabits  the  hot, 
districts  of  Jamiltepec,  Juchitan,  and  Tehuantepec,  where  it  lives  in  h< 
dug  at  the  roots  of  trees  or  under  vegetable  debris.  It  is  called  '  escorpii 
by  the  Creoles,  and  '  tala-chini  '  by  the  Zapotec  Indians  ;  and  in  165 1  E 
nandez  says  it  was  called  '  acastetepon  '  by  the  Mexicans. 

When  irritated,  there  escapes  from  its  mouth  a  white,  glutinous  fluid,  wh 
is  secreted  by  the  large  salivary  glands.     Its  bite  is  much  dreaded  by 
natives,  who  say  that  ill-effects  are  produced  thereby  and  by  eating  its  fit 
It  may  reach  to  a  length  of  nearly  five  feet  when  old.     We  are  not  aware 
observations  on  the  bite  or  venom  of  this  reptile. 

Heloderma  suspectum  Cope,  1869. 

Cope  gave  the  Uzard  the  name  suspectum,  because  he  suspected  t 
its  bite  would  be  found  to  be  poisonous.  ■  This  lizard  is  found  in  the  Uni 
States — in  Arizona,  Texas,  Utah,  New  Mexico,  and  Southern  California — wh 
it  is  called  the  '  glia  monster.'  The  poison  apparatus  consists  of  gla: 
under  the  lower  jaw  and  teeth  in  that  jaw. 

The  poison  gland  in  this  species  lies  on  either  side  of  the  lower  jaw,  i 
from  its  mesial  aspect  four  ducts  pass  upwards,  each  towards  its  opening 
the  outer  surface  of  the  mandible,  through  which  it  passes  obhquely  upwa 
and  inwards,  to  end  at  the  base  of  a  tooth  near  the  termination  of  a  groove 

The  upper  teeth  are  also  grooved,  but  Schufeldt  failed  to  find  any  gh 
wherewith  they  could  be  supplied  with  poison. 

There  appears  to  be  no  doubt  as  to  the  poisonous  nature  of  tUe  secret 
from  the  glands  above  mentioned,  for  Bonberger  records  that  a  bite  in 
leg  of  a  guinea-pig  caused  convulsions  and  death  in  three  minutes. 

Venom. — The  venom  was  obtained  by  Mitchell  and  Reichert  by  mak 
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the  lizard  bite  a  saucer.  It  was  found  to  be  alkaline,  with  a  weak  smell,  an 
to  kill  frogs,  pigeons,  and  rabbits.  .      ,    ,  ,      -.xt. 

The  effects  of  glia  poison  have  been  most  carefully  investigated  Dy  we 
Mitchell  and  Reichert,  and  by  Van  Denburgh  and  Wight. 

The  latter  consider  that  it  differs  in  no  important  respect  from  snaKi 
venoms,  causing  death  by  acting  directly  upon  the  respiratory  centre  mtl: 
medulla,  and  causing  paralysis  of  respiration.  Its  other  actions  aie  to  n^i 
stimulate  and  then  paralyze  the  heart  by  poisoning  its  muscular  hbre 
On  inoculation,  there  is  an  immediate  great  fall  of  blood-pressure,  but  whethf 
this  is  due  to  action  on  the  vasomotor  centre  or  not  is  not  clearly  knowi 
There  is  a.  secondary  gradual  fall  due  to  cardiac  failure.  The  motor  nervf 
and  cells  are  not  affected,  but  the  sensory  apparatus  is  at  first  rendered  moi 
irritable  and  then  paralyzed.  Coagulation  of  the  blood  is  at  first  accelerate 
and  then  retarded,  so  that  it  may  become  incoagulable.  Haemolysis  ma 
occur.  Local  signs  are  almost  nil,  as  a  rule  a  little  oedema  and  slight  extravi 
sation  being  present. 

Symptoms. — Very  severe  pains  radiating  from  the  part,  rapid  swelhni 
faintness,  profuse  perspiration,  may  be  noted. 

Treatment. — A  proximal  ligature  should  be  applied  if  on  a  hmb,  an 
permanganate  of  potash,  1-3  in  lOO,  should  be  used  to  bathe  the  wound,  whicl 
finally,  should  be  dressed  aseptically. 

Lanthonotus  borneensis. 

This  lizard,  which  is  closely  allied  to  Heloderma,  is  suspected  of  bein 
poisonous,  but  there  are  as  yet  no  proofs  of  this.     Its  habitat  is  Borneo. 

MAMMALIA. 

The  bites  of  many  mammals,  including  that  of  man  himself,  are  known  1 
produce  very  severe  inflammation,  probably  because  of  micro-organisn 
introduced  at  the  time  of  the  injury.  Excluding  these,  there  are  two  mamma 
suspected  of  causing  poisoning — viz.,  Ornithorhynchus  paradoxus,  belongir 
to  the  Monotremata,  and  the  other  the  rat,  belonging  to  the  rodents. 

MOKOTREMATA. 
Ornithorhynchus  paradoxus. 

As  is  well  known,  the  males  of  this  animal,  which  is  only  found  in  Australi 
have  large  spurs  projecting  backwards  from  their  hind  limbs.  These  spurs  a 
hollow,  and  into  them  open  the  ducts  of  poison  glands.  The  venom  is  : 
albuminous  fluid  containing  albumoses. 

Injected  subcutaneousry,  it  only  causes  local  swelling,  and  the  anim 
recovers  in  a  few  days.  Injected  intravenously,  it  causes  fall  in  the  bloo 
pressure  and  death  from  respiratory  failure.  The  heart  appears  to  be  u 
affected,  but  the  blood  in  the  venous  system  is  found  coagulated  after  deat 
which  takes  place  in  twenty-five  to  thirty  minutes.  The  venom  has  1 
haemolytic  or  proteolytic  action. 

The  difference  between  the  slight  effect  of  the  subcutaneous  and  the  serio 
effect  of  the  intravenous  injection  is  thought  to  be  due  to  the  fact  that  t 
poison  is  but  slowly  absorbed. 

In  a  man  who  was  stung  on  the  hand  the  symptoms  were  very  severe  pai 
swelling  in  the  hand,  which  rapidly  spread  up  the  arm,  difficulty  in  openi: 
the  mouth,  cold  sweats,  with  severe  sickness.  Recovery  took  place  in 
few  days  as  far  as  the  general  symptoms  were  concerned,  but  it  was  sevei 
weeks  before  the  hand  quite  recovered. 

The  treatment  has  generally  been  ammonia,  but  the  symptoms  and  t 
experiments  point  to  a  venom  closely  related  to  viperine  poison,  and  ^ 
should  recommend  the  proximal  ligature  and  permanganate  of  potash- 
fact,  the  treatment  advocated  for  snake-bite. 
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RAT-BITE  DISEASE. 

Rat-bite  disease  is  a  fever  characterized  by  a  purple  papular  eruption,  and 
many  recurrences,  said  to  be  caused  by  a  rat-bite. 

Rat-bite  disease  is  mentioned  in  Japanese  medical  books  from  the  most 
ancient  times,  but  it  was  not  until  Miyake,  in  1901,  reported  eleven  cases 
that  any  interest  has  been  taken  in  the  complaint.  Since  that  date,  according 
to  Hara,  twenty-one  investigators  have  reported  some  thirty  cases. 

It  is  said  to  occur  in  all  the  four  principal  islands  of  Japan,  but  apparently 
only  in  certain  districts.  It  is  attributed  to  the  bite  of  a  rat  which  is  believed 
to  be  diseased.  In  Ceylon  there  is  a  curious  belief  that  if  a  person  is  bitten 
by  a  male  rat  in  the  breeding  season,  leprosy  will  result.  The  case  which  is 
reported  by  Hara  is  said  to  have  been  started  by  the  bite  of  a  female  rat 
which  was  suckling  its  young  at  the  time  when  the  bite  occurred.  It  has 
been  said  that  the  bite  of  a  weasel  can  cause  the  disease,  and  it  is  known 
that  weasels  kill  rats  ;  therefore  the  observation  indicates  that  the  disease 
may  be  due  to  some  animal  or  vegetal  poison  passed  from  the  rat  to  the  weasel. 

The  incubation  is  said  to  be  from  one  to  three  weeks.  Hara's  case  was  ten 
days.  The  wound  heals  during  the  incubation  period,  at  the  end  of  which  the 
illness  begins  abruptly,  the  site  of  the  bite  becoming  red  and  swollen,  and 
dropsy  appearing,  which  spreads  over  the  whole  body.  Local  gangrene  may 
occur.  At  the  onset  there  is  chilliness,  which  may  amount  to  rigors  with  fever, 
and  an  eruption  of  purple  spots  on  the  body.  Pain  is  felt  in  the  abdomen, 
and  diarrhoea  may  set  in.  Palpitations  and  shortness  of  breath  may  be  com- 
plained of,  and  weakness  and  even  dehrium  occur,  and  paralysis  of  the  arms 
and  legs  may  also  be  noted.  Convalescence  is  prolonged.  In  Hara's  case  the 
patient  was  ten  days  unconscious,  one  hundred  days  before  she  was  able  to 
sit  up  in  bed,  and  three  years  before  she  returned  to  her  ordinary  health.  The 
peculiarity  of  this  disease  is  its  relapses,  which  may  take  place  several  times 
a  year.  Thus,  Hara's  case  had  about  ten  relapses  a  year  for  a  period  of 
seventeen  years.     The  blood  shows  nothing  abnormal  in 'its  red  or  white  cells. 

Three  diflferent  tj^es  of  this  disease  are  described :  a  febrile  type  with  a 
marked  eruption,  a  febrile  type  with  nervous  symptoms,  and  an  abortive 
type  ;  but  the  first  is  the  most  common. 

The  history  of  the  rat-bite  taking  place  in  Japan,  together  with  the  history 
of  a  relapsing  fever  with  long  intervals,  and  the  presence  of  the  purple-coloured 
eruption,  ought  to  enable  the  diagnosis  to  be  made  without  difficulty. 

The  prognosis  is  usually  good.  The  mortality,  based  upon  thirty-eight 
cases,  is  said  to  be  lO'S  per  cent.  Death  is  caused  by  collapse,  or  blood- 
poisoning  in  the  first  attack. 

The  only  changes  found  post  mortem  are  hyperaeinia  of  the  pia  mater  of 
the  spinal  cord,  and  an  increase  in  the  cerebro-spinal  fluid. 

No  special  treatment  is  recommended.  Thorough  disinfection  of  the  wound 
as  soon  after  infection  as  possible  is  advised  as  a  prophylactic  remedy. 
The  popular  method  in  Japan  is,  or  was,  to  cook  and  eat  the  rat  which 
inflicted  the  bite. 

If  the  history  detailed  above  represents  a  separate  disease  due  to  the  bite 
of  a  rat,  it  must  be  caused  by  some  animal  or  vegetal  parasite  introduced 
Into  the  wound,  but  at  present  there  is  no  proof  of  this. 
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SECTION    C 
BIOLOGICAL  CAUSES  OF  DISEASE 

CHAPTER  XI 
ANIMAL    PARASITES 

Biological   causes    of   disease — Animal    parasites  —  Protozoa  —  Sarcodina  — 

Mastigophora. 

In  tropical  medicine  the  important  biological  causes  of  disease  are 
the  parasites,  which  may  be  classified  into — A.  Animal  Parasites ; 
B.  Vegetal  Parasites. 

ANIMAL  PARASITES. 

Definition. — A  parasite  is  defined  to  be  a  living  organism,  animal 
or  vegetal,  which  takes  up  its  abode  temporarily  or  permanently  on 
or  within  other  living  organisms  (called  the  hosts)  for  the  purpose  oi 
obtaining  food. 

Animal  parasites  (zooparasites),  in  the  process  of  obtaining  this 
food,  may  cause  disease  by  their  mechanical  action  and  chemical 
products,  or  by  introducing  into  the  host  pathogenic  micro-organisms. 

As  examples  of  the  latter  may  be  mentioned  the  transmission  of 
the  animal  organism  which  causes  malaria  by  certain  members  of  a 
family  of  the  mosquitoes,  or  that  of  the  vegetal  organism  which  is 
the  cause  of  plague  by  certain  fleas.  Intestinal  worms  probably 
cause  many  of  the  symptoms  of  the  disease  with  which  they  are 
associated  by  the  introduction  into  the  body  of  poisons  through  their 
bites,  or,  according  to  Sambon,  by  their  active  migrations  before 
attaining  maturity  and  reaching  their  selective  anatomical  habitat. 

A  well-known  example  of  the  irritation  caused  by  the  introduction 
of  chemical  poisons  is  the  ordinary  mosquito-bite  already  described, 
while  Trichinella  spiralis  produces  violent  disturbance  while  wan- 
dering through  the  body. 

Mechanically  the  jigger  {Dermaiophilus  penetrans)  causes  much 
irritation  to  the  foot,  and  Filaria  loa  to  the  eye. 

Animals  may  be  only  'temporary  parasites' — i.e.,  they  only 
temporarily  affect  the  host,  as,  for  example,  mosquitoes — or  they 
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may  be  '  stationary  parasites,'  such  as  the  malarial  organism  whi( 
lives  in  the  red  cells  of  the  blood.  These  latter  may  be  subdivide 
into  '  periodical  parasites,'  which  only  spend  a  portion  of  their  lif 
history  within  a  host,  and  '  permanent,'  which  are  parasitic  throug] 
out  the  whole  life  cycle.  As  an  example  of  the  former  may  I 
mentioned  the  larvae  of  certain  flies  which  are  parasitic,  while  the  fi 
itself  is  not,  and  of  the  latter  Oxyuris  vermicularis  is  a  good  exampl 

Animal  parasites  may  be  classified  in  ectoparasites  or  epizOi 
affecting  the  skin  and  exterior  of  the  host ;  and  endoparasites  c 
entozoa,  affecting  the  internal  organs  or  cavities  of  the  host. 

Until  recent  years  the  greatest  confusion  existed  as  to  tf 
nature  of  parasites.  With  our  present  knowledge  it  appeal 
that  parasites,  however  altered  in  structure  some  of  them  ma 
have  become  during  their  parasitic  existence,  have  been  original! 
derived  from  free-living  forms.  It  will,  however,  be  noted  that  thei 
are  great  differences  in  the  structure  and  appearance  between  som 
of  the  permanent  parasites  and  their  nearest  free-living  affinitiei 
This  difference  has  been  brought  about  mainly  by  environment. 

The  permanent  parasite,  particularly  if  an  entozoon,  has  foe 
prepared  for  it  by  its  host  in  an  easily  assimilated  form  ;  hence  thei 
is  no  necessity  for  a  complicated  digestive  apparatus,  which  in  certai 
cases  has  entirely  disappeared. 

Further,  certain  parasites,  having  reached  an  organ  which  supplie 
them  with  suitable  food,  do  not  require  organs  of  locomotion,  fc 
they  have  only  to  remain  where  they  are,  and  the  tissues  of  th 
host  will  subserve  their  purpose.  Some  of  them  have  no  necessit; 
as  a  rule  for  locomotion  for  sexual  purposes,  because  hermaphrc 
ditism  is  common,  and  even  in  cases  where  this  is  not  foum 
parasites  often  live  in  couples  (male  and  female). 

Being  enclosed  in  the  body  of  the  host,  there  is  no  necessity  fc 
sense  organs  ;  therefore  these  are  much  reduced,  or  are  absent. 

On  the  other  hand,  the  parasite  requires  something  to  enable  i 
to  fix  itself  firmly  to  the  tissues  of  the  host ;  hence  suckers  and  hook 
are  often  found,  and  also  clasping  and  clinging  organs. 

The  chance  of  a  parasite,  locked  up  inside  a  host,  successfully  re 
producing  its  species  is  small ;  hence  reproduction  assumes  importan 
features  associated  with  the  production  of  large  numbers  of  ne-\ 
forms,  which  are  often  protected  by  shells  or  other  coverings. 

Reproduction  may  be  asdxual,  especially  in  the  protozoa,  or  sexual 
Sexual  reproduction  in  parasites  is  generally  complicated,  endin, 
in  the  production  of  large  quantities  of  eggs  or  spores  ;  and  ver 
often  the  spores  of  the  protozoa  or  the  corresponding  larval  form 
of  the  metazoa  may  travel  through  one  or  more  intermediary  host 
before  they  infect  another  definitive  host— that  is,  one  in  whicl 
the  sexual  life-history  is  gone  through. 

With  regard  to  the  sexual  process,  it  may  be  noted  that  often  th 
male  is  smaller  than  the  female,  and  in  fewer  numbers,  but  ther 
are  exceptions. 

Usually  parasites  keep  strictly  to  certain  hosts  called  '  norma 
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hosts,'  but  at  times  they  are  found  in  unusual  hosts—for  exampl 
EchtnorhynchMs  gigas,  which  is  usually  found  in  pigs,  may  infec 
man.  Such  a  parasite  is  called  a  '  chance  parasite,'  while  objeci 
mistaken  for  parasites  are  known  as  '  pseudoparasites.' 

The  above  are  examples  of  simple  parasitism ;  but  there  are  par; 
sites  which  are  parasitic  upon  other  parasites— a  condition  calle 
'  hyperparasitism.'  These  hyperparasites  may  be  secondan 
tertiary,  or  quaternary,  and  their  importance  in  disease  has  bee 
emphasized  by  Sambon,  who  has  shown  that  it  may  be  one  of  th 
causes  of  the  disappearance  of  malaria  from  a  district,  for  th 
black  spores  found  by  Ross  in  mosquitoes  infected  with  malaria  ai 
now  known  to  be  hyperparasites  of  the  genus  Nosema. 

For  further  remarks  see  the  article  on  Metazoan  Parasites. 

Nomenclature. 

Medical  men  in  the  tropics  are  at  present  almost  daily  discovering  new,  ( 
what  are  thought  to  be  new,  parasites,  and  are  generally  desirous  of  givit 
them  definite  names,  but  before  doing  so  it  behoves  the  discoverer  to  kno 
and  obey  the  international  code  laid  down  by  zoologists,  for  which  purpo; 
they  should  study  Stiles'  pamphlet  in  the  bulletins  of  the  United  Stat) 
Pubhc  Health  and  Marine  Hospitals  Service. 

Four  rules  may  be  mentioned  here  : 

1.  Language  Rule. — The  name  given  to  the  parasite  must  be  in  Latin,  an 
not  in  any  vernacular. 

2.  Rule  ol  Priority. — The  valid  name  for  a  genus  or  species  is  the  oldei 
available  name.  Therefore,  in  describing  a  species  or  genus,  give  not  merel 
the  name  of  the  authority  who  invented  the  term,  but  the  date  also. 

3-  Rule  of  Homonyms. — When  two  distinct  genera  or  species  of  anima 
receive  the  same  name,  that  applied  earliest  alone  must  stand. 

4.  Rule  Ol  Appropriateness. — No  name  is  allowed  to  be  changed  simpl 
because  it  is  inappropriate. 

With  regard  to  disease  there  is  no  fixed  rule,  but  we  feel  sure  that  if  medic 
men  would  follow  the  zoologists,  and  evolve  a  fixed  method  of  nomenclature 
much  confusion  would  be  avoided. 

When  an  animal  parasite  causes  a  series  of  symptoms  in  a  man  or  a 
animal,  it  is  usual  to  name  the  affection  by  that  of  the  animal  causing  ti 
disease,  together  with  the  sufiix  '  iasis.'  Thus,  Entamoeba  histolytica  caus( 
amoebic  dysentery  and  liver  abscess,  etc.,  which  might  be  classed  togetht 
under  the  term  '  Entamoebiasis  ';  or  Paragonimus  westermani  causes  a  varie 
number  of  symptoms,  which  can  all  be  classed  together  as  '  Paragonimiasis. 

The  animals  which  cause  and  convey  disease  in  man  may  b 
classified  into  the  following  subkingdoms  :  Subkingdom  I.,  Protozoa 
Subkingdom  II.,  Metozoa. 

SUBKINGDOM  I.  PROTOZOA. 

Definition. — Protozoa  are  unicellular  animals,  solitary  or  unite 
into  colonies,  free  living  or  parasitic,  with  asexual  reproductio 
(schizogony)  by  binary  fission,  budding  or  fragmentation  and  sexus 
reproduction  (sporogony),  or  merely  rejuvenescence  by  conjugatior 

The  border-line  between  unicellular  animals  and  unicellular  plant 
is  very  vague,  and  hence  at  present  it  is  uncertain  whether,  som 
forms  should  be  classed  with  the  bacteria  and  considered  to  be  plants 
or  with  the  protozoa  and  considered  to  be  animals. 
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Phylogenesis.— There  can  be  little  doubt  that  the  primitive  fori 
of  protozoon  must  have  been  an  animal  with  some  of  the  chara 
teristics  of  the  amoeba,  and  would  most  likely  be  free-lmnj 
most  probably  in  water.  This  simple  form,  taken  into  the  alimei 
tary  canal  of  higher  animals,  possibly  benefited  by  the  ease  wit 
which  food  was  obtained  and  by  the  protection  afforded  by  tl 
new  position,  and  thus  became  modified  to  suit  its  environmen 
The  most  important  modification  would  be  some  protection  for  tl 
earliest  stages  of  its  life-history,  which  would  enable  it  to  live  i 
the  outside  world  until  taken  up  by  a  suitable  host,  and  associate 
with  this  would  be  the  necessity  to  produce  large  numbers  of  sue 
protected  spores,  as  the  chance  of  one  finding  a  suitable  host  mu; 
be  relatively  small.  Such  a  type  would  be  represented  by  th 
Entamceba  coli  Losch,  which  is  a  parasite  of  man.  Srtch  a  parasil 
may  cause  no  harm  to  its  host,  which  is  fairly  indifferent  to  i1 
existence.  On  the  other  hand,  a  parasite  may  not  find  suf&cier 
nutriment  in  the  alimentary  canal,  and  be  compelled  to  seek  bette 
food,  and  perhaps  more  protection,  by  entering  the  glands  c 
Lieberkiihn,  or  even  the  submucosa  of  the  bowel.  Such  a  parasit 
might  cause  disease  in  its  host,  and  would  be  illustrated  by  th 
Entamoeba  histolytica  Schaudinn  of  man. 

Such  a  process,  however,  took  place  not  merely  in  man,  but  i 
many  other  kinds  of  animals,  among  which  may  be  mentione 
insects,  in  the  alimentary  canal,  of  many  of  which  protozoan  para 
sites  are  found.  In  these  insects  the  sexual  process  takes  place,  an 
therefore  they  are  the  definitive  hosts,  and  may  also  be  considered 
the  primary  hosts. 

If  these  primary  hosts  become  predatory,  biting  and  sucking  th 
blood  of  other  animals — e.g.,  vertebrates — then,  during  this  process 
they  might  pass  the  spores  of  their  parasites  into  the  blood  of  th 
vertebrata,  and  if  these  are  not  killed  off  (for  some  animals  ar 
repellent)  by  chemical  substances,  or  destroyed  by  leucocytes,  the 
might  develop  in  the  blood  of  some  vertebrate  (called  tolerant] 
which  thus  becomes  the  secondary  host. 

It  is,  of  course,  possible  that  some  of  these  blood  protozoa  ma; 
have  been  derived  from  parasites  originally  intestinal  in  the  verte 
brate,  which  found  their  way  not  merely  into  the  mucosa  of  th 
bowel,  but  later  into  the  blood-stream,  in  which  they  would  b 
fairly  well  protected,  and  from  which  they  would  at  first  escap 
by  becoming  encysted  in  the  intestinal  wall,  and  then,  bursting  int^ 
the  bowel,  make  their  way  to  the  exterior  with  the  faecal  matte 
and  so  infect  a  new  host.  When  blood-sucking  animals  becam 
evolved,  a  new  cycle  would  be  open  for  them — viz.,  from  th 
vertebrate  through  the  blood-sucker  back  to  the  vertebrate — an( 
thus  the  old  method  by  way  of  the  alimentary  canal  would  be  losi 

The  origin  of  the  protozoan  blood-parasites  of  man  may  therefor 
be  twofold  :  {a)  from  man's  intestine  into  the  blood ;  (6)  from  ai 
invertebrate's  alimentary  canal  into  the  blood  of  man. 

The  result  of  one  or  other  of  these  methods  is  well  illustrated  b 
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the  malarial  parasite,  which  passes  through  its  sexual  cycle  in  an 
Anophehne  mosquito,  which  is  its  definitive  and,  according  to  the 
view  adopted,  its  primary  or  secondary  host.  When  the  infected 
Anophehne  bites  a  man,  the  parasite  enters  into  the  blood- 
stream, in  the  red  cells  of  which  it  develops  and  undergoes  its 
asexual  cycle.  Man  is  therefore  the  intermediary,  and  either  the 
pnmary  or  secondary,  host  of  the  malarial  parasite,  as  mentioned 
above. 

The  blood-stream  of  man  contains  two  different  elements  •— 
(i)  hquor  sanguinis ;  (2)  cells— (a)  red,  (b)  white.  Therefore  the 
parasite  has  two  possibihties  before  it— either  to  live  in  the  liquor 
or  in  a  cell,  or  partially  in  one  and  partially  in  the  other  ;  and  this 
last  is  what  generally  happens— li.e.,  the  parasite  Jives  so  much  of 
its  cycle  in  a  cell  and  so  much  in  the  blood-stream.  It  would,  how- 
ever, appear  that  there  is  a  great  phylogenetic  tendency  for  pro- 
tozoan parasites  to  leave  the  liquor  sanguinis  and  to  reside  in  red 
cells  (the  malarial  parasite)  or  in  white  cells  or  in  endothelial  cells 
(the  Leishman-Donovan  parasite),  '^^ 

Infection  of  the  Embryo.— Protozoan  blood  parasites  apparently 
can  be  arranged  in  two  categories  as  regard^  the  infection  of 
the  foetus,  for  some,  like  the  malarial  parasite  (which  is  generally 
considered  to  be  incapable),  do  not  traverse  the  placenta,  while 
others,  like  the  Spirochcetes  and  Treponemata,  can  do  so.  With 
regard  to  the  infection  of  invertebrate  eggs  the  matter  is  quite 
difierent,  for  many  of  these  parasites  infect  the  eggs,  thus  carrying 
the  germs  of  disease  into  a  new  generation  of  blood-suckers. 

It  would  appear  as  though  the  intracellular  stage  enabled  the 
parasite  to  grow  (e.g.,  consider  Schaudinn's  history  of  the  develop- 
ment of  HcBmoproteus  noctuce  in  the  little  owl)  and  to  multiply 
(e.g.,  note  the  development  and  multiplication  of  the  malarial 
parasite). 

In  the  evolution  of  such  haematozoan  types  some  authorities 
(Woodcock)  hold  that  the  flagellate  forms  living  in  the  blood- 
stream are  to  be  considered  the  most  primitive,  and  that  the  more 
truly  cellular  the  parasite  becomes,  the  more  it  has  evolved.  Hence 
the  HcBmoflagellata,  or  parasites  freely  moving  in  the  liquor  san- 
guinis, are  with  difficulty  separated  from  the  HcBmosporidia,  or  para- 
sites which  mostly  live  in  blood  cells.  For  many  reasons  some  of 
these  two  gtoups  of  parasites  have  been  united  together  into  one 
order  of  the  flagellates,  as  will  be  explained  further  on. 

General  Account. — Protozoan  parasites  vary  in  size  from  the  large 
SarcocystidcB  in  muscle  to  most  minute  forms  in  the  blood  {Hcemo- 
protozoa).  In  fact,  it  is  possible  that  some  forms  may  exist  which 
we  have  not  yet  recognized,  because  their  minute  size  prevents  their 
being  visible  to  the  human  eye,  even  when  aided  by  the  highest 
powers  of  the  microscope.  '         ' 

The  parasites  themselves  consist  of  protoplasm,  which  in  some 
instances  shows  a  modification  into  ectoplasm  and  endoplasm,  the 
former  being  clear  and  hyaline  and  the  latter  dark  and  granular. 
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In  the  protoplasm  are  to  be  found— (i)  nucleus,  {2)  metaplasmat 
granules,  and  (3)  vacuoli. 

The  nucleus  is  a  complex  body  composed  of  chromatic  an 
achromatic  substances.  It  may  be  single,  or  divided  mto  tvv 
principal  masses — trophonucleus  or  nutrition-nucleus  and  kinet( 
nucleus  or  motion-nucleus,  or  into  macronucleus  and  micronucleu 
The  latter  are  quite  different  from  the  tropho-  and  kinetonuclei,  f( 
the  macronucleus  is  trophic  and  kinetic,  while  the  micronucleus 
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Fig.  38. — Diagram  of  the  Life-Cycles  of  Entamceba  coli  Loesch. 

I,  Entamosba  coli  ;  a-e,  stages  in  the  process  of  binary  fission  ;  A-D,  fraj 
mentation  or  schizogony  ;  2-13,  sexual  reproduction  or  sporogony. 

purely  reproductive.    The  former  are  typically  seen  in  the  binucleat 
and  the  latter  in  the  heterokaryota. 

Associated  with  the  nucleus  may  be  found  small  granules  ( 
chromatin  scattered  through  the  cytoplasm.  The  metaplasti 
granules  are  metabolic  products.  The  vacuoli  may  be  either  th 
contractile  vacuole,  which  is  considered  to  be  respiratory  an 
excretory  in  function,  or  the  food  vacuoles,  which  begin  with 
globule  of  water  taken  in  with  the  food.  Into  this  vacuole  an  aci 
is  secreted  from  the  cytoplasm  and  digests  the  food,  which  is  the 
absorbed.  Then  the  vacuole  with  the  undigested  food  travels  1 
the  periphery,  and  the  waste  product  is  extruded. 
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Protozoa  generally  have  some  power  of  movement  by  pseudo- 
podia,  ciha,  or  flagella,  but  under  unfavourable  circun^tances 
they  may  lose  this  power,  and,  becoming  quiescent,  surround  them- 
selves with  an  envelope  and  become  encysted.  Unfavourable 
.circumstances  are  lack  of  food,  desiccation,  irritating  chemical 
substances,  and  unusual  surroundings. 

Reproduction  in  the  protozoa  takes  place  asexually  or  sexually. 

As  long  as  conditions   are  favourable-i.e.,   there  is  abundance 

.u  °^~??i°^°^  reproduce  asexually  by  one  of  the  following 

methods :  (i)  binary  fission ;  (2)  gemmation ;  and  (3)  spore-formation 

1.  Bmary  Ftssion.—ln  binary  fission  there  is  first  division  of  the 
nucleus,  which  sometimes  takes  place  by  amitosis,  followed  by  that 
of  the  cytoplasm,  when  the  parasite  divides  into  two  more  or  less 
equal  halves  (Fig.  38). 

2.  Gemmation.— In  gemmation  the  nucleus  divides  usually  by 
nutosis  into  two  or  more  nuclei,  which  either  travel  to  the  peri- 
phery, and  become  surrounded  by  small  masses  of  protoplasm, 


Fig.  39.^-ScHizoGONY  OF  Plasmodium  vivax  Grassi  and  Feletti. 
(After  Schaudinu.) 

I,  Young  trophozoite  ;,  2,  ring  form  ;  3,  ring  form  showing  haemozoin  ; 
4,  parasite  with  pseudopodia  ;  5,  old  trophozoite  ;  6,  schizont  showing  com- 
mencement of  first  division  ;  7,  schizont  with  four  nuclei ;  8,  schizont  with 
several  nuclei  (the  corpuscle  shows  Schiiffner's  dots) ;  9,  schizont  divided  into 
merozoites  ;  10,  merozoites  and  haemozoin  free. 

which  separate  from  the  parent  parasite — ectogenous  gemmation— 
or  remain  in  the  cytoplasm,  a  portion  of  which  becomes  differ- 
entiated around  each  nucleus — endogenous  gemmation. 
'  iThe  explanation  of  the  two  methods  is  that  in  ectogenous  gemma- 
tion the  buds  are  separated  from  the  mother  cell  externally,  while 
in  endogenous  gemmation  the  locaUzed  budding  area  sinks  into  the 
body  substance  of  the  mother  cell,  with  the  result  that  the  buds  are 
contained  in  a  brood  sac.  This  localized  endogenous  area  is  called 
a  pansporoblast,  though  in  some  the  entire  organism  forms  a  pan- 
sporoblast, which  is  considered  to  be  phylogenetically  derived  from 
the  localized  condition — i.e.,  the  whole  cell  represents  only  the  pan- 
sporoblast. 

Plasmotomy. — Plasmotomy  is  the  term  applied  to  the  inter- 
mediate division  of  the  cytoplasm  of  multinuclear  parasites  into 
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two  or  more  masses,  which  afterwards  may  or  may  not  reprodu( 
by  spore-formation. 

3.  Spore-Formation.— lnstea.d  of  being  considered  a  process  < 
internal  gemmation,  the  iformation  of  pansporoblasts  "i.^-Y^ 
looked  upon  as  a  process  of  spore-formation  proceeding  while  tli 
organism  grows,  as  is  typically  seen  in  the  Neosporidia. 

The  typical  asexual  spore-formation  or  schizogony  is,  howeve: 
met  with  in  the  Binucleata  and  Telosporidia,  in  which  the  earl 
stages  absorb  nutriment  and  increase  in  size,  being  therefore  calle 
trophozoites.  When  fully  grown  they  form  a  quiescent  body,  th 
schizont,  whose  nucleus  and  cytoplasm  divide  into  a  number  c 
small  forms  called  asexual  spores  or  merozoites,  generally,  hov 
ever,  leaving  a  little  undivided  c5rtoplasm  laden  with  effete  mattei 
which  is  Ccdled  a  nucleus  de  reliquat,  or  '  rest  body.' 


Fig.  40. — Sporogony  of  Plasmodium  vivax  Grassi  and  Feletti. 
Development  of  the  Microgametk. 

(After  Schaudinn.) 

I,  Young  microgametocyte ;  2,  3,  older  forms;  4,  fully-grown  microgametc 
cyte,  as  seen  in  the  blood  of  man  ;  5 ,  division  of  the  nucleus  (reduction)  in  th 
stomach  of  an  anopheline ;  6,  nuclei  have  travelled  to  the  periphery,  which  ha 
grown  out  to  form  the  commencement  of  a  microgamete ;  7,  microgametocyt 
with  three  microgametes  ;  8,  a  free  microgamete. 

These  merozoites  are  the  forms  by  which  the  parasite  multiplie 
in  the  given  host,  and  are  not  the  means  by  which  new  hosts  ar 
infected.  They  therefore  enter  new  cells  in  the  host  in  whicl 
they  are  formed,  and  growing  into  a  trophozoite,  complete  a: 
asexual  life  cycle,  which  is  called  the  cycle  of  schizogony,  0 
simply  schizogony  (Fig.  39). 

A  time  arrives  in  the  infection  of  every  host  when  the  fooi 
material  for  the  given  parasite  is  diminished  by  the  numbers  c 
forms  produced  by  asexual  reproduction,  or  when  the  tissues  of  th 
host  react  against  the  parasite  by  chemical  substances,  or  phage 
cytosis,  or  b^  both  methods  combined. 

When  these  adverse  circumstances  become  sufficiently  seven 
changes  take  place  in  the  parasite  which  produce  forms  capable  c 
leaving  the  given  host  and  existing  outside  it,  either  in  a  differei 
species  of  animal  or  simply  in  the  exterior,  until  an  entry  is  mac 
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into  a  new  host  of  the  same  species  as  before, 'when  schizogony 
begins  again. 

The  changes  which  the  parasite  has  to  undergo  in  spreading 
from  one  host  to  another  are  generally  associated  with  sexual 
reproduction,  and  the  whole  cycle  frflm  a  given  host  of  a  certain 


-Sporogony  of  Plasmodium  vivax  Grassi  and  Feletti. 
Development  of  the  Macrogamete. 
(After  Schaudinn.) 

1-3,  Young  macrogametocytes  ;  3,  Fully-developed  macrogametocyte  in 
the  blood  of  man ;  4,  reduction  and  formation  of  a  polar  body  in  tlie  stomach 
of  an  anopheline  mosquito  ;   5,  macrogamete  and  one  polar  body. 

species  to  another  host  of  the  same  species  is  called  the  cycle  of 
sporogony,  or,  more  simply,  sporogony  (Figs.  40,  41,  and  42). 

In  adverse  or  changed  circumstances,  therefore,  the  merozoites 
develop  into  more  resisting  forms,  which  are  called  gametocytes, 
in  which,  by  reduction  of  the  nuclear  material,  the  male  and  female 


Fig.     42.  ^Sporogony      of 
Plasmodium  vivax  Grassi 
and  Feletti  :  Zygosis. 
(After  Schaudinn.) 

I,  Zygosis  of  one  micro- 
gamete  with  the  macro- 
gamete ;  2,  ookinete  and 
degenerate  microgametes. 


Fig.  43. — Parthenogenesis  of  Plasmodium 

vivax  Grassi  and  Feletti. 

(After  Schaudinn.) 

I,  Macrogametocyte;    2,   division  of  the 

nucleus  ;  3-6,  formation  of  merozoites  from 

one  portion  of  the  nucleus,  and  separation 

of  the  other  portion  with  the  haemozoin. 


elements  in  the  nucleus  are  separated ;  the  two  elements  may  exist 
in  the  same  cell  or  in  separate  sells,  but  usually  the  male  element  of 
one  cell  fuses  (zygosis)  with  the  female  element  of  another  cell, 
3,nd  forms  a  new  individual  with  a  new  nucleus  or  synkaryon. 
,  This  new  individual  proceeds  to  reproduce  itself  rapidly  by 
Neither  binary  fission  or  spore-formation.     In  the  latter  case,  in 

h '  "        .  ..  i4_2 
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order  to  prevent  confusion,  the  terms  employed  are  different  froi 
those  used  in  asexual   reproduction.      The   parasite  is   called 
sporont,  the  spores  sporozoites.     The  sexual  reproduction  take 
place  in  the  definitive  host,  which  may  be  different  from  the  inte: 
mediary  host  in  which  the  as'exual  reproduction  is  found. 

Parthenogenesis  and  Etheogenesis. — In  addition  to  the  abov( 
reproduction  can  take  place  from  a  female  type  of  parasite  (partheiw 
genesis),  or  more  rarely  from  a  male  type  of  parasite  (etheogenesis 
without  any  completion  of  the  sexual  process  (Fig.  43)- 

A  very  good  example  of  parthenogenesis  is  found  in  the  malari; 
parasite,  in  which  the  female  gametocyte  is  capable  of  resistin 
both  the  action  of  the  chemicals  of  the  body  and  drugs,  and  : 
therefore  capable  of  lying  doripant  for  some  time.  When  given  a 
opportunity  for  development,  its  nucleus  and  protoplasm  divid 
into  two  portions,  one  of  which  degenerates  and  disappears,  whU 
the  othdr  forms  merozoites  and  starts  the  cycle  of  schizogony  anev 

Etheogenesis,  a  term  introduced  by  Prowazek,  is  the  much  rare 
change  in  the  male  parasite  whereby  asexual  reproduction  begir 
again. 

Classification. — ^The  classification  of  the  subkingdom  protozo 
is  by  no  means  satisfactory  at  present,  and  will  have  to  be  cor 
siderably  altered  in  the  near  future. 

The  usual  classification  is  into  four  phyla :  (i)  sarcodina ;  (2)  mas 
tigophora  ;  (3)  sporozoa  ;  (4)  infusoria. 

The  sarcodina  move  and  capture  food  by  pseudopodia;  th 
mastigophora  by  fiagella ;  the  sporozoa  are  parasites  withou 
motile  organs ;  and  the  infusoria  move  by  means  of  cUia.  Whe 
this  classification  was  brought  into  use,  practically  nothing  wa 
known  about  the  life-history  of  the  protozoa,  a  more  complete  know 
ledge  of  which  is  stiU  required. 

Since  the  valuable  researches  of  Schaudirm  into  the  life-historie 
of  some  flagellates,  suspicion  has  been  aroused  that  some  of  th 
Hsemosporidia  are  stages  in  the  life-history  of  the  Heemofiagellata. 

Even  if  this  be  not  correct,  there  is  evidence  of  a  close  relatioi 
ship  between  the  two  groups,  and  there  are  biologists  who  believ 
them  to  be  phylogenetically  related. 

Therefore  Sambon  1906  and  Hartmann  1907  have  united  th 
Hsemoflagellata  and  the  Haemosporidia  into  one  group,  whic 
belongs  to  the  flagellate  division  of  the  protozoa,  an  arrangemer 
which  we  have  partially  followed,  for  recent  researches  indicaf 
that  the  Hsemogregarines  are  allied  to  the  Telosporidia. 

Among  the  blood  parasites  of  man  and  other  animals  there  ai 
found  some  wavy,  thread-like  organisms  {Spirochcetes  and  Tn 
ponemata),  with  which  must  be  classed  some  free-living  forms  whos 
position,  even  in  the  animal  kingdom,  has  been  disputed. 

The  opinion  is  gaining  ground,  however,  that  these  forms  ai 
protozoa  with  a  low  type  of  nucleus,  but  so  different  are  they  froi 
the  ordinary  phyla  of  protozoa  that,  following  Doflein's  ar 
Fahtham's  suggestions,  we  shall  place  them  in  a  separate  phylur 
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hough  Calkins  thinks  it  better  to  leave  them  in  their  old  position 
t  present. 

Further,  the  old  group  of  the  sporozoa  contains  two  such  different 
;roups  of  animals  in  its  subdivisions  into  Telosporidia  and  Neo- 
poridia  that  it  is  justifiable  to  do  away  with  this  combination, 
md  to  raise  the  two  divisions  to  the  rank  of  separate  phyla. 

Finally,  the  two  nuclei  of  the  infusoria  are  so  totally  different 
n  function  from  the  nucleus  or  nuclei  of  the  rest  of  the  protozoa 
hat  the  subkingdom  is  capable  of  being  divided  into  two  divisions 
-the  Heterokaryota  or  infusoria,  and  the  Plasmodromata,  under 
vhich  heading  come  the  other  phyla. 

The  classification  of  the  protozoa  will  therefore  be  arranged  as 
ollows  : 

DIVISION  I.    PLASMODROMATA  Doflein  1901. 

Protozoa  in  which  the  nucleus  is  not  separated  into  reproductive 
Imicronucleus)  and  non-reproductive  (macronucleus)  portions. 

Subdivision  A. — Without  well-defined  nucleus. 

Subdivision  B. — With  well-defined  nucleus  or  nuclei  in  some 
stage  of  the  life-history. 

Phylum  I.  Sarcodina. — Plasmodromata  which  move  and  capture 
their  food  by  pseudopodia. 

Phylum  II.  Mastigophora.  —  Plasmodromata  which  move  and 
it  times  capture  their  food  by  flagella. 

Phylum  III.  Telosporidia.— Fasasitic  Plasmodromata  in  which 
spore-formation  is  distinct  from,  and  takes  place  after  the  trophic 
Dhase  of  the  life  cycle. 

Phylum  IV.  Neosporidia. — Parasitic  Plasmodromata  in  which 
spore-formation  and  trophic  growth  proceed  simultaneously. 

DIVISION  II.   HETEROKARYOTA  Hickson  1903, 

Synonym. — Ciliophora  Doflein  1901. 

Protozoa  possessing  cilia  either  throughout  life  or  only  in  the 
sarly  stages  of  the  life  cycle,  but  always  with  a  micronucleus, 
which  is  entirely  reproductive  in  function  ;  and  a  macronucleus, 
ivhich  is  trophic  and  kinetic. 

Phylum  V.     Ciliata.—HeteToka.iyota.  possessing  cilia  throughout 

life.  .         .,.         , 

Phylum  VI.  Acinetaria.  —  Heterokaryota  possessmg  cilia  only 
in  the  early  stages  of  the  life  cycle.  .       . 

A  most  unfortunate  feature  with  regard  to  classification  is  the 
fashion  prevalent  just  now  of  naming  as  new  any  blood  parasite 
found  in  a  host  in  which  that  particular  type  has  not  been  found 
before.  The  researches  of  Laveran  and  Mesnil,  Negri  and  others, 
tend  to  show  that  in  nature  one  species  of  parasite  is  not  hmited 
to  one  species  or  one  genus  of  host ;  further,  that  the  same  parasite 
may  somewhat  vary  in  different  hosts.     With  these  two  facts  m 
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view  it  is  quite  possible  that  the  numerous  trypanosomes  and  hsemi 
gregarines  described  in  different  hosts  'may  some  day  be  reduce 
in  numbers  when  their  hfe-history  is  fully  known.  In  ord( 
to  meet  this  difficulty,  Sambon  has  suggested  adding  a  thir 
name — that  of  the  host — to  the  nomenclature  of  the  species  ( 
these  families. 

PHYLUM  I.     SARCODINA. 

As  already  noted,  Sarcodina  are  protozoa  moving  and  capturir 
their  food  by  means  of  pseudopodia. 
They  are  divided  into  three  classes  : 

Class  I.  Rhizopoda. — Sarcodina,  parasitic  or  free-living,  with  pseudopod: 
in  the  form  of  lobose  or  reticulate  processes. 

Class  iii.^tdTolaria.}^^'^'=°'^'''^  ^^'"^  ^''^  "^''^''  V^^^^^^"- 
Class  I.  Rhizopoda. 

The  Rhizopoda  are  the  Sarcodina  which  concern  us,  and  they  are  divide 
into — 

,  Subclas.<:  I.  Amoebida. — Rhizopoda,  parasitic  or  free-living,  with  loboi 
pseudopodia. 

Subclass  II.  Foraminitera. — Rhizopoda  which  are  never  parasitic. 

Subclass  I.  Amoebida. 

The  Amcebida  are  the  only  Rhizopoda  with  which  we  are  interested,  and  the 
are  classified  into — 

Order  I.  Gymnamoebida. — Naked  Amoebida. 
Order  II.  Thecamcebida. — Shell-bearing  Amoebida. 


ORDER  I.     GYMNAMCEBIDA. 

This  is  the  only  order  of  the  Sarcodina  which  contains  parasiti 
forms,  of  which  the  important  genera  are  :  Genus  i.  Entamoeba 
Genus  i.  Par  amoeba  ;  and  Genus  3.  Leydenia  (doubtful). 

Genus  I.  Entamoeba  Casagrandi  and  Barbagallo  1895. 

The  genus  Entamoeba  is  separated  from  that  of  the  amoeba  by  th 
fact  that  its  species  are  parasitic,  do  not  contain  a  contractu 
vacuole,  possess  a  nucleus,  and  when  encysted,  reproduce  by  interuE 
division  (endogeny). 

A  large  number  of  these  Entamoebcs  have  been  described  in  mai 

A.  Intestinal. — (i)  Entamoeba  coli  Losch  1875  ;  (2)  E.  histolytic 
Schaudinn  1903  ;  (3)  E.  undulans  Castellani  1904 ;  (4)  E.  tropicah 
Lesage  1908  ;  (5)  E.  tetragena  Viereck  1907 ;  (6)  E.  phagocytoides: 

B.  Buccal. — (7)  Entamoeba  gingivalis  Gros  1849  '•  (8)  E.  buccah 
Prowazek  1904  ;  (g)  E.  dentalis  Grassi  1879. 

C.  Urogenital. — (10)  Entamoeba  urogenitalis  Balz  1883. 

D.  Pulmonary. — (11)  Entamoeba  pulmonalis  Artault  1898. 

E.  In  Abscesses. — (12)  Entamoeba  kartulisi  Doflein  1901. 

F.  In  Serous  Exudations. — (13)  Entamoeba  miurai  Ijima  1898. 
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In  addition  to  these,  a  number  of  Entamcebce  tiave  been  described 
in  animals — viz.,  Entamoeba  muris  Grassi  in  tlie  intestine  of  mice, 
which  Wenyon  considers  is  the  same  as  E.  coli  Losch  of  man  ; 
E.  blatiee  Biitschli  in  the  proctodaeum  of  Blatta  orientalis,  the 
cockroach  ;  E.  ranorum  Grassi  in  the  alimentary  canal  of  Rana 
esculenta  ;  E.  pcedophthora  Caullery,  attacking  the  eggs  of  a  crus- 
tacean, Peltogaster  curvatus  ;  and  E.  nuttalli  Castellani  1908  found 
in  a  liver  abscess  and  in  dysentery  in  monkeys  in  Ceylon. 

It  is,  however,  with  the  human  Entamasbce  that  we  are  concerned. 
The  mouth  amoebas  are  probably  all  the  same  species  as  the 
Entamoeba  buccalis  of  Prowazek,  though  it  is  not  possible  to  be 
quite  certain  whether  E.  buccalis  of  Sternberg  1862  really  is  the 
same. 

Associated  with  abscesses  about  the  lower  jaw  or  the  floor  of  the 
oral  cavity,  amoebae  have  been  described  {Entamoeba  kartuKsi 
Doflein)  by  Kartulis  and  by  Flexner,  which  may  be  E.  buccalis, 
or  may  be,  as  Doflein  suggests,  E.  histolytica,  which  is  well  known  to 
enter  the  blood-stream  and  be  disseminated  over  the  body,  giving 
rise  to  a  form  of  general  entamoebiasis. 

Balz,  Jiirgens,  Kartulis,  Posner,  and  Wynhoff  have  described 
amoebas  in  the  urino-genital  tract  of  man,  which  were  very  motile, 
50  ft  in  diameter,  with  granular  plasma  and  vesicular  nucleus. 
Amoeba  miurai  from  the  serous  fluid  of  a  woman  suffering  from 
peritonitis  and  pleuritis  due  to  an  endothelioma,  and  the  amoeba- 
like bodies  described  by  Schaudinn  under  the  name  Leydenia 
gemmipara,  appear  of  doubtful  nature,  though  Lauenstein  and 
Behla  have  recently  recorded  the  same  organism  in  a  case  of  cancer 
with  ascitic  fluid. 

This  reduces  the  Entamoebce  to  be  considered  to — Entamoeba  coli 
Losch  1873  ;  E.  histolytica  Schaudinn  1903  ;  E.  tropicalis  Lesage 
igo8  ;  E.  undulans  Castellani  1905  ;  E.  tetragena  Viereck  1907  ; 
E.  buccalis  Prowazek  1904. 

With  regard  to  these,  the  greatest  difficulty  has  been  the  separation 
of  Entamoeba  coli  from  E.  histolytica.  The  history  of  these  amoebse 
is  interesting.  Starting  in  1859  with  the  note  by  Lambl  of  the 
presence  of  some  sort  of  an  amoeba  and  other  protozoa  in  a  case 
of  dysentery,  the  first  clear  account  is  that  by  Losch  in  1875,  in 
which  he  considers  these  amoebse  as  the  cause  of  the  dysentery. 

This,  however,  was  soon  followed  by  Grassi's  (1879)  description 
of  the  amoebae  in  the  motions  of  healthy  people,  and  in  1881  by  the 
papers  of  Lewis  and  Cunningham  concerning  their  presence  in  persons 
suffering  from  cholera.  Losch's  findings  were,  however,  confirmed 
by  Koch  and  KartuHs,  and  since  that  time  it  has  been  more  or  less 
generally  believed,  especially  after  the  classical  investigation  of 
Kruse  and  Pasquale,  that  there  are  two  kinds  of  amoebae,  one  harm- 
less, and  the  other  the  cause  of  entamoebic  dysentery  {e.g..  Council- 
man and  Lafleur,  Roos,  and  Quincke) .  It  was  not,  however,  till  the 
description  of  Entamoeba  coli  by  Casagrandi  and  Barbagallo  and  the 
investigations  of  Jiirgens  were  compared  and  extended  by  Schau- 
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dinn  that  it  was  possible  to  clearly  understand  the  difference  betwee 
these  amoebae. 

Schaudinn,  however,  clearly  separated  them  into  Entamoeba  coi 
Losch  and  E.  histolytica  Schaudinn,  and  it  is  from  his  wor 
that  the  following  description  is  taken. 

Entamoeba  coli  Losch  1875. 

The  Entamoeba  coli  of  Losch  may  be  defined  as  an  amcEba  para 
sitic  in  the  intestines  of  healthy  human  beings,  and  characterize 
by  possessing  no  distinct  layer  of  ectoplasm,  unless  a  pseudopodiur 
is  being  formed,  when  a  hyaline  projection,  which  is  the  ectoplasn 
followed  by  endoplasm,  flows  out  into  a  typical  pseudopodiun 
which,  owing  to  this  construction,  is  looked  upon  as  being  sof1 
The  other  characteristics  are  the  presence  of  a  large  easily-see: 
nucleus  placed  subcentrally  and  deeply  stained  by  reagents,  an 
the  fact  that  when  this  divides  in  schizogony  or  sporogony  eigh 
merozoites  or  sporozoites  result.  It  varies  from  8  to  50  /t  in  diametei 
Entamoeba  coli  lives  in  the  lumen  of  the  large  intestine,  neve 
penetrating  the  mucosa  and  feeding  on  the  contents  of  the  bowel. 
Reproducton  is  both  asexual  and  sexual  {vide  Fig.  38). 
Asexual  Reproduction. — Asexual  reproduction  may  take  plac 
by  [a)  binary  fission,  [b)  fragmentation,  which  are  best  studie 
by  giving  infected  persons  a  saline  purgative  and  examining  th 
motions  microscopically. 

{a)  Binary  Fission. — In  this  method  the  nucleus  first  divides  b 
amitosis,  and  then  the  cytoplasm  follows  suit,  and  two  forms  resuf 
which  grow  into  the  usual  adult  type. 

[b]  Fragmentation. — ^The  parasite  which  reproduces  by  thi 
method  is  a  schizont.  Its  nucleus  divides  by  mitosis  into  eigh 
nuclei,  around  which  the  protoplasm  divides  to  form  eight  lift] 
amoebae  (merozoites),  which  grow  into  adult  parasites. 

Sexual  Reproduction. — Sexual  reproduction,  or  sporogony,  : 
complex,  and  only  begins  when  conditions  for  obtaining  food  becom 
less  favourable — e.g.,  when  diarrhoea  is  passing  off  or  in  health 
motions — and  is  the  method  whereby  the  parasite  is  transferre 
from  one  host  to  another.  It  therefore  begins  in  host  No.  i  (man 
continues  in  the  world  external  to  that  host,  and  concludes  ; 
host  No.  2  (man). 

The  whole  process  has  been  worked  out  by  the  researches  ( 
Casagrandi  and  Barbagallo,  confirmed  and  extended  by  Schaudim 
not  merely  by  microscopical  research,  but  also  by  feeding  expei 
ments  upon  himself  and  cats. 

Sporogony  begins  by  an  Entamoeba  secreting  a  thin  gelatinoi 
envelope  around  itself,  and  then  passing  out  of  host  No.  i  into  tl 
external  world  with  his  fasces.  About  80  to  go  per  cent,  of  thei 
encysted  parasites  perish  and  undergo  no  further  development,  bi 
some  10  to  20  per  cent,  proceed  farther. 
The  first  step  is  that  the  nucleus  divides  into  two  daughter  nuclf 
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which  travel  to  opposite  poles  of  the  parasite,  while  a  clear  dividing- 
line  appears  in  the  cytoplasm  between  them. 

This  constitutes  the  division  of  the  parasite  into  two  separate 
individuals. 

After  a  pause  the  chromatin  of  these  nuclei  passes  into  the  proto- 
plasm, forming  the  chromidia  of  a  diffuse  nucleus,  and  all  that 
remains  of  the  original  nucleus  is  the  achromatic  portion,  which 
then  disappears.  A  certain  number  of  the  chromidia  also  disappear, 
while  the  remainder  collect  together  and  form,  in  each  half  of  the 
parasite,  a  new  nucleus.  Therefore  each  individual  has  a  new 
nucleus.  The  explanation  of  this  process  is  probably  the  separation 
of  the  vegetative  from  the  sexual  elements  of  the  nucleus.  The 
result,  therefore,  is  two  cells,  each  of  which  contains  male  and 
female  elements,  as  will  appear  later. 

The  new  nuclei  now  proceed  to  divide  into  two,  and  again  into 
two,  thus  forming  three  nuclei  in  each  portion  of  the  cytoplasm. 

Two  of  these  are  absorbed  or  thrown  out,  and  therefore  must  be 
looked  upon  as  polar  bodies,  and  the  whole  process  is  somewhat 
analogous  to  reduction  in  higher  animals — i.e.,  to  the  maturation 
of  the  sexual  elements.  There  is  therefore  left  in  each  portion  of 
the  cytoplasm  only  one  nucleus,  and  now  changes  begin  to  take 
place  in  the  cyst-wall  and  the  protoplasm.  The  cyst-wall  becomes 
much  thicker,  while  the  protoplasm  shrinks  and  the  dividing-line 
disappears,  so  that  the  parasite  consists  of  one  mass  of  cytoplasm 
containing  two  bisexual  nuclei.  Each  of  these  nuclei  divides  into 
two  by  mitosis,  forming  a  male  and  a  female  pronucleus.  The  male 
pronuclei  move  across  the  cytoplasm  and  conjugate  with  the  female 
pronuclei  of  the  opposite  pole,  thus  forming  two  synkarya.  This 
process  may  be  looked  upon  as  analogous  to  the  fusion  of  the  ovum 
and  spermatozoon  of  higher  animals. 

Each  synkaryon  now  divides  into  two,  and  each  of  these  again 
into  two,  so  that  the  single,  mass  of  protoplasm  now  possesses  eight 
nuclei,  the  whole  being  surrounded  by  a  thick  cyst-wall. 

The  parasite  remains  in  this  condition  until  swallowed  by  host 
No.  2.  When  the  cyst  reaches  the  large  bowel  its  protoplasm 
quickly  divides  into  eight  little  amoebae  or  sporozoites,  which, 
escaping  from  it,  in  their  turn  develop  into  adult  parasites,  thus 
completing  the  cycle  of  sporogony.  . 

Pathogenieity.— This  amoeba  is  a  harmless  commensal  in  ttie 
alimentary  canal  of  man. 

Culture.— Entamceba  coli  Losch  has  been  artificially  cultivated  in 
symbiosis  with  bacteria,  but  for  information  on  this  subject  see  the 
remarks  under  the  same  heading  in  the  description  of  E.  histoLyttca. 

Entamoeba  histolytica  Schaudinn  1903. 
This  parasite  has  been  carefully  described  by  Jiirgens  in  1902, 
and  his  observations  have  been  confirmed  and  much  extended  by 
Schaudinn. 
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When  fully  grown  it  measures  about  25  to  30  jx  in  diameter,  an 
has  a  clearly  defined  ectoplasm,  of  which  the  pseudopodia  ai 
entirely  composed.  The  pseudopodia  are  considered  by  Schaudin 
to  be  capable  of  burrowing  into  epithelial  cells  and  into  th 
submucosa  of  the  bowel.  He  lays  great  stress  upon  this  factor,  a 
the  difference  between  the  harmless  commensal  EntamcBba  colt  an 
the  disease-producing  E.  histolytica.     The  nucleus  is  small  m  siz( 


Fig.  44. -^Diagram  of  the  Life-Cycles  of  Entamceba  histolytica 

schaudinn. 

(Constructed  from  Craig's  drawings  in  the  Journal  of  Infectious  Diseases.) 
A,  B,  Binary  fission  ;   1-8,  spore  formation. 

poor  in  chromatin,  and  placed  excentrically,  sometimes  close  to  t\ 
periphery.  The  parasite  appears  to  feed  on  detritus,  bacteria,  an 
red  cells. 

It  reproduces  in  three  ways  :  (i)  binary  fission ;  (2)  gemmatior 
and  (3)  spore-formation. 

I.  Binary  Fission. — This  method  was  only  discovered  by  Schai 
dinn  on  examining  fresh  specimens  of  the  infected  alimentary  cana 

The  nucleus  divides  by  amitosis  into  two,  and  then  the  cytoplasi 
splits  into  two  equal  daughter  cells. 
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2.  Gemmation. — Gemmation,  found  more  commonly  than  binary 
fission  by  Schaudinn,  consists  of  the  division  of  the  nucleus  by 
amitosis  into  two  or  more  daughter  nuclei,  which,  together  with  small 
portions  of  the  cytoplasm,  separate  off  from  the  mother  cell,  the 
daughter  cell  being  smaller  than  the  mother  cell. 

3.  Spore-Formation. — In  spore-formation,  which  only  takes  place 
under  unfavourable  circumstances,  such  as  when  recovery  is  taking 
place  after  an  attack  of  dysentery,  the  chromatin  in  and  around  the 
nucleus  becomes  diffused  into  the  cytoplasm,  and  finally  collects 
near  the  periphery,  and  the  remains  of  the  nucleus  disappear,  being 
either  pushed  out  or  absorbed.  The  ectoplasm  forms  small  knobs, 
containing  several  chromidia  in  each.  These  knobs  and  their 
chromidia  become  separated  off  as  rounded  bodies,  which,  becoming 
surrounded  with  a  yellowish-brown  envelope,  form  the  spores  for 
the  infection  of  a  new  host,  as  has  been  shown  by  Schaudinn's  feeding 
experiments  on  cats,  which  developed  typical  dysentery  with  the 
amoebae  in  the  motions,  in  the  lumen,  and  the  wall  of  the  alimentary 
canal.  These  experiments  further  proved  that  it  was  only  by  the 
spores  that  infection  would  be  spread.  The  rest  of  the  amoeba, 
after  the  formation  of  the  spores,  dies. 

Schaudinn  was  not  able  to  trace  the  development  any  farther 
than  the  above  sketch.  Lesage  says  that  the  nucleus  in  the  little 
cyst  divides  into  three  laterally-placed  nuclei,  each  of  which  de- 
velops into  a  small  amoeba. 

Pathogenicity. — Entamoeba  histolytica  is  the  cause  of  entamoebiasis 
—i.e.,  all  those  ailments,  such  as  amoebic  dysentery,  liver  abscess, 
abscesses  in  other  parts  of  the  body,  in  which  it  is  found. 

Culture. — Entamoeba  coli  and  other  non-pathogenic  amoebae  have 
been  cultivated  in  association  with  bacteria  in  the  water  of  condensa- 
tion of  various  solid  media.  E.  histolytica  has  not  yet  been  culti- 
vated in  this  way.  Lately  Lesage  has  demonstrated  that  leucocytes 
secrete  substances  which  are  favourable  to  the  growth  of  E. 
histolytica.  He  has  succeeded  in  cultivating  it,  using  the  peritoneal 
exudation'  derived  from  guinea-pigs  injected  mtraperitoneally  with 
dysenteric  mucus  and  pus. 

Noc  has  recently  described  an  Entamoeba  in  the  stools  of  dysenteric  patients 
somewhat  similar  to  Entamoeba  histolytica,  but  capable  of  cultivation  m  asso- 
ciation with  bacteria. 

Entamoeba  tropicalis  Lesage  1908. 

Lesage,  from  his  studies  of  tropical  dysentery,  has  come  to  the 
conclusion  that,  just  as  there  is  an  Entamoeba  coli  Losch  parasitic, 
but  non-pathogenic,  in  the  intestine  of  man  in  warm  and  temperate 
countries,  so  there  is  another  amoeba  parasitic,  but  non-pathogenic, 
in  the  intestine  of  man  in  the  tropics.  This  parasite  he  names 
E.  tropicalis.  . 

It  resembles  Entamoeba  coli  by  having  a  nucleus  which  contains 
much  chromatin  and  by  becoming  encysted,  but  it  differs  from  the 
same  in  having  a  clearly  visible  ectoplasm,  by  the  small  size  of  its 
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cysts,  and  by  the  fact  that  the  nucleus  of  the  cysts  break  up  into 
number  of  nuclei,  which  are  from  three  to  several  (he  draws  thirtee 
in  one  cyst).     This  entamoeba  can  be  cultivated  along  with  bacterij 
but  is  non-pathogenic  to  animals. 

Lesage  considers  this  to  be  the  same  amoeba  which  was  studie* 
and  cultivated  by  Musgrave  and  Clegg,  and  thinks  that  the  pre 
duction  of  dysenteric  symptoms  in  their  experiments  was  due  't 


Fig.  45. — Diagram  of  the  Life-Cycles  of  Entamceba  tropicalis 

Lesage. 

(Constructed  from  Lesage's  drawings  in  the  Bulletin  de  la  Soci&ti  de  Patholog; 
Exotique,  showing  binary  fission  and  spore  formation.) 

contamination  with  the  minute  spores  of  Entamceba  histolyticc 
Walker  in  1908  describes  as  a  new  species  E.  hominis,  whic 
may  perhaps  be  the  same  as  E.  tropicalis. 

Pathogenicity. — It  is  a  harmless  commensal  in  the  alimentar 
canal  of  man.  t 

Culture. — It  can  be  cultivated  in  symbiosis  with  bacteria. 

Entamoeba  undulans  Castellani  1905. 

This  amoeba  was  found,  in  faeces  from  persons  suffering  froi 
diarrhoea  in  Ceylon  together  with  other  intestinal  protozoa — e.g 


Fig.  46. — Entamceba  undulans  Castellani. 

Cercomonata  and  Trichomonata.      A  somewhat  similar  amoeba  h; 
been  found  by  Gauducheau. 

It  varies  in  size,  being  from  12  to  30  /i  in  diameter,  but  there  ma 
be  much  smaller  individuals.     It  has  no  flagella,  but  possesses  a 
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undulating  jnembrane  and  long  straight  pseudopodia,  which  are 
rapidly  emitted  and  retracted,  only  one  pseudopodium  being  pro- 
truded at  a  time.  There  is  no  marked  differentiation  into  ectoplasm 
and  endoplasm,  and  a  non-contractile  vacuole  is  usually  to  be  seen. 
The  cytoplasm,  which  is  finely  granular,  often  contains  bacteria. 
Castellani  was  inclined  at  one  time  to  consider  this  parasite  as  a 
developmental  stage  of  Cercomonas  hominis. 

Entamceba  tetragena  Viereck  1907. 

Synonym. — E.  africana  Hartmann  and  v.  Prowazek  1907. 

Entamceba  tetragena  has  been  found  in  cases  of  dysentery  in  South 
Africa,  and  also  in  South- West  Africa  and  South  America. 

It  possesses  a  distinct  ectoplasm,  which  is  visible  when  a 
pseudopodium  is  extruded,  and  a  granular  endoplasm  containing 


Fig.  47. — Diagram  of  the  Life-Cycle  of  Entamoeba  tetragena 

Viereck. 

(Constructed  from  Hartmann's  drawings  in  the  Archiv  fiir 
Schiffs-und  Tropen-Hygiene.) 

I,  Fully-grown  parasite;  2-6,  stages  in  encystment  and  nuclear  division. 

red  cells,  a  large  round  nucleus,  which  is  visible  during  life,  and  very 
large  chromidial  masses,  which,  according  to  Bensen,  are  character- 
istic. In  asexual  reproduction  the  nucleus  first  divides  by  mitosis  into 
two,  and  then  the  cytoplasm  follows  suit.  In  sexual  reproduction 
the  cytoplasm  becomes  clearer,  the  nucleus  divides  into  two  nuclei, 
which,  after  reduction,  undergo  zygosis,  which  indicates  that  auto- 


gamy  or  self-fertilization  takes  place.  The  uninuclear  zygote  no 
encysts,  and  its  nucleus  divides,  forming  first  two  and  final! 
four  nuclei.  The  further  history  of  the  cyst  is  not  known.  Tl 
Entamoeba  is  probably  a  cause  of  amoebic  dysentery  in  certai 
countries. 

Entamoeba  phagocytoides  Gauducheau  1908. 

Entamoeba  phagocytoides  was  discovered  by  Gauducheau  in  Indc 
China  in  a  case  of  dysentery.     It  is  very  small — only  2  to  15  /^  i 

diameter — very  activel 
motile,  and  possessin 
a  well-developed  ectc 
plasm.  It  can  be  easil 
cultivated  on  ordinar 
agar  -  agar  inoculate 
with  Bacillus  typhosi* 
or  other  bacteria,  whic 
it  readily  engulfs  an 
digests.  Some  indivic 
uals  show  in  the: 
cytoplasm  peculia 
spirochaete-like  bodies. 

Entamoeba  bueealis 

Prowazek  1904. 

This  amoeba  was  d( 
scribed  as  a  new  specie 
by  Prowazek  in  190- 
It  was  found  in  th 
mouths  of  person 
suffering  from  dent; 
caries,  and  possesses 
distinct  ectoplasm,  froi 
which  the  pseudopodi 
are  produced.  Th 
nucleus  is  large,  sul 
central  in  position,  an 
poor  in  chromatin.  Th 
food  of  the  amoeba  : 
composed  of  leucocyte: 
bacteria,   and    detritui 

The  development  is  by  binary  fission  and  a  spore-formation  some 

what  like  Entamoeba  histolytica,  f 

*  Entamceba  minuta  Elmassian  1909. — This  amcEba,  found  by  Elmassia 
in  a  case  of  chronic  dysentery  in  South  America,  resembles  Entamcel 
tetragena,  but  is  much  smaller,  rarely  exceeding  14  fi  in  diameter.  There  is  n 
differentiation  between  the  ecto-  and  endoplasm.  The  nucleus  is  iuvisibi 
in  fresh  preparations,  and,  when  stained,  is  rich  in  chromatin.  Encyste 
forms  contain  four  nuclei. 

t  Entamoeba  nipponica  Koidzumi  1909. — ^This  entamoeba  was  found  b 
Koidzumi  in  the  motions  of  cases  of  dysentery  and  in  healthy  people  in  Japai 


Fig.  48. — Diagram  of  the  Life-Cycles  of 
Paramceba  hominis  Craig. 

(After  Craig,  from  the  American  Journal  of 
Medical  Sciences.) 
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Genus  2.   Paramceba  Greeff. 


Pammosbais  usually  described  as  one  of  the  Sarcodina,  but  Hartoe  orobahlv 
"^Thl^nTwn?  *^f'p  ''''°T  '°,.*^"  C.y/,.„„o„««ii„«'  of  the  Mali|;?ho«^ 
Schaudh^n  It  iL  flf?''^"'^''-^  r'^'':'**'  Schaudinn  has  been  worked  out  by 
hchaudinn.     It  is  a  flat,  discoidal  protozoon,  with  short,  lobose  pseudopodia 


Fig.  49. — Leydenia  gemmipara 

ScHAUDINN. 

(After  Schaudinn.) 


Fig.  50. 


— Chlamydophrys  enchelys 
Ehrenberg. 

(After  Cienkowsky.) 


Besides  the  nucleus,  there  is  a  cytoplastic  body,  called  by  Schaudinn  the 
'  Nebenkorper."  Reproduction  is  by  simple  fission,  or  by  the  parasite  be- 
coming encysted,  and  then  the  '  Nebenkorper,'  and  later  the  nucleus,  breaking 
up  into  a  number  of  divisions,  and  finally  the  protoplasm  segmenting  around 
these  to  form  spores,  each  containing  a  piece  of  the  '  Nebenkorper  '  and  a  piece 
of  the  nucleus.  These  spores  develop  two  fiagella  each,  and,  breaking  out  from 
the  cyst,  and  increasing  by  longitudinal  division,  in  due  course  lose  their 
flagella  and  become  young  amoebae. 

Paramoeba  hominis  Craig  1907. 
Paramcsba  hominis  is  a  rare  parasite  found  in  natives  in  the  Philippine 
Islands.     In  its  fully-grown  amoeboid  stage  it  is  from  15  to  25  |i  in  diailieter. 

In  the  former  case  it  is  associated  with  Entamceba  histolytica,  which  it 
resembles  in  size  (15  to  30  /i)  and  in  the  marked  difference  between  the  ecto- 
and  endoplasm.  The  pseudopodia  are  never  spinose  ;  the  endoplasm  is 
vacuolated,  and  more  granular  than  in  E.  histolytica.  The  nucleus  is  well 
defined  (5  to  7  j«),  and  rich  in  chromatin.  This  entamoeba  reproduces  by 
fission  schizogony  and  sporogony. 


with  well-detined  ecto-  and  endoplasm  when  moving,  but  not  so  when  at  re 
The  nucleus  is  distinct,  and  is  composed  almost  entirely  of  chromatin. 

This  amoeba  can  reproduce  by  binary  fission  for  some  time,  at  the  end 
which  it  encysts  and  divides  into  a  number  of  small  spherical  bodies,  whi( 
when  liberated  by  the  bursting  of  the  cyst-wall,  develop  long,  delicate  flagel 
and.  move  about  actively.  These  flagellates  grow  rapidly,  and,  eventual 
becoming  quiet,  lose  their  flagella,  and  develop  into  amoebae  (Fig.  48). 

Pathogenicity. — It  is  generally  associated  with  a  severe  form  of  diarrha 
and  is  at  times  the  only  organism  to  be  found  to  account  for  the  sympton 
but  it  is  not  known  whether  it  is  truly  the  cause  of  the  diarrhoea  or  not. 

Genus  3.  Leydenia  Schaudinn  1896. 
Leydenia  gemmipara  Schaudinn  1896. 

Lieberkuhn  observed  cells  in  ascitic  fluid  taken  from  persons  sufferii 
from  malignant  growths  which  moved  about,  but  as  to  the  nature  of  which  1 
did  not  make  any  determination.  Leyden  also  observed  cells  of  this  nature 
two  similar  cases,  and  Schaudinn  carefully  described  them. 

They  were  spherical  or  irregularly  polygonal,  3  to  36  /i  in  diameter,  wi 
knobs  projecting  from  the  surface.  They  possessed  a  distinct  ectoplasm  ai 
hyaline  pseudopodia.  There  was  a  large  vesicular  nucleus.  Developmei 
took  place  by  binary  fission  and  gemmation  (Fig.  49). 

Schaudinn  came  to  the  conclusion  that  these  bodies  were  protozoa  belongii 
to  the  Rhizopoda,  and  called  them  Leydenia  gemmipara  Schaudinn.  A 
■already  remarked,  Lauenstein  and  Behla  have  also  recorded  the  discovery  < 
the  organism  in  a  case  of  cancer.  According  to  Schaudinn,  it  is  the  amceboi 
stage  of  Chlamydophyys  enchelys. 

ORDER  II.  THECAMCEBIDA.  FAMILY  GROMIID.*;. 
Clilainydophrys  enchelys  Ehrenberg. 

Synonym. — Chlamydophrys  stercorea  Cienkowsky  1S76. 

This  rhizopod  (Fig.  50)  though  not  a.  parasite  of  man,  is  of  importanci 
because  it  can  be  found  growing  in  human  faeces,  as  well  as  in  those  of  the  cov 
the  rabbit,  the  mouse,  and  the  lizard.  It  is  oval  in  form,  enclosed  by  a  shel 
except  anteriorly,  where  the  filiform  pseudopodia  project.  The  body  of  th 
parasite  is  divisible  into  an  anterior  portion,  in  which  lie  the  contractil 
and  food  vacuoles,  and  a  posterior  with  the  nucleus.  Reproduction  is  b 
'  bud-fission, '  by  which  is  meant  that  half  the  protoplasm  protrudes  at  th 
mouth  and  forms  a  new  shell,  and  then  separates  from  the  other  half,  whic 
retains  the  old  shell.  If  two  forms  reproduce  by  '  bud-fission  '  close  togethei 
the  daughter  cells  may  partially  coalesce  (plasmogamy),  forming  large  colonic 
of  twenty  or  more  individuals.     The  parasite  may  become  encysted. 

The  sexual  process  starts  by  the  extrusion  of  all  foreign  substances  and  th 
collection  of  the  remainder  of  the  plasma  and  the  chromidia  into  the  shel 
The  chromidial  mass  breaks  up  into  a  number  of  nuclei,  never  more  tha 
eight,  around  which  the  plasma  divides,  forming  swarm  cells,  which,  developin 
two  flagella  at  one  pole  and  escaping  from  the  cell,  conjugate  with  the  swari 
cells  of  another  individual,  and  then  become  encysted.  When  the  cys 
ruptures  under  favourable  circumstances,  a  little  amoeba  escapes,  whic 
speedily  forms  a  shell,  and  becomes  in  due  course  an  adult  Chlamydophrys. 

PHYLUM  ir.     MASTIGOPHORA  Diesing  1866. 

Definition. — The  Mastigophora  are  protozoa  with  one  or  mor 
permanent  organs  in  the  form  of  flagella,  which  serve  for  locomotio 
and  at  times  for  the  capture  of  food. 

They  are  usually  small  in  size,  but  have  a  great  tendency  t 
colony  formation.      The  ectoplasm  is  present  in  the  form  of 
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sheath  called  the  periplast,  a  term  which  is  really  botanical  in  its 
meaning.  This  periplast  may  be  drawn  out  into  an  undulating 
membrane  which  helps  locomotion. 

There  is  a  difference  of  opinion  as  to  which  is  the  anterior  end 
of  the  mastigote.  We  believe,  with  Sambon,  that  the  non-flagellate 
end  should  correctly  be  considered  as  the  anterior  end,  but  several 
authorities  hold  quite  different  views,  and  our  anterior  end  will 
correspond  with  many  other  writers'  posterior.  Very  often  there  is  a 
depression  somewhere  on  the 
surface  of  the  animal,  generally 
near  the  base  of  the  flagellum, 
which  is  intended  for  the  recep- 
tion of  food,  and  is  called  the 
mouth  or  cytostome  ;  more 
.rarely  there  is  an  fjesophagus 
leading  into  the  interior  of  the 

cell.    Nutrition  may  be  holozoic 

or  holophytic,  but  this  hardly 

concerns  us,  as  the  forms  to  be 

described  are  all  parasitic,  and 

live  in  fluids  from  which  they 

absorb    nourishment    by   their 

whole  surface. 
In  the  cytoplasm  there  is  a 

nucleus,  and  in  certain  forms 

two  nuclei :  a  trophonucleus  for 

nutrition,  and  a  kinetonucleus 

for  movement.    The  character 

of  these   nuclei  will  be  dealt 

with  in  detail  in  the  Binucleata, 

section  Trypanosomidse.  The 
,  cytoplasm  may  also  contain  food 
'vacuoles,  contractile   vacuoles, 

chromatin  particles,  and  meta- 
plastic granules. 
Reproduction     takes     place 

asexually  (schizogony)  by 

multiple  or  simple  division  or 

spore-formation,  and  also  by  true  sexual  reproduction  (sporogony), 
.•    brought   about   by   conjugation  with  zygosis  and  the  formation 

of    a    synkaryon.     This    gives    renewed    vigour   to    the    animal, 

which  now  reproduces  quickly  asexually.    Latent  or  encysted  forms 

are  also  known.     In  the  Binucleata  the  life-history  is  very  complex, 

taking  place  in  two  hosts — a  vertebrate  and  an  invertebrate. 
The  whole  subject  of  the  structure  and  life-history  of  the  parasitic 

Mastigophora  requires  much  further  research,  which,  indeed,  is 

being  rapidly  carried  out  all  over  the  world— in  fact,  so  rapidlj; 

that  it  is  hardly  possible  to  write  anything  on  the  subject  as  a 

whole  which  will  not  be  quickly  out  of  date. 

15 


Fig.    51. — Diagram   of    the    Life- 
Cycles    OF   A  Mastigote    (Copro- 

MONAS    SUBTILIS    DoBELL). 

(After    Dobell,    from   the    Quarterly 
Journal  of  Microscopical  Science.) 
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The  classification  is  most  difficult,  and,  indeed,  the  state  ( 
knowledge  is  not  such  as  to  permit  of  a  proper  arrangement.  Tl: 
scheme  proposed  below  must  be  looked  upon  as  merely  provisiona 
and  is  mainly  dependent  upon  the  work  of  Sambon  and  Hartmani 

Classification.  —  The  Mastigophora  are  divided  into  six  sul 
classes  by  Willey  and  Hickson. 

Subclass  I    Lissoflagellata       ]  Euflagellata. 

Subclass  II.  ChoanoflagellataJ         ^ 

Subclass  III.  Phytoflagellata] 

Subclass  IV.  Dinoflagellata     V  Not  parasitic. 

Subclass  V.  Cystoflagellata     ) 

Subclass  VI.  Silicoflagellata.— Parasitic  on  radiolarians. 

CLASS.  EUFLAGELLATA. 

Mastigophora  with  one  to  several  flagella.  They  have  a  tendenc 
to  form  colonies.     The  euflagellata  are  divided  into  two  subclasses 

Subclass  I.  Lissoflagellata. — Flagellum,  single  or  multipl 
without  collar. 

Subclass  i.  Choanoflagellata.  —  Flagellum  always  singl 
and  with  a  collar.     Non-parasitic. 

Subclass.  Lissoflagellata  Lankester. 

The  subclass  Lisso^agellata  is  divided  into  three  orders  : 

Order  i.  Monadidea. — Minute  forms  with  one  or  more  flagella 
Order  2.  Euglenoidea. — Non-parasitic. 
Order  3.  Chromomonadidea. — Non-parasitic. 

Order.  Monadidea  Biitschli. 

The  Monadidea  comprise  four  tribes  : 

Trihe  i.  Pantastomina. — Non-parasitic. 
Trihe  2.  Protomastigina. 
Tribe  3.  Polymastigina. 
Trihe  4.  Binucleata. 

Tribe  2.  Protomastigina. 

Definition. — Monadidea,  in  which  the  food  is  taken  in  at  som 
definite  point  near  the  base  of  the  flagellum,  with  one  or  more  simpl 
contractile  vacuoles,  without  colour,  and  usually  with  reserves  of  f a1 
holozoic,  saprophytic,  or  parasitic.  The  Protomastigina  may  b 
classified  into  : 

Subtribe  i. — Monomastigoda  with  one  flagellum.  Genera  :  Cet 
comonas,  Monas. 

Subtribe  2. — Paramastigoda,  with  one  long  and  one  or  tw 
short  flagella.     Genus  :  Bodo. 

Subtribe.  Monomastigoda. 

Cercomonas  Dujardin  and  Biitschli. 

Cercomonas  is  a  protomastigote,  oval  or  rounded,  with  on 
flagellum. 
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Fig.  52. — Cercomonas  hominis 
Davaine. 

1-3,  and  5,  flagellate  forms  ; 
4,  encysted  form. 


Cercomonas  hominis  Davaine  1854. 

Davaine  found  these  flagellata  in  the  evacuations  of  cholera 
patients  and  since  then  they  have  been  found  in  numerous  cases 
ot  diarrhoea,  and  even  in  normal  stools,  in  which  we  have  often 
seen  them.  They  have  also  been  found  in  sputum  in  cases  of 
gangrene  of  the  lungs  and  in 
pleural  exudations.  They  have 
been  reported  as  parasites  of 
dogs,  ducks,  and  fowls.  There 
has,  however,  been  the  utmost 
confusion  as  to  what  is  meant  by 
Cercomonas,  and  many  writers 
have  confused  it  with  Tricho- 
monas. 

A  Cercomonas  is  a  round  or 
pear-shaped  parasite  averaging 
from  8  to  10  jit  in  diameter,  with 
a  long  flagellum  projecting  from 
the  more  pointed  end.  There  is 
no  undulating  membrane.  The 
nucleus  is  small,  indistinct,  and 
usually  situated  near  the  flagellar 
extremity,  where  a  mouth  has 
also  been  described.  Reproduction  is  by  binary  fission,  and 
Perroncito  and  Piccardi  have  described  encystment. 

According  to  our  experience  at  autopsies,  the  parasite  may  live 
not  only  in  the  small  intestine,  as  generally  stated,  but  also  in  some 
cases  in  the  large  intestine. 

Cercomonas  is  readily  killed,  as  observed  by  Castellani  and 
Willey,  by  a  solution  of  methylene  blue  (i  in  3,000). 

Cercomonas  vaginalis  Castellani  and  Chalmers  1909. 

This  is  a  pear-shaped  or  rounded  parasite,  measuring  5  to  lo  /t  in  its  maxi- 
mum diameter,  and  provided  with  one  flagellum,  a  small  nucleus,  and  food 
vacuoles,  but  without  a  pulsating  vacuole.  It  is  not  uncomrnon  in  the 
vagina  of  native  women  in  Ceylon. 

Other  Species. — C.  anatis  Davaine,  in  the  alimentary  canal  of  ducks  ; 
C.  canis  Gruby  and  Delafoud,  in  the  same  of  dogs  ;  C.  galHnarum  Davaine,  in 
fowls  ;  C.  perryi  Castellani  1907,  found  in  monkeys  (Macacus  pileaius  and 
Setnnopithecus  priamus),  is  practically  identical  vnth  C.  hominis  as  regards 
morphological  characters. 

SUBTRIBE.    PARAMASTIGODA. 
Bode  Stein. 

The  genus  Bodo  Stein  comprises  oval,  or  elongated  (30  n),  naked,  colourless 
protomastigotes,  which  possess  two  flagella  situated  anteriorly,  and  which  are 
generally  of  different  sizes.  The  smaller  points  forward,  while  the  larger 
trails  behind.     The  difference  in  size,  however,  may  not  be  marked. 

A  mouth  is  always  present,  but  an  oesophagus  seldom.  The  nucleus  lies 
in  the  middle.  Reproduction  is  by  longitudinal  binary  fission  or  swarm-spore 
formation  after  conjugation. 

15—2 
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The  genus  Bodo  comprises  several  species  parasitic  in  animals — e.g., 
B.  helicis  Leidy  in  the  generative  canals  of  species  of  Helix  ;  B.  iuli  Leidy, 
in  the  alimentary  canal  of  Julus  marginatus  ;  B.  lacertm  Grassi  1881,  in  the 
cloaca  of  Lacerta  viridis  undmuraria;  B.  gryllotalptz  Grassi  1879,  in  the  larva 
of  gryllotalpa.     In  man  onoi^TifTias  been  described. 

Bodo  urinarius  Hassall  1859. 

Synonyms. — Cystomonas  urinarius  Blanchard  1886,  Plagiomonas  urinaria 
Kiinstler  1895. 

Hassall  in  1859  saw  a  flagellate  organism  in  decomposing  urine,  and  called 
it  Bodo  urinarius.  Kiinstler,  in  1883,  again  reported  the  occurrence,  but  this 
time  in  urine  which  was  supposed  to  be  freshly  passed.  It  is  an  elongated 
flagellate,  with  a  long,  tapenng,  anterior  extremity,  and  a  broader  posterior 
extremity  with  a  depression,  from  which  two  flagella  project,  and  near  which 
the  nucleus  lies  in  the  cytoplasm.  It  measures  10  /i  in  length  by  4-5  /t  in 
breadth. 

Monas  Stein. 

Monas  pyophila  R.  Blanchard  1895. 

This  parasite  is  described  by  Grimm  as  being  present  in  the  pus  from  a 
pulmonary  and  a  hepatic  abscess  in  a.  Japanese  woman.  It  is  shaped  like  a 
large  spermatozoon,  and  consists  of  a  heart-shaped  body,  surrounded  by  a 
thick  cuticle,  which  is  divided  into  three  parts.  The  rounded  end  of  the  heart 
carries  a  long,  retractable  projection  covered  by  cuticle,  except  at  its  tip, 
where  a  flagellum  projects. 

Tribe  3.  Polymastigina  Blochmann. 

Monadidea,    possessing   more    than   two   similar    or    dissimilar 
flagella,  and  a  special  mouth  aperture  for  food. 
The  parasitic  members  of  this  suborder  are  classed  by  Doflein  into  : 

Family  I.  Tetramitidae  Biitschli.    Family  2.  Polymastigidae  Biitschli. 

Family  i.  Tetramitid^  Biitschli. 

Polymastigina  with  three  or  four  flagella  arising  together.  Genus  : 
Trichomonas.  Recently  we  have  come  across  two  new  flagellates 
in  the  stools  of  some  cases  of  agchylostomiasis  : 

Bodo  asiaticus  Castellani  and  Chalmers    19 10. 

This  flagellate  is  pear-shaped,  about  8  to  15  /i  in  length,  with  two  flagella 
originating  from  the  same  pole,  without  undulating  membrane,  and  with  a 
nucleus  fairly  rich  in  chromatin.  It  is  capable  of  amoeboid  movements, 
though  no  true  pseudopodia  are  emitted.  It  is  easily  cultivated  on  artificial 
media  in  symbiosis  with  bacteria.  This  flagellate  we  classify  provisionally 
under  the  genus  Bodo. 

Heteromita  zeylanioa  Castellani  and  Chalmers  1910. 
;  This  flagellate  is  elongated,  8  to  i  j  /*  in  length  by  3  to  4  m  in  breadth,  with 
single  flagellum  at  each  pole,  and  a  nucleus  fairly  rich  in  chromatin.  No 
undulating  membrane  or  pulsating  vacuole,  but  with  chromidia  in  the 
cytoplasm.  It  is  not  cultivable.  This  flagellate  we  classify  provisionally 
under  the  genus  Heteromita. 

Trichomonas  Donne  1837. 
Tetramitidae  with  pyriform  bodies,  the  non-flagellate  end  being 
pointed,  and  the  flagellate  rounded  and  carrying  three  to  four 
flagella,  which  may  be  fused  together.      There  is  an  undulating 
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membrane  which  runs  from  the  non-flagellate  extremity  backwards 
to  the  flagellate  end.  The  nucleus  lies  near  the  flagellated  end. 
Parasitic  in  vertebrates  and  invertebrates,  chiefly  in  the  intestine. 

Species — T.  vaginalis  Donn6  1837,  T.  hominis  Davaine  1854, 
r.  pulmonalis  Schmidt  1895. 

Trichomonas  vaginalis  Donne  1837. 

Synonym. — T.  irregularis  Salisbury  1868. 

This  parasite  lives  in  the  vagina  when  the  reaction  of  the  mucus  is 
acid.  It  is  found  in  Europe, and  we  have  observed  it  in  Ceylon  and  in 
equatorial  Africa.  It  has  also  been  reported  to  occur  in  the  urethra 
in  men,  after  cohabitation  with  women  infected  with  the  parasite. 

It  is  not  transferable  to  rabbits,  guinea-pigs,  or  dogs.  It  has  not 
been  cultivated,  nOr  is  it  understood  how  women  become  infected. 

T.  vaginalis  is  fusiform  or  pear-shaped  in  appearance,  length 
from  15  to  25  ju,  and  breadth  from  7  to  12  /t.  The  non-flagellate 
extremity  is  pointed  and  the  flagellate  extremity  rounded.  The 
parasite  is  generally  considered  to  be  harmless,  but  we  have,  how- 
ever, found  it  much  more  frequently  in  women  suffering  from 
vaginitis  than  in  normal  women. 

Trichomonas  hominis  Davaine  1854. 

Synonyms. — Cercomonas  hominis  Davaine  1854,  C.  intestinalis 
Lambl  1875,  T.  intestinalis  Leuckart  1879,  Monocercomonas  hominis 
Grassi  1882  ;  Cimcenomonas  hominis  Grassi 
1883. 

The  utmost  confusion  has  existed  be- 
tween this  species  and  C.  hominis  and 
T.  vaginalis.  It  has  been  found  in  cases 
of  diarrhoea  in  Europe,  India,  and  Ceylon, 
but  in  small  numbers  may  be  found  also 
in  the  intestine  of  individuals  apparently 
healthy ;  it  has  also  been  reported  from  the 
mouth  cavity.  It  seems  to  prefer  to  live  in 
alkaline  mucus.  F^^-  53— Trichomonas 

T.  hominis  is  pear-shaped,  with  a  breadth        «°^™'^  Davaine. 
of  from  18  to  25  fj.,  with  three  flagella  at  its 

broadest  end,  and  an  undulating  membrane.  The  cytoplasm  contains 
a  rather  indistinct  nucleus,  and  one  or  several  non-pulsatmg  vacuoles. 

It  has  not  been  transmitted  to  animals,  nor  has  it  been  culti- 
vated. It  can  reproduce  by  longitudina,l  division,  but  forms  are 
to  be  seen  indicating  encystment  and  conjugation. 

Trichomonas  pulmonalis  Schmidt  1893. 

This  form  has  been  found  by  Schmidt  and  St.  Artault,  Leyden 
and  Jaffe,  in  the  sputum  and  lungs  of  persons  suffering  from  phthisis, 
gangrene,  and  putrid  bronchitis. 

Other  Species. —  r.  batrachorum  Perty  1852,  in  the  cloaca  ot 
Rana  temper  aria,  R.  esculenta,  Bufo  vulgaris,  and  Hyla  arborea,  m 
Germany  and  Italy ;  T.  suis  Gruby  and  Delafond,  in  the  alimentary 
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canal  of  pigs;  T.  limacis  Dujardin,  in  the  gut  of  Umax  agrestis  : 
T.  lacertcs  Blochmann,  in  the  cloaca  of  Lacerta  agilis,  T.  cavim 
Davaine,  in  the  large  bowel  of  guinea-pigs ;  but  this  last  may 
perhaps  be  separated  off  into  a  separate  genus  Trichomastix,  with 
one  long  flagellum  directed  across  the  body.  T.  perronciti  Castellani 
1907,  in  monkeys  suffering  from  diarrhoea,  is  very  similar  morpho- 
logically to  T.  hominis.  T.  columbarum  Prowazek  and  Aragao  1909, 
is  found  in  the  buccal  mucosa  of  pigeons. 

Family  2.  Polymastigid^  Biitschli. 

Polymastigina,  with  four  to  six  flagella  at  the  broader  and  two 
at  the  narrower  end. 
Genera. — i.  Polymastix  Biitschli,  with  two  or  three  membranes. 

2.  Hexamitus  Dujardin,  with  two  flagella  on  each  side  of  the 
rounded  end. 

3.  Lamhlia  Blanchard  1888. 

Polymastix  melolonthcB  Grassi  is  found  in  the  alimentary  canal  of  the  larva 
of  Melolontha  vulgaris,  and  species  of  Hexamitus  are  Hexamitus  muris  Grassi, 
in  the  intestine  of  species  of  Mus,  and  also  that  of  A  rvicola  arvalis  ;  H.  intes- 
tinalis  Grassi  is  found  in  Rana  esculenta  and  Bufo  vulgaris  ;  and  H.  vulgaris 
Dujardin  in  the  alimentary  canal  of  Ostrea  edulis  and  angulata,  according  to 
Cert^s. 

Lamblia  R.  Blanchard  1888. 
Polymastigidae,  with  pear-shaped  body,  the  broad  end  having  a 
hollow,  from  the  borders  of  which  three  pairs  of  flagella  take  origin. 
The  pointed  end  carries  the  fourth  pair  of  flagella. 

Lamblia  intestinalis  Lambl  1859. 

Synonyms.  —  Cercomonas  intestinalis  Lambl  1854,  Hexamitus 
duodenalis  Davaine  1875,  Dimorphus  muris  Grassi  1879,  Megas- 
toma  entericum  Grassi  1881,  Megastoma  intestinale  Blanchard 
1886,  Lamblia  intestinalis  Blanchard  1888. 

This  parasite  lives  in  the  intestine  of  different  species  of  the 
genus  Mus  (M.  musculus,  M.  rattus,  M.  norvegicus,  M.  silvestris) ; 
also  in  species  of  Arvicola  (A.  arvensis  and 
A .  amphibius) ;  also  in  the  rabbit,  the  cat, 
the  dog,  the  sheep,  and  man. 

It  was  first  observed  by  Lambl  in  the 
mucous  intestinal  evacuations  of  children  in 
Russia,  then  by  Grassi  in  Italy,  in  Germany 
by  Moritz,  in  Austria  by  Jaksch,  in  Egypt 
by  Kruse,  and  we  have  observed  it  several 
times  in  Ceylon. 

It  occurs  in  the  large  bowel  of  man,  and 
it  and  its  cysts  can  be  found  in  the  faeces. 
The  infection  of  man  is  brought  about  by 
^T^ESTrnTusTAML™"    swallowing  the  encysted  forms.     This  has 
been  proved  experimentally  by  Grassi,  and 
as  it  occurs  in  mice,  it  is  quite  easy  to  see  how  infection  of  food- 
stuffs is  possible. 
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L.  intestinalis  is  an  actively  motile  organism  about  12  to  21  /*  in 
length,  and  about  5  to  12  /^  in  breadth.  It  is  pear-shaped,  being 
surrounded  by  a  thin  periplast  (ectoplasm)  which  keeps  its  form. 
The  under  surface  (when  attached)  is  excavated  with  a  well-defined 
border,  which  is  interrupted  at  the  site  of  the  cytostome.  This 
hollow  is  probably  a  kind  of  peristome,  and  is  useful  in  fixing  the 
parasite  to  the  intestinal  epithelium.  The  cytoplasm  contains  a 
diimb-bell-shaped  refractile  nucleus,  which  is  said  to  be  connected 
with  the  fiagella. 

The  parasite  can  become  encysted  into  oval  cysts  10  /t  in  length 
by  7  /*  in  breadth,  surrounded  by  a  hyaline  cyst-wall. 

Recently  Noc  has  investigated  Lamblia  intestinalis,  and  has  con- 
cluded that  the  recognition  of  different  species  is  not  justifiable 
He  draws  attention  to  the  presence  of  three  nuclei,  and  finds  thai 
reproduction  takes  place  by  longitudinal  division  and  by  encyst 
ment  with  multiple  nuclear  division  and  the  formation  of  numeroui 
small  forms,  which  escape  after  the  cyst-wall  has  disappeared,  anc 
then  grow  into  the  fully  developed  parasite.  He  considers  tha 
rats  and  mice  are  to  be  regarded  with  suspicion  with  regard  to  th( 
spread  of  the  parasite  which,  escaping  with  their  fseces,  may  infec 
food  and  water. 
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CHAPTER  XII 

BIOLOGICAL  CAUSES  OF  DISEASE 
{continued)— VROTOZO  A 

Binucleata — Hasmoproteidae — Leucocytozoidse — Trypanosomidee  —  Herpeto- 
monidae — Plasmodidae — Spirochastacea — References. 

TRIBE  4.  BINUCLEATA  HARTMANN  1907. 

Synonyms. — Hcemoprotozoa  Sambon  1906  ;  Hcsmocytozoa  Dani- 
lewsky  1885,  pro  parte  ;  Hcemosporidia  Mingazzini  1890,  pro  parte  ; 
HcBmoflagellata  Woodcock,  pro  parte. 

Definition.  —  Parasitic  Mastigophora,  generally  inhabiting  the 
blood  plasma  or  blood  cells  of  vertebrates,  but  may  be  found  in 
other  organs  and  tissues  during  a  '  vegetative  cycle,'  characterized 
by  non-sexual  multiplication  (schizogony)  ;  and  in  the  body  of  blood- 
sucking invertebrates  during  a  '  sexual  cycle,'  characterized  by 
sexual  multiplication  after  conjugation  of  similar  or  dissimilar 
gametes  (sporogony). 

The  separation  of  the  Hsemosporidia  from  the  Telosporidia,  and  the 
grouping  of  them  with  the  Haemoflagellata  and  their  allies  into  one 
order,  appears  to  us  to  be  most  excellent,  and  we  therefore  follow 
Hartmann  and  Sambon  in  this  matter.  Further,  Sambon  has 
subdivided  the  forms  so  grouped  together,  according  to  differences 
in  the  ookinete  and  sporogony,  which  also  we  propose  to  follow, 
as  it  appears  to  us  to  arrange  them  in  some  attempt  at  a  natural 
classification.  We  are  fully  aware  that  all  classifications  are  arti- 
ficial, and  dependent  entirely  upon  the  state  of  knowledge  at  the 
moment,  but  in  endeavours  to  systematize  knowledge,  some  scheme 
must  be  adopted,  even  if  it  is  only  temporary. 

It  is  Schaudinn's  work  which  has  brought  about  this  classification 
of  the  Haemoflagellata  with  the  Haemosporidia.  Much  has  been 
written  against  Schaudinn's  views,  and  there  remains  the  fact  that 
no  one  else  has  traced  out  fully  the  life-history  of  a  trypanosome  : 
and  although  certain  observations  appear  to  go  against  Schaudinn, 
many  others  corroborate,  strengthen,  and  extend  his  views. 

233 


234  BIOLOGICAL  CAUSES  OF  DISEASE— PROTOZOA 

Thus,  Woodcock  shows  that  a  halteridium  parasite  in  the  chaf- 
finch [Fringilla  coslebs)  becomes  in  certain  phases  a  little  trypano- 
some. 

This  is  the  first  conclusive  evidence  in  support  of  Schaudinn,  and 
in  the  face  of  this  confirmation  it  would  be  rash  to  doubt  the  rest  of 
that  distinguished  scientist's  work. 

Hartmann  and  Raven's  researches  on  Proteosoma  support  the 
union  of  the  two  families,  for  they  find — 

1.  In  the  Merozoites,  rare  flagellate  forms,  pear-shaped  in  appear- 
ance, with  a  small  granule,  which  they  interpret  as  a  kinetonucleus 
at  one  extremity. 

2.  In  the  Macrogametocytes  and  Microgametocytes,  some  chromatic 
spheres,  which  they  interpret  as  non-functional  kinetonuclei,  and 
say  that  sometimes  a  filament  unites  this  sphere  to  the  karyosome 
of  the  principal  nucleus. 

3.  In  the  Microgametes,  the  structure  of  a  trypanosome,  with  a 
kinetonucleus  at  one  extremity,  and  a  chromatic  filament  bordering 
an  undulating  membrane,  which,  however,  is  only  recognizable  in 
the  fresh  condition. 

Sambon  divides  the  tribe  Binucleata  into  two  subtribes — 
Acystina  and  Encystina,  according  to  whether  the  ookinete  does  or 
does  not  encyst. 

The  classification  is  as  follows  : 

SuBTRiBE  I.  Acystina. 

Binucleata  in  which  the  ookinete  remains  free  and  does  not  become 
encysted : 

Family  i.  Haemoproteidse. 
Family  2.  Leucocytozoidse. 

SuBTRiBE  2.  Encystina. 

Binucleata  in  which  the  ookinete  becomes  encysted : 

Family  3.  Trypanosomidae. 
Family  4.  Herpetomonidae. 
Family  5.  Plasmodidas. 

With  regard  to  the  Trypanosomidae  and  Herpetomonidas,  it  is 
obvious  that  if  Minchin  is  correct  with  regard  to  the  encystment 
of  Trypanosoma  grayi,  and  Prowazek  with  regard  to  that  of  Her- 
petomonas  musce-domesticce,  these  families  belong  to  the  Encystina, 
and  not  to  the  Acystina.     The  Plasmodidse  are  clearly  Encystina. 

The  Spirochsetes  are  undoubtedly  closely  allied  to  the  Binucleata, 
especially  to  the  Leucocytozoidae,  and  hence,  perhaps,  should  be 
provisonally  placed  as  an  appendix  to  this  tri  le. 

Family   i.  H^emoproteid^  Sambon   1906. 
Acystina,  in  which  the  schizonts  and  gametocytes  are  alternately  free  and 
active  or  endocellular  and  resting,  the  former  having  a  trypaniform  and  the 
latter  a  halteridial  appearance.      The  ookinetes  which  are  free  give  rise  to 


H^MOPROTEUS  ^js 

This  family  contains  one  genus  and  several  species. 
benus. — Hamoproteus  Kruse  1890. 

.ol^"l^if™!;~^''"*''''^i"™  ^^^^^  '^94-  Lavemnia  Laveran  1899,  Trypano- 
soma Schaudmn  1904,  Trypanomorpha  L^ger  1906  ^ 

thrhlooJf  ofT'-'^^^®-^  parasites  were  first  described  by  Grassi  and  Feletti  in 
ff„7/.;^^  of  birds  in  1890  as  Laverania,  a  term  altered  by  Labbe  in  1894  to 
t^fv  wfrTc.  •'"'?r-v.^?.'9°4  came  Schaudinn's   paper   showing   that 

lorLJT  I^®'  "^  ^^f  hfe-history  of  trypanosomes,  which  has  been  sup- 
NTn^f,  m\t  f  2:°'"''  of  the  Sergents,  and  has  been  severely  criticized  bv 
Novy,  McNeal  Ross  and  Thiroux,  who  believe  that  Schaudinn  made  a  mis- 
take and  that  the  flagellates  and  intracorpuscular  parasites  are  quite  dis- 
tinct, in  1908  a  paper  by  Aragao  appeared  on  H.  columhie,  which  certainly 
aces  not  support  Schaudinn's  views  ;  but  in  1909  Woodcock's  researches, 
as  already  mentioned,  strongly  support  that  distinguished  protozoologist. 

Haemoproteus  noctuae  Celli  and  Sanfelice  1901. 

..^■Jl°'^tuceSoe^  through  the  cycle  of  schizogony  in  Glaucidium  noctuce  Retz 
trie  little  owl,  and  its  sporogony  in  Culex  pipiens  Linn^us.. 

When  this,gnat  sucks  the  blood  of  a  little  owl  infected  with  haemoproteus 
two  halteridial  forms  m  the  owl's  corpuscles  are  seen  to  undergo  development 
in  Its  stomach.  These  two  forms  are  the  microgametocytes  and  the  macro- 
gametocytes. 


Fig.  55. — H.s:moproteus  mansoni  Sameon,  showing  the 
Development  of  the  Gametocytes. 

(After  Sambon.) 

Microgametoeyte. — The  microgametocyte  appears  as  a  typical  halteridium 
parasite  enclosed  in  an  erythrocyte,  and  possessing  pale  clear  cytoplasm,  with 
coarse  hsemozoin  granules  and  a  large  single  nucleus,  which  is  composed  of 
eight  groups,  each  containing  trophic  and  kinetic  elements. 

Macrogametocyte. — The  macrogametocyte  is  a  typical  halteridium,  laden 
wdth  food  granules,  lying  in  a  pale,  disorganized  erythrocyte.  It  has  a  rather 
small  trophonucleus,  alongside  of  which  is  a  small  Mnetonucleus. 

In  the  Mosquito. — When  these  gametocytes  reach  the  alimentary  canal  of 
Culex  pipiens,  they  escape  from  tHe  erythrocytes,  and  appear  free  in  the  lumen 
of  that  canal,  and  proceed  first  to  reduction  and  then  to  zygosis,  with  the 
formation  of  a  zygote. 

The  whole  process  has  been  carefully  worked  out  by  Macallum  in  another 
species  of  halteridium,  and  is  confirmed  by  Schaudinn  in  the  present  species. 

Formation  of  the  Microgametoeyte. — The  microgametocyte  is  a  clear 
hyaline  body,  which,  on  escaping  from  the  red  blood-corpuscles,  throws  out 
active  fiagella,  which,  after  beating  about  a  little,  break  loose,  forming  the 
free  microgametes.  Schaudinn  studied  the  cytological  processes  underlying 
these  grosser  changes,  and  found  that  the  trophonuclei  were  reduced  to  four 
chromosomes,  while  the  eight  kinetonuclei  remain,  and,  separating  from  the 
parent  nucleus,  form  microgametes  in  the  way  presently  to  be  described  for 
the  development  of  a  male  ookinete  into  a  male  trypanosome. 

The  Mierogamete. — The  microgamete  is  very  thin,  and  tapering  at  the 
posterior  extremity,  where  it  ends  in  a  tail-like  prolongation  of  the  cytoplasm, 
containing  a  portion  of  the  trophonucleus.  The  anterior  end  is  acutely 
conical. 
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The  trophonucleus  is  elongated  into  a  long  thread,  extending  from  th 
anterior  to  the  posterior  end  of  the  body,  and  carrying  four  chromosomes  ii 
the  form  of  dots  at  regular  intervals.  . 

The  kinetonucleus  is  situate  in  the  posterio 
third  of  the  cytoplasm,  and  consists  of  a  rathe 
elongated  mass,  with  eight  chromosomes  and  oa 
intranuclear  centrosome. 

In  addition  to  this  centrosome  there  are  tw( 
others  :  an  anterior,  situate  just  at  the  base  of  thi 
anterior  conical  projection,  and  a  posterior,  situat 
just  anterior  to  the  tail,  being  connected  with  th 
trophonucleus  by  a  chromatin  bar.  The  undulatin] 
membrane  runs  from  the  anterior  to  the  posterio 
centrosome,  and  is  strengthened  by  eight  myc 
nemes. 

Formation   of  the   Maerogamete.— The  macro 

gametocyte  becomes  rounded,  and  ruptures  th 

remains  of  the  erythrocyte,  and  is  set  free.     Th 

centrosome  of  the  trophonucleus  disappears,  an( 

^  ,      -u-  .-^  ,^   the  chromatin  forms  a  spiral  thread,  which  separ 

Fig.    56.— H^moproteos   ^^^^  ,     longitudinal  and  transverse  divisions  int> 

NOCTU^     Celli     and   ^^^^  tetrads.      The  kinetonucleus   first   forms   i 

Sanfelice.  spindle,  and  then  divides,  causing  the  first  reduc 

(After  Schaudinn.)  tion,  which  results  in  four  dyads,  and  then  a  secom 

On  the  left  is  the  micro-    division  follows,   leaving   four   monads   or  singl 

gamete,  and  on  the  right  a   chromosomes.     The  kinetonucleus  now  returns  t 

scheme   showing   the    ar-   its  old  position  outside  and  close  to  the  trophc 

nucleus,  and  the  maerogamete  is  fully  developed. 

Schaudinn  was  not  able  to  trace  out  the  reduc 

tion  of  the  kinetonucleus,  but  it  ultimately  consist 

of  four   chromosomes  and  a  centrosome,  whict 

Woodcock  points  out,  are  not  wholly  sexual. 

Zygosis. — This  consists  in  the  penetration  of  a  microgamete  into  a  receptiv 

cone,  which  has  arisen  from  the  cytoplasm  of  the  maerogamete  on  the  sid 

where  the  nuclei  are  situated. 

The  only  parts  which  enter  are  the  male  trophonucleus,  which  is  reducec 
and  the  male  kinetonucleus,  which  is  not  reduced,  but  which  now  undergoe 
two  divisions.     The  trophonuclei  of  the  male  and  female  elements  fuse,  an 


rangement  of  the  nuclei 
centrosomes,  undulating 
membrane,  and  myo- 
nemes. 


Fig.  57.  —  H^moproteus 
NOCTU^  Celli  and  San- 
felice :  The  Ookinete. 

(After  Schaudinn.) 


Fig.  58. — H.SMOPROTEUS  NOCTU^s  Celli 
and  Sanfelice  :  Maturation  of  the 
Ookinete. 

(After  Schaudinn.) 


form  the  fusion  spindle,   at  either  end  of  which  the  kinetonuclei  take  u 
positions,  and  thus  the  zygote  is  formed. 

Ookinete. — While  zygosis  is  proceeding,  and  even  before  the  comple 
formation  of  the  synkaryon,  the  zygote  becomes  vermiform  and  motile,  ar 
is  therefore  called  an  ookinete.  It  consists  of  an  anterior,  hyaline,  chang 
able  end,  which  is  followed  by  a  region  of  cytoplasm  with  vacuoles,  then  by 
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denser  region  with  the  nucleax  spindle  just  described,  and  finally  a  rounded 
posterior  end,  full 'of  granules  and  hasmozoin.  From  this  posterior  end  a 
portion  of  cytoplasm  enclosing  granules  and  haemozoin,  etc.,  is  cut  off,  thus 
freeing  the  ookinete  of  waste  material.  The  spindle  of  the  synkaryon  now 
consolidates  to  form  eight  chromosomes,  which  will  constitute  the  tropho- 
nucleus,  while  the  two  kinetonuclei  at  either  end  of  the  spindle,  meeting 
together,  form  a  single  kinetonucleus,  which  takes  up  a  central  position  inside 
the  trophonucleus,  and  divides  into  eight  chromosomes,  with  a  centrosome  in 
its  centre.  The  nucleus  of  the  ookinete,  therefore,  consists  of  a  central 
centrosome,  with  eight  surrounding  chromosomes,  around  which  lie  another 
eight  chromosomes  bordering  the  periphery. 


Fig.   59. — HiEMOPROTEUS  noctu^  Celli  and  Sanfelice. 

(After  Schaudinn.) 

Formation  of  the  indifferent  ookinete  and  its  development  into  the 
indifferent  trypanosome. 

But  ookinetes  are  not  all  alike.     On  the  contrary,  Schaudinn  describes  three 

^i.^ indifferent  Ookinete.— Cytoplasm  clear,  and  staining  faintly  with  one  or 
two  large  vacuoles  anteriorly,  and  having  some  granular  material  and  hsemo- 
zoin  still  left. 


Fig.  60.— H^moproteus  noctu^  Celli  and  Sanfelice. 

(After  Schaudinn.) 

Formation  of  the  male  ookinete,  and  its  development  into  the  male 
trypanosome. 

2    Male   Ookineie.SmalleT  than  the  indifferent   or   female  forms    with 
cytoplasm  almost  hyaline,  and  much  clearer  than  that  of  the  indifferent  form. 
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and  rich  in  chrc 


Fig.  6i. — H/EMOproteus  noc- 
Tu^  Celli  and  Sanfelice  : 
Development  of  the  Fe- 
male Ookinete  and  the 
Female  Trypanosome. 

(After  Scliaudinn.) 


with  granular  material  completely  lacking,  nucleus  large, 

'^V'^Female  Ookinete.— CytopUsm  fairly  dense,  with  plenty  of  granules,  wit 
a  nucleus  smaller  than  in  the  indifferent  form.  ;r,Hlffprpn 

The  Indifferent  Ookinete. — Ihe  mdiHeren 
ookinete  starts  its  development  by  expellin 
for  a  second  time  a  quantity  of  haemozoir 
while  its  kinetouucleus  unites  with  the  trophc 
nucleus,  so  that  the  nucleus  now  possesse 
eight  compound  chromosomes. 

The  centrosome  becomes  dumb-bell-shaped 
and  forms  an  axial  spindle,  around  which  th 
chromosomes  are  arranged.  These  now  divide 
and  form  a  diaster  by  the  different  portion 
passing  to  either  end  of  the  spindle,  which  i 
heteropolar,  the  smaller  half  being  kinetic  ii 
function.  The  nucleus  now  divides  into  i 
larger  portion,  the  trophonucleus,  and  ! 
smaller,  the  kinetonucleus.  The  former  enter 
on  a  resting  stage,  while  the  latter  proceedi 
to  the  periphery,  and  forming  another  axia 
spindle  at  right  angles  to  the  length  of  thi 
parasite,  divides  into  two  portions  by  it 
centrosome  forming  the  axial  spindle  and  thi 
chromosomes  the  two  ends  of  a  diaster.  Oni 
of  these  daughter  kinetonuclei  lying  in  th 
ectoplasm  is  attached  to  the  other,  lying  ii 
the  endoplasm,  by  means  of  the  axial  spindle 
The  ectoplasmic  kinetonucleus  forms  another  spindle,  with  a  longitudinal  axis 
which  grows  backwards  along  a  fold  of  the  ectoplasm,  expanding  it  as  it  goes 
to  the  hinder  end  of  the  body.  In  this  way  an  undulating  membrane  i 
formed,  which,  therefore,  contains  eight  chromosomes — the  myonemes — oi 
each  side  of  the  folded  ectoplasm,  while  the  axial  spindle,  becoming  excentric 
forms  the  flagellum.  At  the  posterior  end  of  the  undulating  membran 
the  flagellum  joins  with  the  chromosomes,  and  grows  out  of  the  body  ti 
form  the  free  flagellum,  along  which  the  ectoplasm  is  drawn  for  a  shor 
distance. 

Of  the  two  centrosomes  of  this  spindle,  the  distal  one  disappears,  while  th 
proximal  one  forms  the  blepharoplast  at  the  root  of  the  flagellum. 

The  endoplasmic  daughter  kinetonucleus  becomes  the  kinetonucleus  c 
the  trypanosome,  and  thus  is  formed  the  indifferent  trypanosome,  which  noi 
multiplies  by  binary  divigjgj^  After  some  time  it  takes  on  a  gregariniforr 
phase,  and  becomes  attwtelid  to  an  epitheUal  cell  in  the  stomach  of  th 
mosquito  by  its  flagellum,  which  is  reduced  to  a  short  rod.  While  so  attache 
it  may  multiply  by  binary  division,  and  may  also  penetrate  in  between  th 
cells  of  the  stomach  and  encyst,  losing  its  flagellum. 

After  a  period  of  rest  the  trypanosome  can  become  active  again,  but  afte 
a  time  it  must  either  (i)  pass  into  the  blood  of  the  little  owl  ;  (2)  become 
male  or  female  form  ;   (3)  die  out. 

The  Male  Ookinete. — The  male  ookinete  forms  a  heteropolar  diaster,  bu 
with  a  subdivision  of  the  elements  into  male  and  female  instead  of  into  kineti 
and  trophic. 

The  larger  or  female  portion  disappears,  while  the  smaller  or  male  portio 
forms  eight  double  nuclei,  with  kinetic  and  trophic  elements,  which  are  dii 
tributed  thrbughout  the  cytoplasm. 

The  ookinete  now  becomes  rounded,  while  the  eight  double  nuclei  travi 
to  the  periphery,  which  grows  out  into  little  elevations,  each  with  a  doub 
nucleus.  Each  little  elevation  grows  into  a  Uttle  male  trypanosome  in  tl 
same  manner  as  in  the  indifferent  form,  and  breaks  off  from  the  '  rest  body 
(nucleus  de  reliquat)  of  the  parent  cell.  These  male  trypanosomes,  accordir 
to  Schaudinn,  simply  die  off. 
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Sambon'i,  Tern.- 


Fig.  62. — Diagram  showing  the  Life-Cycle  of  H^moproteus 
NOCTU«  Celli  and  Sanfelice. 

(After  Sambon  and  Terzi.) 
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The  Female  Ookinete. — In  this  form  the  same  changes  take  place  as  in  th 
male  ookinete,  but  it  is  the  small  male  nucleus  which  degenerates,  after  diyid 
ing  into  a  number  of  forms,  while  the  large  female  nucleus,  which  consist 
of  the  trophic  and  kinetic  elernents,  remains,  and  forms  a  trypanosome  m  th 
same  manner  as  in  the  indifierent  form. 

The  female  trypanosome  is  slow  moving,  and  does  not  divide,  but  cai 
become  gregariniform,  and  lie  quiescent  between  the  epithelial  cells  for  i 
time.  It  can  also  pass  into  the  ovaries  and  eggs,  and  lie  dormant  during  thi 
winter. 

The  female  ookinete,  however,  undergoes  parthenogenesis  by  losing  it 
flagellar  apparatus  and  developing  a  trophonucleus  with  a  kinetonucleus  ii 
contact  with  it.  The  kinetonucleus  now  divides,  and  undergoes  reduction 
while  the  trophonucleus  also  divides,  one  portion  being  lost.  The  reduce( 
kinetonucleus,  which  has  divided  into  two,  now  enters  the  trophonucleu 
from  opposite  sides,  and  fusing,  forms  the  synkaryon  of  an  ookinete,  whicJ 
may  become  an  indifferent,  a  male,  or  a  female  trypanosome. 


Fig.  63. — H.SMOPROTEUS  NOCTUM  Celli  and  Sanfelice. 

(After  Schaudinn.) 

On  the  left  a  small  trypanosome  is  seen  entering  a  red  corpuscle  in  the  blooc 
of  the  little  owl,  and  in  the  corpuscle  is  seen  the  first  eudoceUular  stage.  Th( 
second  corpuscle  shows  a  more  advanced  endocellular  stage  and  the  act  o 
liberation  into  the  liquor  sanguinis.  Farther  to  the  right  is  seen  a  medium 
sized  trjrpanosome.  The  third  corpuscle  shows  the  fully-grown  halteridia 
form,  while  on  the  extreme  right  a  fully-grown  trypanosome  is  depicted. 


In  the  Owl. — The  male,  female,  and  indifferent  trypanosomes  may  b 
injected  into  the  owl  during  the  process  of  biting  by  the  mosquito,  but  th 
majority  are  of  the  indifferent  type.  The  male  trypanosomes,  if  they  entei 
die  off.  The  indifferent  trypanosomes  divide  in  the  blood  until  a  small  siz 
is  reached,  when  they,  enter  the  erythrocytes,  and  become  a  young  halter 
idium  by  the  flagellar  apparatus  disappearing  and  the  kinetonucleus  approach 
ing  the  trophonucleus. 

In  twenty-four  hours  this  parasite,  which  now  contains  haemozoin,  become 
active,  and,  re-forming  its  flagellar  apparatus,  leaves  the  blood  cell  usually  a 
night  as  a  typical  Trypanosoma  nociuee.  After  a  short  period  of  activity  i 
enters  another  erythrocyte,  and  grows  till  the  next  night,  when  it  agai 
becomes  free.  This  process  takes  place  six  times  before  the  trypanosom 
attains  its  full  size,  when  it  undergoes  repeated  division  until  again  smal 
thus  completing  the  cycle  of  schizogony.  The  small  extracellular  forms  ma 
be  looked  upon  as  the  merozoites,  and  the  intracellular  forms  as  trophozoite: 
and  the  large  extracellular  form  as  schizont.  The  sexual  forms  are  develope 
from  the  merozoites — i.e.,  the  very  young  indifferent  trypanosomes — whic 
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Fig.  64. — The  Life-Cycle  of  H^moproteus  columb^  Celli  and 

Sanfelice. 

(According  to  the  researches  of  Aragao.     After  Aragao,  from  Archiv 

f.  Protistenkunde.) 

Novy  and  many  others  are  convinced  that  Schaudinn  is  entirely  wrong, 
and  that  he  was  dealing  with  a  double  infection  of  a  halteridium  and  a  trypano- 
some,  both  of  which  probably  develop  in  entirely  different  ways. 

Recently,  as  already  stated.  Woodcock  has  strongly  supported  Schaudinn' s 
account,  which  very  probably  will  be  found  to  be  correct. 

Haemoproteus  columbse  Celli  and  Sanfelice  1891. 
Hcemoproteus  columba  is  the  halteridium  of  Columba  livia  L.     Its  life- 
history  is  not  exactly  known  at  present,  but  has  been  studied  by  Ed.  and  Et. 
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Sergent  and  by  Aragao.  According  to  the  latter  observer,  it  would  seem  t( 
have  the  usual  two  life-cycles  of  schizogony  and  sporogony  joined  ^f^°°^^ 
taking  place  in  Columba  Kvia  and  in  Lynchia  maura  or  L.  brunea  [hvidicolon  UUv 

Starting  with  the  macro-  and  microgametocytes,  which  are  ot  tne  sam( 
appearance  as  in  H.  noctucs,  and  which  enter  the  gut  of  the  LyncMa  alonf 
mth  the  blood  sucked  from  the  pigeon,  the  usual  processes  of  reduction 
with  the  formation  of  microgametes  and  macrogametes  and  ookinetes,  anc 
the  clearance  of  waste  matter  from  these  latter,  are  gone  through.  1  he  turthei 
changes  undergone  by  the  ookinete  are  at  present  unknown. 

After  the  Lynchia  bites  a  pigeon,  a  small  binuclear  parasite  is  to  be  found  ii 
a  leucocyte,  first  at  the  site  of  the  bite  and  later  in  the  lungs,  where  th( 
further  development  takes  place.  First  the  small  parasite  divides  into  t 
number  of  mononuclear  forms,  which,  along  with  the  leucocyte,  grov 
enormously,  and  form  large  parasites,  at  first  full  of  nuclei,  and  later  a 
mono-nucleated  merozoites,  the  whole  process  taking  some  twenty-six  or  morf 
days.  The  minute  merozoites  now  enter  the  red  corpuscles  and  grow  mt( 
typical  Halteridia.  It  appears  that  there  are  no  trypanosome  stages,  and 
indeed,  the  only  form  of  that  nature  met  with  was  Trypanosoma  avium  Novj 
3  Tifi  IVIcT'Tcs,! 

This  is  quite  a  different  history  from  that  of  Schaudinn  for  H.  noctuts 


Fig.  65. — H^MOPROTEus  columba  Celli  and  Sanfelice. 
(After  Sambon.) 

but  it  must  be  observed  that  it  is  incomplete,  and,  therefore,  deduction 
cannot  safely  be  drawn  from  it. 

Other  Speeies. — A  large  number  of  species  are  described  by  Celli  an( 
Sanfelice,  Novy  and  McNeal  and  others,  which  have  been  found  in  birds  a 
well  as  in  some  reptiles. 

Sambon  has  recently  described,  under  the  name  of  H csmoproteus  manson 
(Fig.  55),  a  new  species  found  in  the  red  grouse  {LagoptiS  scoticus),  th 
gametocytes  of  which  are  not  closely  adherent  to  the  nucleus  of  the  erythrocyte 
as  is  usually  the  case,  and  sporogony  takes  place  in  a  parasitic  fly  of  th 
grouse  (Ornithomyia  lagopodis) ,  in  the  stomach  of  which  ookinetes  were  found 

Family  2.  Leucocytozoid^. 

,  Synonym — SpiroschaudinnidcB  Sambon  1907,  pro  parte. — Acystina  in  whic 
the  schizonts  and  gametocytes  are  alternately  free  and  active,  or  endocellula 
and  passive,  the  former  being  trypaniform  and  the  latter  amoeboidal  i 
appearance.  The  ookinete  remains  free,  but  increases  in  length,  and  afte 
coiling  itself  into  a  mass,  gives  rise  to  indifferent  and  sexual  sporozoites. 

There  is  only  one  genus  known — Leucocytozoon  Danilewskyi  1889 — but 
number   of  species  have  been   described,   of  which  the   life-history  is   bii 
imperfectly  known,   except  in  the   case   of   L.    ziemanni,   which   has   bee 
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Leucocytozodn  Danilewskyi  1889. 

.fJ^Vt^''°^7^°f°fJ^^''^  H^^  described  by  Danilewsky  between  1884  and 
1 886  m  the  blood  of  the  wood-owl  {Syrnium  aluoo)  and  other  Strigidas 
in   .    ^ffi?."?®'^,*'^^"'  ^'  spherical  or  oval,  slightly  granular  bodies  contained 
l^^.„=+  ^  transparent   homogeneous   capsule,   which  possessed   a   large 

t^t^t^  ?i-^''''  '^O'^P^essed  m  the  middle,  and  broadened  at  the  el- 
frenuties.  This  capsule  he  believed  to  be  a  degenerated  leucocyte,  but  later 
Sf^+fi!  .',*-*°  ^^  ^"  erythrocyte.  He  also  described  macrogametes  and 
rtiotiJe  ookinetes,  and  later  he  described  the  microgametocytes.  In  189^ 
bakharoflE  confirmed  these  observations  and  described  new  species  in 
ravens,  rooks,  and  magpies.  In  1895  Theobald  Smith  discovered  .1 
leucocytozoon  in  Meleagris  gallopavo  domestica  (the  turkey)  ;  and  in  1898 
^lemann  described  another  specimen  in  Glaucidium  noctuce  (the  Httle  owl) 
irom  l.rema,in  Italy.  In  1902  and  1903  Laveran  described  forms  in 
Dirds  with  mixed  infections,  and  stated  that  he  considered  that  they  were 
contained  in  red  blood  cells.     In  1904  Berestneff  described  several  forms  in 


Fig.  66. — Leucocytozoon  danilewskyi  Ziemann. 
(After  Schaudinu.) 

From  the  left  to  the  right,  a  macrogametocyte  free,  same  attached  to  a 
blood  cell,  same  enclosed  in  a  blood  cell  ;  a  free  microgametocyte,  same 
enclosed  in  a  blood  cell. 


owls,  ravens,  and  magpies,  but  noted  that  they  were  in  leucocjrtes  ;  and  in 
the  same  year  came  Schaudinn's  paper  on  the  development  of  Leucocytozoon 
ziemanni,  which  is  given  in  detail  later  on.  The  Sergents,  in  studying  the 
parasite  in  the  little  owl  in  Algeria,  supported  Schaudinn.  In  1905  Laveran 
and  Lucet  studied  Theobald  Smith's  parasite,  and  concluded  that  it  was 
enclosed  in  a  leucocyte.  In  1906  Neave  described  a  parasite  in  Numidia 
ptilorhynca  ;  and  in  1907  Sambon  and.  Seligmann  described  one  in  Lagopus 
scoticus  (the  red  grouse)  ;  and  Dutton,  Todd  and  Tobey  another  in  Asturinula 
monogrammica  (the  Congo  grey  hawk)  ;  and  lastly  Sambon  has  quite  recently 
reviewed  the  whole  genus  in  a  singularly  able  manner,  and  has  described 
species  from  the  capercailzie  {Tetrao  urogallus)  and  the  pheasant  (Phasianus 
colchicus) . 

Leucocytozoon  danilewskyi  Ziemann  1898. 
Svnonvms. — HtBmamceha    ziemanni   Laveran    IQ02.    S-birochsta     ziemanni 
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Hemanni  Liihe  1906.  L.  danilewskyi  is  found  as  a  parasite  in  the  haematoblai 
(or,  according  to  other,  authors,  the  leucocytes)  of  the  little  owl,  Glaucidtm 
noctuts  (Athene  noctuee  Retz)  and  the  wood-owl,  Syrnicum  aluco  L. 

The  history  of  the  Ufe-cycle,  according  to  Schaudinn,  may  be  begun  wit 
the  biting  of  the  owl  by  Culex  pipiens  L.,  and  the  sucking  of  blood  containin 
micro-  and  macrogametocytes. 


Fig.  67. — Intracellular  Form  of  Leucocytozoon  lovati. 
(After  Sambon.) 

Mierogametocyte. — The  microgametocyte  may  attain  dimensions^  muc 
larger  than  a  leucocyte,  and  exists  in  the  blood  of  the  owl  in  two  conditions 
(i)  a  free  active  stage  in  the  liquor  sanguinis  ;  (2)  endocellular  resting  stag 
in  a  blood  cell  ;  and  later,  when  the  parasite  has  become  too  large  to  peuetrat 
a  host  cell,  free  in  the  blood  stream.  In  this  condition  the  parasite  mi; 
engulf  the  cells  which  formerly  served  it  for  food  and  shelter. 


Fig. 


68. — The  Intracellular  Microgametocyte  of  Leucocytozoon 
lovati. 


(After  Seligmann  and  Sambon.) 


(i)  Free  Active  Stage. — This  is  the  trjrpanosome  stage  (T.  ziemanni).  Th< 
anterior  end  is  sharp-pointed,  with  a  kinetonucleus  just  at  its  base,  fron 
which  the  flagellum  arises,  passing  posteriorly  along  the  bodj-  and  projectin] 
some  distance  from  the  posterior  end.  There  is  a  well-defined  undulatin] 
membrane,  with  sixteen  myonemes  arranged  in  four  double  rows  or  pairs  01 
each  side.  The  trophonucleus  is  well  developed,  and  situate  near  the  centn 
of  the  trypanosome. 


Fig.   69. — Intracellular  Macrogametocyte  of  Leucocytozoon  lovati 
(After  Seligmann  and  Sambon.) 

(2)  Endocellular  Resting  Stage. — In  the  intracellular  stage  the  parasite  i; 
quite  spindle-shaped,  the  ends  being  composed  of  ectoplasm,  while  thi 
endoDlasm   forms    a   dark   oval    central    TnaR«    rnnfainina   +h*a   +rnr»>ir»rm/>l(inQ 
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close  to  which  the  kinetonucleus  is  situated.  The  flagellum  has  disappeared, 
but  the  myonemes  of  the  ectoplasm  can  still  be  seen. 

Maorogametocyte. — This  has  also  two  stages — (i)  free,  (2)  endocellular. 

(i)  Free  Active  Stage. — The  free  stage  differs  from  the  microgametocyte  in 
being  larger,  in  having  no  free  projection  of  the  flagellum,  and  in  having 
smaller  tropho-  and  kinetonuclei,  and  in  the  myonemes  not  being  arranged 
in  pairs. 

(2)  Resting  Stage. — ^This  differs  from  the  microgametocyte  in  being  large, 
with  smaller  nuclei. 

These  gametocytes,  called  '  leucocytozoon  '  by  Danilewsky  and  '  haem- 
amoeba '  by  Laveran,  being  found  in  the  peripheral  blood  of  the  owl,  are  sucked 
into  the  stomach  of  Culex  pipiens,  and  then  proceed  to  conjugation. 


Fig.  70. — Leucocytozoon  danilewskyi 

ZlEMANN  :   MiCROGAMETE. 

(After  Schaudinn.) 


Fig.  71. — Leucocytozoon 
danilewskyi  zlemann  : 
Macrogamete. 

(After  Schaudinn.) 


Microgamete. — The  microgametocyte  escapes  from  the  capsule-like  peri- 
plast, and  its  nucleus  breaks  up  into  eight  double  chromosomes,  which  are 
reduced  to  eight  single  chromosomes.  These  travel  to  the  periphery,  and 
form  microgametes  in  the  manner  described  for  Hesmoproteus  noctuce,  micro- 
gametes  of  which  they  are  said  to  resemble.  „        j 

Macrogamete. — The  maorogametocyte  escapes  from  its  enclosing  ceil,  and 
the  process  of  development  of  the  macrogamete  is  the  same  as  in  Hismo- 
proteus. 

Fertilization. — This  is  the  same  as  in  Hcemoproteus. 


Fig    72  -Leucocytozoon  danilewskyi  Ziemann  :  The  Development  of 
THE  Ookinete  AND  the  Formation  of  Small  Trypaniform  Bodies. 

(After  Schaudinn.) 
Ookinete.-There  are  the  same  three  kinds  of  ookinetes  as  in  H<Bmoproteus- 

nuclei,  and  at  the  same  time  <:°;l'°g  ".P"".  J^^,^  ,^°.ittaibuted 

mmmmmM 

is  left. 
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These  trypanosomes,  especially  the  male,  are  very  minute,  and  repro- 
duce by  longitudinal  division,  during  which  they  do  not  separate  at  once, 
but  remain  attached  posteriorly.  Couples  attached  to  one  another  maj 
extend  into  the  same  straight  line,  thus  giving  rise  to  a  '  spirochaete-like  form 
and  while  in  this  position  may  undergo  longitudinal  division.'  The  spirochaetc 
forms  may  become  pear-shaped  resting  forms. 

In  the  Owl. — On  entering  into  the  owl,  the  indifferent  forms  pass  througl 
alternate  endocellular  and  free  stages.  In  the  former  there  is  growth,  and 
in  the  latter  there  is  division  into  smaller  forms.  After  some  time  micro- 
and  macrogametocytes  are  formed  in  increasing  numbers. 

This  life-history  has  been  doubted,  but  Sambon  has  seen  forms  in  whicli 
a  coiled  trypanosome  body  can  be  detected  in  the  blood  cells. 

The  Enclosing  Cell. — There  has  been  great  doubt  as  to  the  character  of  the 
body  enclosing  a  leucocytozoon. 

1.  Ziemann,  Schaudinn,  Dutton,  Todd  and  Tobey  believe  that  it  is  t 
portion  of  the  parasite  itself — i.e.,  the  periplast — and  that  it  may  enclose  £ 
red  blood  cell. 

2.  Danilewsky  considers  it  to  be  a  leucocyte,  but  derived  his  red  cells  fron 
leucocytes.  In  considering  it  to  be  a  leucocyte,  he  is  supported  by  Laveran 
Lucet,  Sakharoff,  and  Berestneff. 

3.  Laveran  in  his  earlier  observations  believes  it  to  be  a  red  cell,  and  this 
Sambon  supports. 

It  may  be  taken  to  be  a  much-enlarged  dehaemoglobinized  haematoblasi 
or  red  cell,  the  spindle  shape  of  which  may  be  explained  by  the  fusilorn 
shape  of  the  haematoblasts,  and  by  the  pseudopodia  of  the  young  parasitei 
protruding  into  the  long  ends  of  the  host  cell.  When  the  parasite  contracts 
these  ends  shrivel  up,  giving  rise  to  the  usual  appearance. 

The  Spirochaetes. — At  first  Schaudinn,  after  tracing  out  the  life-historj 
described  above,  thought  that  all  spirochaetes  would  be  found  to  be  allied  t( 
true  trypanosomes  ;  but  in  1905  he  stated  that  the  spirochaete-like  forms  whicl 
he  found  in  the  little  owl  were  far  removed  from  true  spirochaetes,  and  tha 
the  relationship  was  only  phylogenetic,  and  very  distant  at  that. 

Speeies. — The  species  so  far  described  are  :  Leucocytozoon  majoris  Laverai 
1902,  in  the  great  tit  [Parus  major)  ;  L.  sakharoffi,  Sambon  1908,  in  the  ravei 
{Corvus  corax)  ;  L.  berestnieffi  Sambon  1908,  in  the  magpie  {Pica  pica) 
L.  danilewskyi  Ziemann  1898,  in  the  little  owl  {Athene  noctuts)  ;  L.  todd 
Sambon  1907,  in  the  Congo  grey  hawk  {Asturinula  monogrammica)  ;  L.  man 
soni  Sambon  1908,  in  the  capercailzie  {Tetrao  urogallus)  ;  L.  lovati  Sambon  an( 
Seligmann,  in  the  red  grouse  {Lagopus  scoticus)  ;  L.  macleani  Sambon  1908 
in  the  common  pheasant  {Phasianus  colchicus)  ;  L.  smithi  Laveran  am 
Lucet  1905,  in  the  domestic  turkey  {Meleagris  gallopavo  domestica)  ;  L.  neav 
Balfour  1906,  in  the  Abyssinian  guinea-fowl  {Numidia  ptilorhynca). 

Family  3.  Trypanosomid.e  Sambon  1906. 

Definition. — Encystina,  with  a  well-developed  flagellum  and  un 
dulating  membrane  in  some  stage  of  the  life-history.  Th 
kinetonucleus  passes  forward,  and  in  the  fully  developed  flagellat 
stage  is  situate  anterior  to  the  trophonucleus.  Schizogony  take 
place  by  longitudinal  division,  but  sporogony  is  as  yet  not  properl 
known. 

A  brief  history  of  the  discovery  of  the  more  important  species  c 
the  genus  Trypanosoma  has  already  been  given  in  Chapter  I.,  an 
all  that  need  be  said  here  is  that  in  1901  Laveran  and  Mesnil  dc 
scribed  a  second  genus,  Trypanoplasma,  and  in  1904  Keysselitz 
third  genus,  Trypanophis. 

The  family  therefore  includes  four  genera :  (i)  Trypanosoma 
(2)  Trypanoplasma  ;  (3)  Trypanophis ;  (4)  Endotrypanum. 
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(i)  Trypanosoma  Gmby  1843. 

Synonyias.~AmcBba  Gluge  1842,  Paramcecium  Gluge  1842 
Unduhna  Lankester  1871,  Herpetomonas  Kent  1878,  HcBmatomoms 
Mitrophan  1883,  Trypanomonas  Danilewsky  1885,  TryPanozoon 
Lune  190D. 

Definition.— Trypanosomidas,  with  the  periplast  raised  into  a 
longitudinal  undulating  membrane,  along  which  the  single  flagellum 

Morphology.— The  usual  form  in  which  trypanosomes  are  found 
in  vertebrate  blood  is  that  of  an  elongated,  spindle-shaped  mass 
of  cytoplasm  composed  of  an  inner  granular  endoplasm,  and  sur- 
rounded by  ectoplasm  (periplast).     The  shape  of  the  parasite  is 


anterior  end 
vacuole 


undulating  membrane 


.  flagellum 


kinetonucleus 


trophonucleus  chromatoid  granules 


Fig.  73. — Diagram  showing  the  Structure  and  Polarity  of  a 
Trypanosome. 

I,   Trypanosoma ;    2,   Herpetomonas ;    3,   Crithidia. 


however,  by  no  means  always  a  spindle,  but,  on  the  contrary,  varies 
considerably  in  different  species,  and  may  even  be  rounded. 

In  the  endoplasm  is  situated  a  trophonucleus,  often  called  the 
'  nucleus,'  concerning  the  structure  of  which  there  is  considerable 
difference  of  opinion.  Some  authorities — e.g.,  Prowazek,  etc. — 
with  regard  to  the  nucleus  of  T.  lewisi  and  T.  brucei,  and  Miss 
Robertson,  with  regard  to  T.  raice,  say  that  the  nucleus  is  complex 
and  resembles  the  description  already  given  for  that  of  Hcemo- 
proteus  noctucB,  that  of  T.  lewisi  having  eight  chromosomes  and  a 
centrosome  connected  by  a  strand. 

Other  authorities,  like  Ross  and  Moore,  Breinl  and  Hindle,  con- 
sider that  observers  have  been  led  astray  by  using  dried  films  ;  for. 
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according  to  them,  though  pretty  pictures  of  the  parasite  are  pro 
duced  by  this  method,  still,  such  delicate  structures  as  the  detail: 
of  the  nucleus  are  ruined,  and  therefore,  in  order  to  study  thes( 
bodies  accurately,  the  films  must  be  fixed  while  wet  in  such  i 
reagent  as  Fleming's  fluid,  and  suitably  stained.  If  this  is  done 
properly,  according  to  them,  it  is  seen  that  the  nucleus  is  a  vesicl< 
bounded  by  a  nuclear  membrane,  and  having  in  its  centre  one  smal 
chromatin  sphere,  called  by  some  the  intranuclear  centrosome. 

Situated  somewhere  in  the  cytoplasm,  and  generally  near  om 
extremity,  is  another  mass  of  chromatin,  by  some  looked  upon  as  j 
kinetonucleus,  and  by  others  as  simply  an  extra  nuclear  centrosome 
because  they  find  no  character  of  a  nucleus,  except  the  tendency  t( 
divide,  in  this  body.  From  this  kinetonucleus  a  faint  strand  pro- 
ceeds, which  ends  in  a  little  bead— the  blepharoplast— from  whicf 
the  flagellum,  which  is  also  composed  of  chromatin,  arises.  The 
flagellum  runs  outwards  through  the  endoplasm  to  the  ectoplasm 
which  it  raises  into  a  membrane,  the  undulating  membrane,  and 
turns,  and,  running  along  the  remaining  length  of  the  cytoplasm 
projects  as  a  free  lash  beyond  the  parasite.  In  this  course  it  pre- 
sents three  portions  :  (i)  The  root  in  the  endoplasm ;  (2)  th( 
undulating  portion  in  the  ectoplasm  ;  and  (3)  the  free  portion.  Ir 
some  stages  of  the  life-history  the  flagellum,  instead  of  turning 
along  the  undulating  membrane,  projects  from  its  blepharoblasi 
through  the  endo-  and  ectoplasm  to  the  outside  of  the  parasite. 

The  undulating  membrane,  therefore,  is  the  layer  of  ectoplasn 
(periplast)  raised  from  the  surface  of  the  parasite  by  the  seconc 
portion  of  the  flagellum,  and  may  be  prolonged  a  certain  distance 
along  what  is  generally  considered  to  be  its  free  portion.  The 
membrane  is  variously  described  as  being  homogeneous  or  strength 
ened  by  myonemes  as  in  HcBmoproteus  noctuce. 

Besides  these  structures  the  endoplasm  often  contains  a  vacuole 
looked  upon  by  some  observers  as  a  contractile  vacuole,  while  other 
deny  its  existence.  There  is  no  doubt  about  its  existence  in  Try 
panosoma  gambiense.  Chromatoid  granules  can  also  be  seen  in  the 
cytoplasm. 

Before  leaving  this  part  of  the  subject  it  must  be  noted  tha 
many  authors  have  given  various  names  to  the  trophonucleus 
kinetonucleus,  centrosome,  and  blepharoplast.  We  use  the  term: 
in  the  same  sense  in  which  they  have  been  used  by  Minchin  ane 
Woodcock — ^viz.,  the  principal  nucleus  is  a  trophonucleus,  becausi 
it  is  believed  to  be  largely  concerned  in  nutrition ;  it  contains  ai 
achromatic  body,  which  is  the  centrosome.  The  smaller  nucleu: 
is  a  kinetonucleus,  because  it  is  mainly  concerned  in  motion  ;  whili 
the  little  bead  connected  with  the  flagellum  is  looked  upon  as  ; 
blepharoplast,  because  it  is  an  achromatic  body  connected  with  i 
cilium  or  a  flagellum. 

We  now  come  to  a  point  on  which  there  is  a  great  difference  0 
opinion — viz.,  the  polarity  of  the  parasite.  There  can  be  no  doubl 
in  our  opinion,  that,  as  a  rule,  the  anterior  end  of  a  parasite  should  b 
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the  non-flagellate  end,  as  first  suggested  by  Sambon  because  in 
wending  its  way  through  the  blood,  that  end  goes  fi'rst  and  the 
undulating  membrane  and  flagellum  follow,  and  blood  being  he 
coSrS  'f*^'>f^  *^'  P^'^"'".^  '■^'''  ™^*^°^  °^  propulsion  muVEe 
sSpporTthis  view^  "°™''-  ^''''''''^  ^orphologists  (Woodcock) 
Movement  is  largely  caused  by  the  undulating  membrane,  while 
the  flageUum  assists  ;  but  creeping  or  gregarinoid  movements  have 
been  noted  by  L^ger,  and  zigzag  movements  by  Gray  and  Tulloch, 
and  m  both  of  these  the  non-flagellate  ends  go  first.  In  this  work 
anterior  therefore  means  the  non-flagellate  end  of  the  trypanosome, 
and  posterior  the  flagellate  end. 

The  anterior  end  is  very  variable,  and  may  be  even  amoeboid, 

while  the  posterior  end  is  generally  tapering,  because  the  cytoplasm 

extends  some  way  along  the  flagellum. 

It  has  already  been  noted  that  the  body  of  the  parasite  is  slightly 

^   compressed  laterally,  and  the  edge  with  the  undulating  membrane 

is  considered  to  be  dorsal. 

The  measurements  of  the  parasite  are  from  the  non-flagellate 
extremity  to  the  kinetonucleus,  from  that  to  the  anterior  end  of 
the  trophonucleus,  from  that  to  the  posterior  end  of  the  tropho- 
nucleus,  from  that  to  the  tip  of  the  flagellum,  the  sum  of  these 
giving  the  length  ;  while  the  width  is  taken  in  the  region  of  the 
tro|)honucleus.  Food  is  absorbed  by  osmosis  from  the  liquid  in 
which  the  parasite  is  living. 

Schizogony. — ^The  utmost  confusion  exists  as  regards  the  know- 
ledge of  the  life-cycle  in  a  vertebrate,  and  to  Salvin  Moore  and 
Breinl,  with  Hindle,  credit  must  be  given  for  attempting  to  throw 
some  light  on  the  process. 

Every  observer  is  agreed  that  multiplication  can  take  place  by 
binary  fission  or  by  rosette  formation. 

Binary  Fission. — Starting  with  a  typical  medium-sized  parasite 
of  T.  lewisi,  which  is  non-pathogenic,  and  therefore  more  likely  to 
show  the  true  life-history  than  a  pathogenic  species,  Moore,  Breinl, 
and  Hindle  have  shown  that  a  binary  division  takes  place  with  or 
without  growth.  This  is  brought  about  by  amitotic  division  of 
the  kinetonucleus  and  trophonucleus,  followed  by  the  formation  of 
a  new  flagellum  in  the  daughter  parasite  and  the  division  of  the 
cytoplasm.  They  note  the  same  method  in  T.  gambiense.  This  is 
directly  opposed  to  the  observations  of  Prowazek  and  Byloff,  who 
described  complex  nuclear  divisions. 

Rosette  Formation. — ^The  medium-sized  parasite,  according  to 
Moore,  Breinl,  and  Hindle,  grows  into  large  forms,  which  pass 
through  the  following  development : 

1.  The  trophonucleus  undergoes  reduction  by  amitosis,  the 
reduction  body  disappearing. 

2.  The  kinetonucleus  gives  off  a  body,  which  travels — increasing 
in  size  as  it  proceeds — to  the  trophonucleus,  with  which  it  perhaps 
fuses,  but  this  is  not  definitely  known. 
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In  T.  gambiense  a  strand  forms  between  the  kineto-  and  tropho- 
nuclei,  instead  of  this  travelling  body,  which  is  seen  in  T.  lewisi 
and  T.  equiperdum. 

3.  The  tropho-  and  kinetonuclei  divide  to  form  fusion  masses  con- 
sisting of  two,  four,  seven,  or  more  small  parasites,  which  at  first 


Fig.  74. — Diagram  of  the  Life-Cycle  of  Trypanosoma  lewisi  in  the 
Body  of  the  Rat. 

I,  Trypanosoma  lewisi;   2-10,  stages  in  rosette  formation;    11-13,  develop- 
ment of  a  small  flagellate  form  into  a  trypanosome;  14,  binary  fission. 
(Constructed  from  drawings  by  Moore,  Breinl.  and  Hindle  in  the  Annals  of 
Tropical  Medicine  and  Parasitology.) 

possess  only  the  old  flagellum,  but  in  which  later  new  flagella  form 
(the  rosette  formation).  This  stage  is  not  definitely  known  in 
T.  gambiense. 

4.  The  small  parasites,  which  must  be  looked  upon  as  representing 
latent  phases,  separate  from  the  fusion  mass.  These  small  parasites 
grow  mto  medium-sized  parasites,  thus  completing  the  cycle. 
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All  observers  are  agreed  as  to  the  rosette  formation   and  with 

Xbv  Mss^RTerL'™™.*^^  kinetonucleus,  this  was  LtpoiS 
out  by  Miss  Robertson,  whose  work  is  therefore  confirmed  The 
band  s  said  to  be  composed  of  volutine.  As  to  the  latent  phases 
ZlfZ^  ^^^\  *^'y  ^'"  *^"  ^"™^  ^^  the  pecuHar  round  and  oval 
S  nf  .W  •  '""^  V  ^  y'^'l^S°  "^y  CasteUani,  in  the  cerebro-spina 
fluid  of  sleeping-sickness  patients,  and  which  he  compared  to  the 

S  nagai°a™'  ^  ^^^'^''  '"^  '^'  ^^^^"^  °^  aniiEals Infected 

^vSf"^"'^^'"]*  has  already  been  said  that  the  utmost  confusion 
W  hn+  llf^f\  '^'^^^"efo^y'  which  takes  place  in  the  vertebrate 
™  T^  ^}^  n  ^^P^l^dge  with  regard  to  sporogony  is  almost 
3.  Theoretically  it  would  be  expected  that  texual  forms, 
male  and  female,  would  be  found  in  the  blood  of  the  vertebrate,  and 
that  these,  taken  into  the  alimentary  canal  of  the  blood-sucker, 
would  conjugate  and  produce  ookinetes,  and  perhaps  oocysts,  from 
which  forms  would  be  produced  which  might  infect  the  proboscis 
of  the  same  individual,  or,  by  entering  into  the  eggs,  infect  a  new 
generation,  which  alone  might  be  the  means  of  dissemination  of 
the  parasite.  But  these  thepretical  views  have  so  far  not  been 
conhrmed  by  actual  observations,  which  must  now  be  discussed 
senatim. 

Sexual  Forms.— According  to  Prowazek,  T.  lewisi  can  be  differen- 
tiated into  three  forms— (i)  male,  (2)  female,  (3)  indifferent— and, 


Fig.  75. — Crithidia  mei.ophagia  Flu. 

(After   Flu.) 

I,  Microgaanete ;  2,  macrogamete ;  3,  zygosis  ;  4,  ookinete  and  degenerating 
„..,.,         microgamete  ;  5-8,  ookinete  in  the  alimentary  canal  and  ovary. 

according  to  Prowazek,  Liihe,  Nocht,  and  Mayer,  the  same  can  be 
seen  in  T.  gamhiense  ;  but  according  to  Holmes,  only  males,  females, 
and  young  females  can  be  seen  in  T.  evansi. 

Male  Forms. — ^These  are  defined  to  be  very  slender  trypanosomes, 
actively  motile,  with  an  elongated  nucleus,  which  stains  well. 

Female  Forms. — Broad,  sluggish  trypanosomes,  with  reticulated 
protoplasm  and  a  round  nucleus,  both  of  which  stain  poorly,  and 
they  possess  a  slender,  undulating  membrane  and  a  short  flagellum. 
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Indifferent  Forms.— These,  are  the  forms  most  commonlymet 
possessing  granular  cytoplasm  and  a  not  very  well  defined  nuc 

It  must  be  admitted  that  between  these  there  are  all  stag 
intermediary  forms,  so  that  they  are  not  sharply  defined.  Klen 
his  recent  study  of  T.  gambiense,  in  Glossina  palpalis  descnbes 
male  and  broad  female  forms  in  the  fore  and  hind  gut,  and 
forms  which  closely  approach  the  T.  gambiense  of  mamm 
blood  in  the  fore  gut  and  proventriculus.  He  is  inclined  to  be 
in  sexual  reproduction  during  the  resting  stage.  A  partial  dev 
ment  has  at  times  been  observed  by  Kleine  in  G.  morsitans,  bu 
insects  never  became  infective. 

Conjugation.— Conjugation  of  male  and  female  forms  has 
but  seldom  observed,  and,  indeed,  it  is  difficult  to  be  certain 
it  is  conjugation  which  has  been  seen,  and  not  division.  Howi 
it  has  been  described  by  Keysselitz  as  occurring  in  leeches  fe 
a  carp  infected  with  Trypanoplasma  borreli,  and  by  Prowazek  ir 
fed  on  rats  infected  with  T.  lewisi.  The  most  convincing  ace 
is  that  by  Flu  in  Crithidia  melophagia,  to  which  reference  wi 
made  under  the  heading  Crithidia. 

On  the  other  hand,  careful  observers  like  Miss  Robertson 
Captair  Patton  have  quite  recently  failed  to  see  this  process  iii  ■ 
studies  of  trypanosomes  and  herpetomonads.  The  conclusio 
that  although  conjugation,  according  to  our  ideas  of  a  life-c; 
must  take  place,  it  certainly  has  not  been  proved  to  be  presei 
trypanosomes  so  far,  though  it  may  at  any  time  be  estabH 
definitely. 

Ookinete. — Ookinetes,  which,  though  binucleate,  did  not  po; 
a  locomotive  apparatus,  have  been  observed  by  Leger  in  lee 
fed  upon  loach  infected  with  T.  barbatulce,  and  these  seer 
correspond  to  forms  seen  by  Miss  Robertson  and  Brumpt  as 
earliest  stage  of  the  development  of  T.  ra]cR  in  Pontobdella  muri 
and  are  by  no  means  unlike  the  enc5^ted  forms  described  by 
chin,  Prowazek,  and  Flu  in  T.  grayi,  H.  muscce-domesticcB, 
C.  melophagia  respectively. 

Further  Development. — According  to  Miss  Robertson,  the  1: 
cleate  forms  mentioned  above  develop  into  a  number  of  herj 
moniform  parasites  of  varying  shapes  and  sizes,  according  to 
activity  of  multiplication,  but  ultimately  the  whole  alimen 
canal  (including  the  proboscis)  becomes  occupied  by  herpeton 
form  or  trypaniform  parasites  (which  develop  from  the  herj 
moniform  parasites)  to  the  exclusion  of  other  forms.  When  1 
are  injected  into  the  vertebrate  host  they  multiply,  and  fii 
grow  into  adult  trypanosomes.  These  observations  of  Miss  Rol 
son  on  the  development  of  the  trypanosomes  in  leeches  fe( 
infected  fish  and  tortoises  are  very  suggestive,  and  are,  in  pai 
least,  supported  by  the  observations  of  Stuhlmann,  who  f( 
trypanosomes  developed  from  T.  brucei  in  the  proventriculn 
Glossina  fusca,  and  are  confirmed  by  the  discovery  of  slender  f( 
in  the  oesophagus  of  tsetse-flies  caught  wUd. 
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Fig.   76.  —  Trypanosoma 
■RKjR :    Round    Form, 
IN  THE  Leech. 
(After  Miss  Robertson.) 


Fig.  yj. — Trypanosoma 
RAj^  :  Round  Form, 
Older. Stage. 

(After  Miss  Robertson.) 


Fig.  78. — ^Trypanosoma 
RAj«  :  Young  Try- 
panosome  in  the 
Leech. 

(After  Miss  Robertson.) 


Fig.  80. — Trypano- 
soma HAtm:  Pos- 


FiG.  8 1. — Trypano- 
somarat^:  Slen- 


FiG.  82. — Trypanosoma  raj^  : 
Fully  developed  Trypano- 
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Minchin  has  described  a  different  method  of  developmen 
which  the  herpetomoniform  parasites  of  T.  grayi  in  Glossina  pal 
develop  into  the  binucleated  encysted  forms  mentioned  aboA 
possible  o5kinetes.     These  forms  he  considers  pass  out  in  the  f; 

A  third  method  of  development  is  described  by  Flu,  who,  th- 
he  is  unable  to  follow  the  stages  immediately  succeeding  the  ook 
of  C.  melophagia,  still  considers  that  forms  arise  which  irifed 
eggs  of  the  Melophagus  ovinus,  and  probably  spread  the  infei 
to  the  next  generation  of  these  insects. 

Asexual  Development  in  the  Invertebrate  Host. — Roubaud 
described  a  form  of  asexual  development  of  T.  gamhiense 
T.  brucei  in  the  proboscis  of  Glossina  palpalis  in  which 
undulating  membrane  disappears  ;  this  flagellum  is  shortened, 
the  kinetonucleus  approaches  the  trophonucleus,  while  the  pan 
becoming  attached  to  the  wall  of  the  proboscis,  multiplies,  for: 
masses  of  parasites,  the  whole  process  occupying  only  a  few  min 

Though  he  thinks  that  this  method  of  development  explain; 
infection  of  man  and  animals  by  tsetse-flies  in  Africa,  he 
unable  to  produce  infection  of  susceptible  animals  by  inocul; 
of  these  forms. 

Effects  upon  the  Host. — ^Trypanosomes  may  produce  patholo 
effects  on  their  host,  or  may  apparently  be  harmless. 

The  best  known  of  the  former  are  :  T.  gamhiense,  the  caui 
sleeping  sickness  ;  T.  cruzi  of  American  trypanosomiasis  ;  T.  ev, 
of  surra  in  horses,  etc.,  in  India  and  elsewhere;  T.  brucei,  of  na, 
in  cattle  and  horses,  etc. ;  T.  vivax,  of  disease  in  cattle,  sheep, 
goats,  in  the  Cameroons ;  T.  nanum,  of  cattle  sickness  in  the  Ai 
Egyptian  Sudan ;  T.  dimorphon,  of  the  Gambia  horse  sickr 
T.  cazalboui,  of  souma,  a  disease  of  cattle  in  the  French  Sudan, 
T.  pecaudi,  of  sheep  in  the  same  place  ;  T.  equinum,  of  rrn 
caderas  in  South  America ;  T.  equiperdum,  of  dourine  in  hors 
Europe  and  Africa. 

Symptoms. — ^The  pathogenic  effects  of  the  parasites  show  t] 
selves  in  the  production  of  fever,  skin  eruptions,  emaciation, 
or  general  oedema,  and  disease  of  the  nervous  system.     Secon 
bacterial  affections  are  also  common.     The  mortality  is  often  ] 

Morbid  Anatomy. — ^The  lesions  are  often  insignificant,  but  inl 
mation  and  enlargement  of  the  lymphatic  glands  is  character 
and  dropsy  and  inflammation  of  the  meninges  are  also  fc 
which  in  human  trypanosomiasis  takes  the  form  of  men: 
encephalitis,  as  will  be  described  later. 

Agglutinins.— While  in  the  body  of  the  host  agglutinins 
formed,  for  if  blood  containing  trypanosomes  is  treated  witl 
serum  of  an  animal  which  has  had  one  or  more  injections  of  1 
containing  the  same  parasite,  a  rapid  massing  of  the  parasites 
rosettes,  with  the  anterior  ends  pointing  inwards  and  the  fla 
outwards,  takes  place. 

This  is  called  agglomeration,  and  may  last  a  few  minutes 
parasites  being  unaffected,  or  may  persist  till  they  die. 
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Precipitins.-Mayer  has  shown  that  the  serum  of  a  dog  infected  bv 

l;.fZVJ"JT^^^"^  ^y  M^^'  '""^'^'^  °f  the  same  parasite,  but 
?ea  itins  ^^^^^^^^  thus  provmg  the  presence  of  specific 

Inoculations.— The  parasites  can  be  spread  from  one  animal  and 
from  one  species  to  another  by  inoculation  of  infected  blood 

Immunity.— Active  immunity,  due  to  the  action  of  the  leucocytes 
(Laveran  and  Mesml)  or  to  cytolysins  (McNeal),  can  be  produced 
m  certain  cases,  but  it  is  not  carried  from  mother  to  young 

Passive  immunity  was  produced  by  Rabinowitsch  and  Kempner 
for  T.  lewtst,  and  is  either  wholly  or  partially  successful  Natural 
immunity  is  well  known— e.g.,  man  against  T.  brucei 

Involution  Forms.— Degenerated,  vacuolated  involution  forms 
may  be  seen  as  a  result  of  immunity  coming  on,  or  of  treatment  bv 
drugs.  •' 

Cultivation.— McNeal  and  Novy  cultivated  T.  lewisi  in  the  water 
of  ^condensation  of  blood-agar  tubes  in  1903,  and  obtained  at 
37°  C,  and  also  at  the  room  temperature,  good  cultures,  in  which 
T.  lewisi  varied  in  size  from  minute  forms  i  to  2  ft  in  length  up  to 
50  to  60  ju,  and  colonies  of  rosettes  were  seen  with  all  the  flagella 
turned  inwards.  The  flagellum  in  cultivated  forms  projects  directlv 
from  the  kineto-nuclear  end  of  the  parasite. 

The  following  have  been  cultivated :  T.  auzi,  by  Chagas ;  T.  brucei, 
by  McNeal  and  Novy,  and  by  Laveran  and  Mesnil ;  T.  equinum, 
by  R.  Thomas  and  Breinl,  T.  equiperdum,  by  Thomas  and  Breinl, 
with  shght  success  ;  T.  gamhiense,  by  Thomas  and  Breinl  and  Gray 
and  TuUoch,  with  partial  success  ;  T.  evansi,  by  Novy,  McNeal  and 
Hare,  and  by  Thomas  and  Breinl,  but  were  found  to  be  non- 
virulent,  and  subcultures  could  not  be  obtained. 

Infection. — In  nature  there  can  be  no  doubt  that  infection  can 
take  place  in  more  than  one  way,  and  Minchin  has  pointed  out  that 
the  different  methods  may  be  : — 

1.  The  swallowing  of  encysted  parasites. 

2.  Conveyance  from  one  vertebrate  host  to  another  by  some 
blood-sucking  invertebrate  animal,  either  directly  or  indirectly. 

1.  CoNTAMiNATiVE. — This  is  the  infection  of  the  host  by  swallow- 
ing encysted  parasites.  At  present  there  is  no  proof  that  this  exists 
in  trypanosomes.  But  Minchin  has  shown  that  T.  grayi  becomes 
encysted  while  lying  in  the  proctodaeum  of  Glossina  palpalis  by  a 
shortening  of  the  flagellum  and  an  excretion  of  a  cyst-wall,  which, 
beginning  at  the  anterior  extremity,  gradually  spreads  round  the 
shortening  parasite  while  the  flagellum  is  being  absorbed.  The 
cysts,  which  lie  quite  free  in  the  proctodaeum,  are  first  pear-shaped 
and  then  oval,  and  the  trophonuclei  and  kinetonuclei  break  up  into 
chromidia.  Minchin  believes  that  these  cysts  will  be  found  to  infect 
some  vertebrate,  but  there  is  no  proof  of  this  at  present. 

2.  Inoculative. — ^The  spread  of  a  trypanosome  from  one  verte- 
brate host  to  another  was  demonstrated  by  Bruce  while  studying 
T.  brucei,  and  also  by  the  same  observer,  Nabarro,  and  Kleine  for 
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T.  gambimse,  both  diseases  being  spread  by  tsetse-flies,  though 
regard  to  the  former  it  had  long  been  known  that  the  tsetse-fly 
the  cause  of  the  disease. 

There  are,  however,  two  ways  in  which  a  blood-sucker  can  sp 
an  infection  :  {a)  the  direct ;  (b)  the  indirect. 

{a)  The  Direct.— In  this  the  blood-sucker  simply  transmits 
parasite  unchanged. 

{b)  The  Indirect. — In  this  method  the  parasite  undergoes  a  c 
of  development  in  the  blood-sucker,  the  nature  of  which  has  1 
fully  discussed  already. 

Classification. — ^The  various  species  of  the  genus  Trypanosoma 
differentiated  by — (i)  their  morphological  characters;  (2)  t 
animal  reactions,  which  are  [a]  the  effects  of  inoculation  into 
ferent  animals,  some  of  which  will  be  found  to  be  immune  ;  (&) 
effect  of  cross-immunization,  which  means  that  an  animal  immun 
against  one  species  of  trypanosome  wiU  be  found  open  to  attacl 
another  ;  (c)  agglomeration  caused  by  immune  serum  ;  (3)  atten 
at  cultivation  on  the  Novy-McNeal- Matthias  medium  will  dr 
entiate  certain  forms  which  develop  in  different  ways,  whUe  ot: 
will  not  develop  at  all ;  (4)  application  of  the  precipitin  test ;  (5) 
discovery  of  the  true  invertebrate  host ;  (6)  the  chromotherape 
reactions,  for  Mesnil  and  NicoUe  have  shown  that  different  der 
fives  of  benzine  have  varying  effects  on  pathogenic  trypanosoi 
and  may  therefore  help  to  differentiate  them. 

TRYPANOSOMES    OF  MAMMALS. 
Trypanosoma  lewisi  Kent  1879. 

Synonyms. — Herpetomonas  lewisi  Kent  1880  ;  Trichomonas  le 
Crookshank  1886  ;  Trypanomonas  lewisi  Labbe  1891 ;  Trypanos 
sanguinis  Kanthack,  Durham  and  Blandford  1898  ;  T.  ratio 
Borner  1901  ;  Trypanomonas  murium  Danil  1899  ;  and  Trypano: 
lewisi  Liihe  1906. 

T.  lewisi  was  the  first  mammalian  trypanosome  to  be  discove 
for  it  was  seen  by  Chussat  in  1850  in  Mus  rattus  (probably  no1 
Gros  in  1845),  who  thought  it  was  a  young  nematode,  while  Le 
in  Calcutta,  in  1877,  rediscovered  it,  and  recognized  that  it  w; 
protozoon.  It  is  a  typical  trypanosome,  and  is  found  in  1 
rattus  L.,  M.  norvegicus  Pall,  and  M.  rufescens  Gray  all  ( 
the  world — in  Asia  (India,  Ceylon,  Java,  Philippines,  Japan) 
Europe  (England,  Ireland,  France,  Holland,  Germany,  Rus! 
in  Africa  (Uganda,  Abyssinia,  Gambia,  and  Cameroons),  and 
America  (United  States  and  Brazil).  It  is  nonpathogenic, 
restricted  to  rats,  among  which  it  is  probably  spread  by  Hcem 
pinus  spinulosus,  the  rat  louse,  and  Pulex  fasciatus,  the  rat  flea. 

It  is  a  very  active,  worm-like  little  parasite  darting  about  am 
the  corpuscles.     It  is  24  to  25/^1  in  length  and  1-5 /x  in  breadth, 
anterior  end  is  very  pointed,  and  the  whole  parasite  is  thin. 


TRYPANOSOMA   LEWISI  357 

tropho nucleus  is  situated  near  the  junction  of  the  middle  and  pos- 
terior thirds  of  the  body,  and  the  kinetonucleus,  which  is  rod- 
shaped,  is  situated  anteriorly.  There  are  eight  myonemes  in  the 
ectoplasm  (periplast).  Prowazek  distinguishes  small  male  forms 
with  a  nucleus  rich  in  chromatin,  large  female  forms  with  clear 
cytoplasm,  and  indifferent  forms  with  many  granules  and  poorly 
defined  nucleus.  The  life-history  in  the  rat  has  been  worked  out  by 
Breinl  and  Hindle,  as  already  described  above  (p.  249).  The  filament 
they  mention  as  occurring  between  the  kinetonucleus  and  the  tropho- 
nucleus  appears  to  have  been  also  seen  by  Prowazek.  Asexual  re- 
production may  be  summarized  into  reproduction  with  longitudinal 
division  and  reproduction  with  rosette  formation  and  encystment 
after  some  interchange  between  the  kineto-  and  trophonuclei,  followed 
in  due  course  by  increased  power  for  longitudinal  division.  Battaglia 
describes  a  process  of  sporogony  with  the  formation  of  macro-  and 
microgametocytes,  and  of  macrogametes  and  microgametes,  and  a 
similar  reproduction  has  been  described  by  Pricolo. 

In  the  louse  the  life-cycle  has  been  studied  by  Prowazek,  who 
finds  that  the  micro-  and  macrogametocytes  undergo  first  a 
reduction  of  the  trophonucleus  from  sixteen  chromosomes  to 
four,  and  that  then  the  microgametocyte  gives  rise  to  only  one 
microgamete,-  which  fuses  with  the  macrogamete,  forming  an 
ookinete.  This  becomes  a  trypanosome  by  the  separation  of  the 
kinetonucleus  from  the  synkaryon. 

The  flagellum  projects  from  the  posterior  end,  which  the  kineto- 
nucleus now  leaves,  and,  taking  the  flagellum  with  it,  proceeds 
towards  the  anterior  end,  thus  forming  the  undulating  membrane. 
Gregariniform  non-flagellate  forms  also  appear,  which  penetrate 
between  the  epithelial  cells. 

Prowazek  failed  to  infect  rats  by  the  bite  of  the  louse,  but  this  has 
been  done  successfully  by  Rabinowitsch  and  Kempner  with  Pulex 
fasciatus.  Nuttall  has  recently  proved  that  T.  lewisi  can  be  trans- 
mitted from  rat  to  rat  by  the  fleas  Ceratophyllus  fasciatus  and 
Ctenophthalmus  agyrtes,  and  by  the  louse  Hcematofinus  spmulosus. 
He  therefore  considers  it  doubtful  that  this  flagellate  is  a  true 
parasite  of  the  invertebrate  host. 

Cultural  experiments  have  been  carried  out  successfully  by  Novy 
and  McNeal  on  a  niedium  prepared  by  mixing  agar  and  defibrinated 
rabbit's  blood  in  equal  parts,  when  forms  from  i^  to  60  /^  m  length 
raay>be  found,  and  also  rosettes,  but  the  forms  are  herpetomoniform, 
with  the  kinetonucleus  at  the  posterior  end. 

Inoculation  can  only  be  carried  out  successfully  in  rats,  m  which 
it  is  generally  non-pathogenic,  though  rarely  some  observers  have 
described  dyspnoea,  oedema,  and  subcutaneous  haemorrhages  m 
intense  infections. 

Immunity  is  gained  when  a  rat  becomes  free  from  the  parasites, 
and  hyperimmunity  can  be  obtained  by  inoculations.  It  is  thought 
that  the  immunity  is  largely  due  to  phagocytosis,  but  this  is  being 
questioned  in  many  species  of  trypanosomes.     A  protective  serum 
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is  obtainable  from  hyperinunune  rats.  Immune  serum  will  £ 
merate  the  tr5^anosomes.  The  parasites  cannot  be  transn 
from  the  mother  to  young,  as  it  appears  that  they  cannot  tra 
the  placenta. 

Trypanosoma  evansi  Steel  1885. 

Synonyms.— S^«Voc/s«ifl  evansi  Steel  1885,  Hesmatomonas  e 
Crookshank  1886,  and  Trichomonas  evansi  Crookshank  1886. 

Trypanosoma  evansi,  discovered  by  Evans  in  India  in  iSJ 
the  cause  of  a  disease  called  surra,  which  occurs  in  horses,  n 
camels,  and  cattle  in  India,  Burma,  Indo-China,  Java,  Phihp] 
Mauritius,  and  North  Africa.  With  regard  to  cattle,  they 
supposed  to  be  immune  untU  the  outbreak  in  Mauritius  in 
which  killed  from  25  to  100  per  cent,  of  the  infected  cattle. 

This  trypanosome,  25  /x  in  length  and  i  '5  /*  in  breadth,  has  a  po 
anterior  extremity,  a  long  flageUum,  and  is  actively  motil( 
reproduces  asexually  by  simple  division. 

Holmes  recognizes  male  and  female  forms,  which  he  consider; 
jugate  by  the  anterior  extremities  only,  after  which  the  female  di'' 
forming  four  amoeboid  bodies,  which,  in  the  hver,  spleen,  and 
marrow,  develop  into  trypanosomes.  This  appears  to  some 
resemble  the  descriptions  of  Breinl  and  Hindle  of  latent  f(5n 
T.  gambiense.  T.  evansi  can  be  cultivated,  and  appears  to  de 
in  certain  flies — for  example,  Tabanus  tropicus,  T.  lineola,  Stot 
calcitrans,  S.  geniculatus,  in  the  stomach  of  the  last  of  whi 
has  been  found.  Certainly  it  can  be  transmitted  to  healthy  an 
by  the  bites  of  flies  and  fleas.  It  is  said  that  it  can  also  be  contr 
by  eating  infected  meat. 

The  symptoms  are  fever,  remittent  or  intermittent,  emaci; 
oedema  of  the'Umbs  and  ventral  surfaces,  frequently  lesions  c 
eyes  and  eyeUds,  great  muscular  weakness,  paralysis,  and  c 
The  treatment  is  by  arsenic. 

Trypanosoma  brueei  Plimmer  and  Bradford  1889. 

This  parasite  was  discovered  by  Colonel  Sir  David  and  Lady  ] 
in  1895  in  animals  suffering  from  the  tsetse-fly  disease  or  ni 
(which  means  'weakness')  in  Zululand.  At  the  same  time 
showed  that  the  tsetse-fly  (Glossina  morsitans)  disseminated  the  di; 
.  The  parasite  is  widespread  throughout  Africa,  especially  in 
land.  Northern  Transvaal,  and  its  surrounding  countries  ;  alsc 
Pretoria  to  Lake  Nyassa,  in  the  basin  of  the  Limpopo,  in  the 
of  the  Zambesi,  in  German  East  Africa,  British  East  Africa, 
it  causes  nagana  or  the  fly  disease,  and  in  Uganda,  where  it  is  < 
'  jinja.' 

The  appearance  of  the  parasite  is  worm-like,  being  28  to  3; 
length  in  horses  and  donkeys.  The  length  is  constant  for  the 
animal,  but  varies  in  different  hosts,  being  26  to  27  fi  in  rats, 
guinea-pigs,  rabbits,  and  dogs.     The  anterior  end  (non-flag< 
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is  a  truncated  cone,  behind  which  lies  the  kinetonucleus  as  a  well 
marked  rounded  mass,  posterior  to  which  the  flagellum  arises.  Th 
trophonucleus  lies  in  the  middle  of  the  body,  and  many  chromatoL 
granules  may  be  seen  posterior  to  it,  while  stUl  further  posterio 
the  free  whip  of  the  flagellum  may  be  noted.  Koch  consider 
T.  brucei  to  be  identical  with  T.  evansi,  but  the  animal  reaction 
clearly  show  them  to  be  different  species. 

The  life-cycle  in  the  vertebrate  host  has  not  been  very  fuU 
worked  out,  but  the  longitudinal  division  is  well  known.  Th 
kinetonucleus  divides  first,  then  the  flagellum,  then  the  trophc 
nucleus,  and  finally  the  cytoplasm,  but,  according  to  Prowazel 
division  is  really  a  very  complicated  process.  First  the  blepharc 
plast  becomes  thickened,  elongated,  and  dumb-bell-shaped,  and  the 
divides.  In  the  trophonucleus  the  chromosomes  behave  hke  th 
kinetonucleus  and  the  centrosome,  and,  having  divided,  the  who] 
nucleus  divides.  The  chromatin  granules  in  the  cytoplasm  are  als 
said  to  undergo  fission,  while  a  new  flagellum  develops  from  th 
new  kinetonucleus.  Parasites  resembling  the  latent  forms  of  Breii 
and  Hindle  are  known,  and  are  called  involution  forms. 

In  the  tsetse-flies  Glossina  morsitans,  G.  pallidipes,  and  especiall 
G.  fusca,  Koch  finds  large  female  forms  and  small  male  forms,  an 
in  the  posterior  part  of  the  stomach  large  forms  with  several  trophc 
nuclei  and  only  one  kinetonucleus  and  one  flagellar  apparatu 
which  are  believed  to  be  fertilized  females.  These  are  believed  1 
give  rise  to  herpetomoniform  parasites,  which  invade  the  probosci 
where  trypanosomes  in  all  stages  of  development  can  be  foum 
But  it  is  only  those  which  are  like  the  trypanosomes  of  the  bloc 
which  infect  the  animal. 

Novy  and  McNeal  have  cultivated  T.  brucei  in  the  same  mann 
as  T.  lewisi,  and  found  some  evidence  of  a  toxin,  but  it  only  gro\ 
exceptionally  in  the  water  of  condensation  from  the  agar  mediu 
which  contains  half  or  less  than  half  its  volume  of  blood.  Aggl 
meration  takes  place  under  various  circumstances — e.g.,  mixtu 
with  immune  blood  or  a  few  drops  of  dilute  acetic  acid,  etc. 

It  is  believed  by  some  authorities  that  the  parasite  lives  in  natu 
in  the  wildebeeste  [Catoblepus  gnu),  the  koodoo  (Strepsicer 
capensis),  the  brush-buck  {Tragelaphus  scriptus  sylvaticus),  and  tl 
hyena,  without  causing  dasease.  These  may  form  a  reserve  fro 
which  the  tsetse-flies  G.  morsitans,  G.  pallidipes,  and  G.  fusca  c; 
obtain  parasites  which  undergo  development  in  their  alimenta: 
canal,  during  which  time  they  are  non-pathogenic,  and  when  ful 
developed  are  found  in  the  proboscis,  and  are  again  capable  of  beii 
inoculated  into  animals,  in  some  of  which  they  are  pathogen: 
Kleine  has  proved  that  the  transmission  of  the  trypanosome  is  n 
merely  mechanical,  as  suggested  by  Bruce  and  others,  but  also  tak 
place  after  the  trypanosome  has  undergone  development  in  the  i 
which  is  its  true  host.  Thus,  freshly  caught  Glossina  morsitans  f 
the  first  three  days  infected  cattle,  and  then,  from  the  fourth  to  t: 
tenth  day  the  flies  were  non-infective,  but  from  the  eleventh  to  t] 
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forty-fourth  day  they  were  very  infective.  This  shows  that  the 
parasite  must  undergo  a  development  in  the  fly. 

The  disease  can  therefore  be  spread  by  the  bites  of  certain  tsetse- 
flies,  particularly  G.  morsitans  and  perhaps  the  others  mentioned  above. 

It  can,  however,  be  also  spread  by  inoculation  and  by  eating  the 
blood  of  animals  recently  dead  from  the  disease. 

The  incubation  period  is  about  ten  days,  and  the  effects  produced 
in  animals  vary  considerably  in  the  following  manner  : 

1.  It  is  an  acute  disease  in  mice,  rats,  dogs,  monkeys,  cats,  etc., 
dogs  dying  in  two  to  six  days,  rats  in  three  to  six  days. 

2.  It  is  a  subacute  disease  in  rabbits,  guinea-pigs,  equines,  and  pigs, 
a  horse  dying  in  fifteen  to  ninety  days. 

3.  It  is  a  chronic  disease  in  cattle,  goats,  geese,  and  fowls.  In 
cattle  it  lasts  from  one  week  to  six  months. 

Battaglia  has  succeeded  in  inoculating  bitches  by  injecting  some 
infected  blood  in  vaginam.  He  has  also  infected  rabbits  by 
inoculating  blood  on  the  penis,  when  a  hard,  granulomatous 
nodule,  very  similar  to  a  human  syphilitic  primary  sore,  developed. 

Nagana  is  invariably  fatal  to  the  horse,  the  ass,  and  the  dog,  but 
a  smdl  percentage  of  bovines  recover. 

It  is  characterized  by  fever;  by  an  infiltration  of  coagulable 
lymph  in  the  subcutaneous  tissue  of  the  neck,  of  the  abdomen,  or  of 
the  extremities,  giving  a  swollen  appearance  to  those  parts ;  by  a 
destruction  more  or  less  rapid  of  the  red  corpuscles  of  the  blood, 
with  an  extreme  emaciation,  often  blindness ;  and  by  the  presence 
constantly  in  the  blood  of  T.  brucei. 

Very  few  lesions  are  found  at  the  autopsy,  the  most  characteristic 
being : 

1.  Enlargement  of  the  spleen. 

2.  Trypanosomes  in  the  blood. 

3.  Hypertrophy  of  the  lymphatic  glands,  but  apparently  not 
associated  with  a  development  of  the  parasites  in  these  organs. 

4.  In  horses,  the  liver  and  spleen  are  hypertrophied,  and  there  is 
yellow  serous  infiltration  under  the  skin  and  mucosa  and  between  the 
muscles,  as  well  as  some  pleural  and  pericardial  exudations  and  sub- 
pericardial  ecchymoses. 

5.  In  a  pig  which  had  shown  paralytic  symptoms  the  vertebrae 
of  the  spinal  column  were  osteomalacic,  and  the  posterior  part  of 
the  spinal  cord  was  surrounded  by  a  gelatinous  substance  like  that 
which  had  coagulated  in  the  tissues. 

The  best  treatment  is  arsenic  in  some  form.  Trypanroth,  a 
benzine  colour,  and  serum  treatment  have  not  proved  of  great 
service. 

Trypanosoma  dimorphon  Laveran  and  MesnU  1904. 

This  trypanosome  was  discovered  by  Dutton  and  Todd  in  1904 
in  horses  on  the  Gambia,  and  is  now  known  to  exist  in  several  parts 
of  Africa,  where  perhaps  a  wide  equatorial  belt  across  the  continent 
is  affected.     It  is  also  found  in  cattle,  dogs,  pigs,  sheep,  and  goats. 


TRYPANOSOMA  DIMOHPHON  261 

It  exists  in  three  forms  : 

X  Tadpole  Form—Found  in  the  early  stage  of  the  disease, 
II  to  13  IX.  long  and  o-i8  ju  broad. 

2.  Stumpy  Form.—Seen  when  the  disease  is  not  too  far  advanced, 
and  characterized  by  a  short  thick  body  and  a  short  fiagellum 
Length  16  to  19  fx.,  breadth  3-4  to  3-5(1. 

3.  Long  Fom.— With  long  thin  body  and  long  flagellum,  found 
a  few  days  before  death.     Length,  26  to  30  yu ;  breadth,  r6  to  2  ,.. 

1  hese  may  be  respectively  indifferent,  female,  and  male  forms 
01  the  parasite. 

It  has  been  cultivated.  It  may  perhaps  develop  in  Glossina 
tachmoides   Westwood,  which  is  the  common  tsetse -fly  of    the 


Fig.  83. — Trypanosoma  dimorphon. 
(After  Dutton  and  Todd.) 

Gambia,  or  in  G.  palpalis.  It  can  be  inoculated  into  rats,  mice, 
guinea-pigs,  and  rabbits,  as  well  as  horses. 

The  symptoms  in  the  horse  begin  with  loss  of  vigour,  followed  in 
two  to  three  weeks  by  fever.  During  the  next  month  the  weakness 
is  more  marked  and  the  abdomen  swells,  the  testicles  hang  down 
and  are  oedematous,  the  coat  becomes  staring,  the  animal  looks 
apathetic,  and  death  ensues  in  about  a  year. 

The  post-mortem  shows  oedema  of  the  abdominal  wall  and  a 
coloured  fluid  in  the  pleura  and  pericardium,  with  hypertrophy  of  the 
lymphatic  glands,  fatty  hver,  and  congestion  of  the  lungs.  The  spleen 
is  normal.* 

Trypanosoma  equinum  Vosges  1902. 

Synonym. — T.  elmassiani  LigniSres. 

T.  equinum,  discovered  by  Elmassian,  is  the  cause  of  mal  de 
caderas  in  horses  and  dogs  in  South  America. 
This  parasite  closely  resembles  T".   brucei  and  T.   evansi.      In 

*  It  would  appear  from  recent  publications  that  different  species  have  been 
confused  under  the  term  T.  dimorphon. 
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length  it  is  22  to  24  /t,  and  in  breadth  1-5/4,  and  it  has  the  same 
measurements  in  different  species  of  animals.  It  is  very  active, 
but  its  principal  characteristic  is  that  the  kinetonucleus  is  very 
insignificant. 

Multiphcation  is  by  equal  binary  division.  It  agglomerates,  and 
has  been  cultivated  by  Thomas  and  Breinl  on  a  rabbit's  blood  and 
chicken-broth  agar  medium. 

It  can  be  inoculated  into  the  ordinary  laboratory  animals.  Its 
mode  of  propagation  is  not  well  known,  and  seems  to  bear  some 
relationship  to  a  disease  which  kills  the  capybara  {Hydrochcsrus 
capybara),  which  appeats  to  be  the  reservoir  for  the  parasite.  Dogs 
may  be  infected  by  eating  diseased  animals,  and  then  from  the  dog 
the  infection  may  be  spread  to  the  horse  by  fleas,  because  they  have 
been  found  to  infect  rats.  Authorities  consider  that  it  may  be 
spread  by  members  of  the  Tabanidse  and  by  Stomoxys. 

Mai  de  caderas  is  a  very  fatal  disease  among  the  horses  of  South 
America.  The  first  sign  of  the  disease  is  weakness,  which  makes 
rapid  progress,  though  the  appetite  remains  good.  The  temperature 
is  febrile,  and  after  a  variable  period  the  hindquarters  become 
paralyzed  and  the  horse  drags  its  limbs,  the  hoofs  scraping  the 
ground.  As  it  walks  it  staggers,  the  hindquarters  oscillating  from 
right  to  left,  which  characteristic  gives  the  disease  its  name  of  mal 
de  caderas,  the  disease  of  the  hindquarters.  In  the  stable  it  can 
support  itself  against  the  walls,  but  in  the  open  air  it  staggers  and 
falls.  There  may  be  albuminuria  and  haematuria  and  an  eruption 
on  the  neck,  shoulders,  and  hindquarters.  The  eyelids  show  con- 
junctivitis and  chemosis. 

The  horse  Uves  about  two  months  after  the  paralysis  sets  in. 

Congestion  and  enlargement  of  the  spleen  and  mesenteric  glands  are 
seen  in  post-mortems.  The  kidneys  are  affected,  nephritis  and  inter- 
stitial haemorrhages  being  noted.  There  are  also  serous  exudations 
into  the  peritoneum,  the  pleura,  the  pericardium,  and  the  spinal  canal. 

Trypanosoma  equiperdum  Doflein  1901. 

Synonym. — T.  rougeti  Laveran  and  Mesnil. 

T.  equiperdum  is  the  cause  of  the  disease  called  dourine 
or  mal  du  coit  in  horses  in  Europe,  India,  North  Africa  (Algeria), 
and  North  America.  It  is  about  25  to  28  fx  in  length,  and  has  no 
chromatic  granules  in  the  cytoplasm.  It  is  difficult  to  find  in 
naturally  infected  animals,  being  best  obtained  from  the  plaques  o\ 
the  eruption.  It  does  not  appear  to  be  spread  by  a  fly,  but  by  coitus 
between  stallion  and  mare.  Hence  the  disease  resembles  syphilis, 
and  proves  that  a  trypanosome  is  capable  of  penetrating  a  mucous 
membrane.  The  incubation  is  from  eleven  to  twenty  days, 
after  which  the  genital  organs  begin  to  show  signs  of  oedema, 
generally  painless  and  not  inflammatory,^  though  there  is  some 
fever.  In  about  a  month  the  oedema  disappears,  and  weakness  anc 
emaciation  begin.     This  is  Stage  i,  or  the  period  of  oedema. 
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Stage  2,  or  the  period  of  eruption,  is  characterized  by  the  appear- 
ance in  about  forty  to  forty-five  days  (or  two  months)  after  infection 
of  an  eruption,  characterized  by  circular  oedematous  areas  about  the 
size  of  a  two-shilhng  piece  generally  under  the  skin  of  the  sides  and 
hindquarters,  but  sometimes  also  under  that  of  the  neck,  shoulders 
and  thighs.  This  eruption  is  very  variable,  and  may  appear  in  the 
morning  and  disappear  at  night,  but  generally  it  lasts  a  week,  and 
leaves  the  animal  in  a  feeble  condition.  There  is  also  synovial 
engorgement  of  the  joints  and  tendon-sheaths,  and  enlargement  of 
the  lymphatic  glands,  particularly  the  inguinal.  The  temperature 
IS  often  raised  to  39°  C.  (102-2°  F.)  in  the  evening,  and  falls  to  385°  C. 
(101-4°  F-)  in  the  morning. 

Stage  3,  or  the  period  of  anmmia  and  paralysis.  The  animal  now 
becomes  very  anaemic,  with  pale  mucosiE,  and  emaciation  is  marked. 
There  are  often  superficial  abscesses  which  do  not  heal,  and  some 
conjunctivitis  and  ulcerative  keratitis.  Micturition  is  difficult,  and 
the  urine  is  thick.  Sensibility  is  diminished,  and  paralysis  comes 
on,  due  to  softening  of  the  cord,  and  in  from  two  to  eighteen  months 
the  animal  dies.     The  disease  is  said  to  be  always  fatal. 

The  above  is  the  usual  type  of  the  disease,  and  may  be  called 
chronic  dourine,  but  in  addition  there  is  an  acute  type,  in  which 
the  animal  dies  after  the  first  stage  from  acute  paralysis,  which 
comes  on  suddenly  a  few  days  after  the  appearance  of  the  eruption. 

The  post-mortem  lesions  are  in  the  spinal  cord  and  the  lymphatic 
glands.  In  the  cord  there  is  gelatinous  exudation  around  the 
lumbar  area,  and  cervical  enlargement  with  intense  chronic  inflam- 
mation of  the  posterior  spinal  ganglia,  with  degeneration  of  the 
perikarya  and  their  associated  neurones,  causing  degeneration  of 
the  posterior  roots  and  columns,  as  in  tabes  dorsalis. 

The  grey  matter  of  the  cord  also  shows  chromolytic  changes,  with 
capillary  haemorrhages  due  to  chronic  inflammation.  Mott  says 
that  the  infiltration  and  thickening  of  the  septa  of  the  cord,  the 
infiltration  of  the  nerve  roots  and  the  vessel  walls  with  lymphocytes, 
is  like  a  syphilitic  meningitis.  The  membranes  at  the  base  of  the 
brain  may  also  be  affected.  The  lymphatic  glands  are  enlarged, 
congested,  and  softened.  The  disease  appears  to  begin  by  inocula- 
tion, and  then  to  spread  to  the  inguinal  glands,  and  then  to  the 
pelvic  lymphatics,  and  from  them  to  the  posterior  lumbo-sacral 
roots,  and  thus  the  cord  becomes  affected.  Other  lesions  are 
gelatinous  exudation  under  the  skin,  serous  effusions  into  the  pleural 
and  peritoneal  cavities,  wasting  and  pallor  of  muscles,  with  fatty 
degeneration  and  an  interstitial  keratitis. 

Trypanosoma  theileri  Bruce  1902. 

Synonym. — T.  transvaaliense  Laveran  1902. 

T.  theileri  is  probably  the  cause  of  galziekte,  or  gall  sickness,  in  cattle 
in  the  Transvaal,  in  Togoland,  German  East  Africa,  Transcaucasia, 
and  in  India.     It  is  of  large  si7,e,  60  to  70  /^  in  length  and  4  to  5  /*  in 
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breadth.  A  small  form  is  known,  25  to  53  /x  in  length  and  2  to  3  /, 
in  breadth.  It  moves  very  rapidly,  and  has  a  long  flagellum,  while 
the  anterior  end  is  pointed  and  the  kinetonucleus  is  oval.  Multipli- 
cation is  by  simple  longitudinal  fission.  A  female  form  has  been 
described  by  Liihe.  It  is  believed  to  be  spread  by  species  of  Hippo- 
bosca,  and  is  specific  for  bovines,  not  being  inoculable  into  other 
animals. 

The  disease,  which  may  be  acute  or  subacute,  begins  after  an 
incubation  of  three  to  five  days  with  fever,  and  sometimes  severe 
anjemia,  with  leucocytosis  and  basophilia,  develops,  which  is  often 
complicated  by  babesiasis  or  spirochsetiasis. 

Post-mortem  reveals  anaemia  and  icteric  staining  of  the  tissues, 
and  enlargement  of  the  lymphatic  glands  of  the  mesentery. 

Trypanosoma  gambiense  Button  1902. 

Synonyms. — T.  nepveui  Sambon  1903,  T.  hominis  Manson  1903, 
T.  castellanii  Kruse  1903,  T.  ugandense  Castellani  1903,  T.  fordii 
Maxwell  1903. 

T.  gambiense  was  first  found  by  Forde  in  the  Gambia  in  a  peculiar 
case  of  fever.  He  showed  it  to  Dutton,  who  described  and  named 
it.  The  trypanosome  had,  however,  been  seen  and  imperfectly 
described  previously  by  Nepveu  in  the  blood  of  man. 

T.  gambiense  was  first  seen  in  the  cerebro-spinal  fluid  of  cases  of 
sleeping  sickness  by  Castellani  in  1902,  and  reported  by  him  as 
the  cause  of  the  disease  in  1903.  Bruce  and  Nabarro  demonstrated 
the  fact  first  suggested  by  Sambon  and  Brumpt  that  it  could  be 
spread  by  a  tsetse-fly,  Glossina  palpalis ;  and  Kleine  has  demonstrated 
that  the  transmission  is  not  merely  mechanical,  but  also  takes  place 
after  a  period  during  which  the  fly  is  non-infective,  the  deduction 
being  that  the  trypanosome  must  undergo  a  development  in  the  fly 
which  acts  as  a  true  host. 

Morphology. — T.  gambiense  measures  from  16  to  24  /^  in  length 
and  from  2  to  2  -5  /*  in  breadth.  (Laveran  and  Mesnil  give  17  to  28  /t 
in  length  and  1-4  to  2  /*  in  breadth.)  The  anterior  end  is  variable 
and  sometimes  rounded ;  the  kinetonucleus  is  an  oval  body,  behind 
which  is  often  seen  a  vacuole.  The  trophonucleus  is  oval  in  shape, 
and  situated  about  the  middle  of  the  body,  behind  which  there 
may  be  some  chromatic  granules  in  the  cytoplasm,  which  at  the 
posterior  end  runs  along  the  flagellum  for  a  considerable  distance. 

Asexual  Reproduction. — ^The  life-history  of  the  parasite  in  the 
human  body  is  not  accurately  known.  It  can  often  be  obtained 
from  the  peripheral  blood,  but  sometimes  the  most  prolonged  search 
fails  to  demonstrate  it.  It  can  then  be  found  by  puncturing  the 
enlarged  lymphatic  glands,  by  scarification  of  the  eruption,  or  by 
puncture  of  the  spinal  canal,  if  the  case  is  one  of  sleeping  sickness. 

Salvin,  Moore  and  Breinl  have,  however,  investigated  the  life- 
cycle  in  the  rat,  in  which,  after  inoculation,  the  parasites  increase 
to  a  maximum  in  the  peripheral  blood,  and  then  decline  gradually 
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Fig.  84. — Trypanosoma  gambiense  Button. 

(Forms  found  in  the  cerebro-spinal  fluid.) 

The  figures  in  the  top  row  show  the  ordinary  forms ;  in  the  second  row  the 
stumpy  forms;  in  the  third  and  fourth  rows  longitudinal  division.  The 
lowest  row  shows  multinucleate  and  polytiagellate  forms  (Rabinowitsch- 
Kempner  forms),  and  small  round  flagellate  and  non-flagellate  forms  (Plimmer- 
Bradford  and  Castellani's  forms).  (From  Castellani's  report  in  Reports  of  the 
Royal  Society  on  Sleeping  Sickness.) 
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to  nil,  at  which  they  remain  for  a  period — the  latent  period — and 
then  increase  again  in  numbers  and  reappear  in  the  peripheral 
blood. 

Their  investigations  give  the  following  results  :  The  parasite  may 
grow  to  a  fair  size,  and  then  divide  into  two  by  simple  fission,  and 
this  may  be  repeated  till  the  blood  is  swarming  with  them.  When 
this  is  the  case  a  relatively  thick  band,  said  by  Swellengrebel  to  be 
composed  of  melachromatic  or  volutine  granules  (axial  filament), 
such  as  that  described  by  Miss  Robertson  in  T.  rajce  and  by 
Prowazek  in  T.  lewisi,  grows  from  the  kinetonucleus  down  the 
endoplasm  till  it  reaches  or  even  passes  the  nucleus,  or  it  may 
coil  on  itself,  but  eventually  is  connected  with  the  trophonucleus. 

The  trypanosomes  now  decrease  in  numbers  in  the  peripheral 
blood,  and  are  found  in  the  lungs,  spleen,  and  bone-marrow.  In 
these  organs  the  protoplasm  becomes  detached  from  the  periphery 
of  the  nucleus,  which  lies  in  a  clear  space.  The  nucleus  con- 
tracts, and  a  large  clear  vesicle  forms  in  connection  with  it,  and 
around  both  a  cytoplasmic  sheath  is  formed.  The  rest  of  the 
cell  body  now  disintegrates,  and  the  flagellum  with  the  kineto- 
nucleus may  be  seen  lying  detached.  These  bodies  now  become 
lodged  in  the  spleen  and  bone-marrow,  where  they  remain  intact 
for  a  period  of  ten  days  or  more — through  the  whole  of  the  negative 
or  latent  period  when  the  trypanosomes  are  missing  from  the  blood 
of  the  infected  rat.  Moore  and  Breinl,  therefore,  call  them  latent 
bodies.  They  consist  of  a  flattened  nucleus,  containing  a  centrosome, 
and  attached  to  a  vesicle,  the  whole  being  surrounded  by  a  ring  of 
cytoplasm. 

Just  before  the  reappearance  of  the  trypanosomes  in  the  peripheral 
blood  the  centrosome  inside  the  nucleus  divides,  and  the  new 
centrosome  escaping  from  the  nucleus  becomes  the  kinetonucleus, 
and  lies  in  the  cytoplasm,  which  has  now  increased  in  amount.  The 
vesicle  has  gradually  disappeared.  A  new  flagellum  now  appears, 
and  gradually  the  latent  body  becomes  a  trypanosome.  The 
rounded  bodies  with  one  or  two  nuclei,  with  or  without  the  small 
flagella,  are  probably  identical  with  the  forms  found  by  Castellani 
several  years  ago  in  the  cerebro-spinal  fluid  of  cases  of  sleeping 
sickness,  and  described  by  him  under  the  term  '  amoeboid  forms.' 

Sexual  Reproduction. — Apparently  all  observers  are  agreed  that 
the  parasite  may  show  very  diverse  forms,  and  most  of  them  con- 
sider that  these  forms  may  be  classed  into  three  types,  especially 
when  studied  in  the  blood  from  the  gut  of  the  tsetse-fly. 

Prowazek,  Liihe,  Nocht  and  Mayer  consider  them  to  be  indifferent, 
male,  and  female  forms.  Minchin  has  carefully  considered  these 
forms,  and  finds  that  the  ordinary  or  neutral  form  is  that  first  met 
with  in  G.  palpalis,  and  that  it  disappears,  there  being  left  only  long, 
clear  forms  with  an  elongated  nucleus  and  a  long  flagellum  (male 
according  to  most  observers)  and  a  short  thick  form  with  a  short 
flagellum  (female).  He  sees  very  large  forms  appear,  and  then  at 
the  end  of  forty-eight  hours  they  all  disappear,  and  he  can  find  no 
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trace  of  them  in  the  body  of  the  Glossina.  Koch,  Gray,  and  Tulloch, 
described  a  fuller  development,  but  the  two  latter  had  mistaken  a 
parasite  belonging  to  G.  palpalis,  and  it  is  possible  that  Koch  may 
have  done  the  same  ;  but  there  is  against  this  the  fact  that  Koch  was 
dealing  with  G.  fusca,  in  which  the  trypanosome  does  not  go  through 
its  life-cycle,  and  not  G.  palpalis. 

Kleine's  researches  have  already  been  mentioned  on  p.  252. 

Trypanosoma  cruzi  Chagas  1909. 

This  trypanosome  was  discovered  by  Chagas  in  Brazil  in  the  intes- 
tine of  a  conorhinus,  and  later  in  the  blood  of  a  child  suffering  from 
irregular  fever,  progressive  anaemia,  and  enlargement  of  various 
groups  of  lymphatic  glands.  It  is  characterized  by  its  large  kineto- 
nucleus,  and  by  the  facility  with  which  it  can  be  cultivated  on 
blood  agar. 

According  to  Chagas,  three  different  forms  of  the  parasite  can  be 
seen  in  the  blood  : 

1.  Broad  forms,  with  large  round  trophonucleus  containing  loose 
chromatin. 

2.  Slender  forms  with  oval  trophonucleus  and  dense  chromatin. 

3.  Forms  with  a  trophonucleus  much  larger  than  in  the  other  two. 
Chagas  has  succeeded  in  infecting  domestic  animals,  such  as  cats 

and  dogs,  in  the  lungs  of  which  he  describes  an  intracorpuscular  form 
of  the  trypanosome.  It  is  spread  by  a  bug — Conorhinus  sanguisuga — 
belonging  to  the  Reduviidae.  This  bug  bites  at  night,  and  from  its 
habit  of  attacking  the  face  is  called  by  the  natives  barbeiro  (barber). 
It  bites  not  merely  man,  but  domestic  animals. 

Chagas  states  that  five  to  eight  hours  after  the  bug  has  been  fed 
on  an  infected  animal  the  trypanosomes  in  its  alimentary  canal  lose 
their  undulating  membranes  and'  their  flagella,  and  then  their 
kinetonuclei  are  found  lying  close  to  the  trophonuclei.  These 
fojms  multiply  by  division,  but  evidence  in  favour  of  conjugation 
and  encystment  has  not  been  obtained. 

Other  Trypanosomes. — Among  the  numerous  trypanosomes  which 
have  been  described,  the  following  may  be  briefly  mentioned : 

Trypanosoma  ingeus  Bruce,  Hamerton  and  Mackie,  1909. 
Found  in  the  red  buck  and  ox  in  Uganda  ;  large  size  (122  /i). 

Trypanosoma  nana  Laveran  1905. 
Balfour  in  1904  discovered  this  parasite  in  cattle,  on  the  White  Nile,  which 
appeared  to  be  ill.     The  parasites  are  small,  with  no  free  flagellum,  and 
are  non-pathogenic  for  dogs,  rabbits,  and  monkeys.     Amoeboid  forms  were 
found  in  the  cerebro-spinal  fluid. 

Tiypanosoma  vivax  Ziemann  1905. 
An  acute  or  chronic  disease  in  cattle,  sheep,  and  goats  in  the  Cameroons  was 
found  by  Ziemann  to  be  due  to  a  trypanosome  which  is  distinguished  from 
other  pathogenic  trypanosomes  by  its  extraordinary  activity.  It  is  possibly 
spread  by  the  Tdbanid^  or  Stomoxys,  and  the  incubation  period  is  five  to 
eight  days. 
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Trypanosoma  pecandi  Laveran  igo6. 
In  the  French  Sudan,  in  addition  to  mibori  and  souma,  there  is  a  thir 
unnamed  disease — baleri,  in  Equidas — caused  by  T.  pecaudi,  with  two  form 
like  T.  dimorpkon — (i)  long  and  slender.  (2)  short  and  broad. 

Trypanosoma  eazalboui  Laveran  1906. 

This  trypanosome  causes  a  disease  in  goats  in  French  Guinea,  spread  b; 
Stomoxys  bouffardi,  and,  according  to  Bouffard,  is  identical  with  T.  vivax. 

A  number  of  other  forms  have  been  described  (7".  Soudanese,  T.  congolense 
in  different  diseases  of  animals  in  various  parts  of  Africa  and  Asia,  but  it  i 
probable  that  they  are  only  slightly  different  from  one  or  other  and  the  above 
For  details  concerning  these  matters  refer  to  '  Trypanosomes  and  Trypano 
somiasis,'  by  Laveran  and  Mesnil ;  English  translation  brought  up  to  date  bj 
Nabarro. 

Trypanosoma  criceti  Liihe  1906. 

Synonym. — T.  rabinowitschi  Brumpt  1906. 

This  trypanosome,  which  is  very  like  T.  lewisi,  but  distinguished  by  nol 
being  transferable  to  the  rat,  was  found  in  the  hamster  (Cricetus  cricetus  L.) 
by  Koch  in  1881.  A  blood-sucking  louse  has  not  been  found  on  the  hamster, 
but  Pulex  fasciatus  Bosc  is  common. 

Trypanosoma  cuniculi  R.  Blanchard  1906. 
This  trypanosome  was  found  by  Jobjet  and  Nabios  in  189 1  in  the  rabbit  {Lepus 
cuniculus  L.),  in  which  it  causes  emaciation  and  perhaps  diarrhoea.  It  is 
very  similar  to  T.  lewisi,  but  smaller.  It  will  not  infect  white  rats  and  guinea- 
pigs,  but  it  can  be  cultivated.  It  is  suspected  that  Htematopinus  ventricosus 
Denny  and  Pulex  goniocephalus  Tasch  may  perhaps  have  something  to  do 
with  its  life-history. 

Trypanosoma  duttoni  Thiroux  1905. 

Button  and  Todd  in  1903  saw  a  flagellate  organism  in  the  blood  of  mice 
obtained  in  a  house  in  McCarthy  Island  on  the  Gambia  River,  but  they  con- 
sidered it  to  be  of  the  type  of  a  Herpetomonas  ;  but  in  1905  Thiroux  described 
a  definite  trypanosome  in  Mus  musculus  L.  in  Senegal  which  will  only  infect 
mice  of  all  kinds — e.g.,  M.  minutus  ,L.  (the  harvest-mouse) — and  it  is  pos- 
sible that  Button  and  Todd  saw  one  stage  of  its  development. 

A  number  of  interesting  researches  have  taken  place  with  this  trypano- 
some. Pricolo  found  that  it  could  pass  through  the  placenta  and  multiply 
in  the  fcetus,  in  which  he  describes  latent  forms  very  like  those  already  men- 
tioned in  T.  lewisi — i.e.,  which  resembled  Leishmania — having  only  a  rod- 
shaped  kinetonucleus  and  trophonucleus. 

Trypauosomes  were  found  in  fleas  caught  on  infected  animals,  but  they 
did  not  show  any  development. 

Trypanosoma  muscull  Kendall  1906. 
This  parasite  was  found  in  8  per  cent,  of  the  mice  examined  by  Kendall 
in  Panama.     It  was  non-pathogenic,  and  resembled  T.  lewisi,  but  differed 
in  not  being  capable  of  inoculation  into  rats. 

Trypanosoma  bandicottl  Lingard  1904. 
This  trypanosome  is  probably  not  the  same  as  T.  lewisi,  which  it  resembles 
in  being  pathogenic  to  guinea-pigs.     It  is  found  in  Nesokia  bandicotti  Bechst 
in  Bombay  and  the  Beccan. 

Trypanosoma  indicum  Liihe  1906. 
T.  indicum  is  found  in  the  Indian  squirrel  (Funambulus  palmarum  L.)  in 
Madras.     It  is  very  like  T.  lewisi,  and  only  slight  morphological  differences 
can  be  found. 
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Trypanosoma  blanehardi  Brumpt  1905. 

In  Myoxis  glis,  the  common  dormouse.  Like  T.  lewisi,  but  not  inoculable 
into  rats. 

Trypanosoma  myoxi  R.  Blanchard  1906. 

Found  by  Galli-Valerio  in  Muscardium  [Myoxis)  avellanarius  L.,  but 
nothing  much  is  known  about  the  parasite. 

Trypanosoma  pestanai  Bettencourt  and  Fran9a  1905. 
Found  in  Meles  taxus  Schreb,  the  badger,  in  Portugal.     It  is  non-pathogenic. 

Trypanosoma  vespertilionis  Battaglia  1905. 

Synonym. — Trypanosoma  dionisi  Bettencourt  and  Franga  1908. 

Dionisi  found  a  trypanosome  in  the  Italian  bat  (Miniopterus  schrenbersii) 
in  1899,  and  since  then  numerous  bats  have  been  found  to  carry  trypanosomes, 
and  also  they  can  be  inoculated  with  the  parasites  of  surra  and  mibori,  which 
produce  pathogenic  effects. 

T.  vespertilionis  has  been  found  in  bats  from  South  Italy  (Battaglia), 
Roman  Campagna  (Sambon),  Brazil  (Durham),  India  (Donovan),  North 
Africa  (Sergents) ,  and  from  Portugal  (Bettencourt  and  Franga) .  This  parasite 
has  been  investigated  by  Battaglia,  who  has  described  a  process  of  sporogony, 
and  has  shown  that  the  blood  filtered  through  a  Kitasato  filter  is  still  infectious. 

Trypanosoma  nicolleorum  Ed.  and  Et.  Sergent  1905. 

In  the  blood  of  Vespertilio  kuhli  Natt  and  V.  myotis  Bechst  in  Algeria  ;  not 
transmissible  to  mice,  rats,  or  rabbits. 

The  carrier  of  the  infection  is  not  known.  Durham  saw  trypanosomes  in 
Stegomyia  fasciata  which  had  fed  on  a  bat,  but  they  might  have  belonged  to 
the  mosquito.     Fleas  have  been  examined  without  success. 

Trypanosoma  minasense  Chagas  1909. 
This  trypanosome  was  found  by  Carini  and  Chagas  in  Brazil  in  a  marmos  et, 
Hapale  penicillata,  and  cultivated  by  Brumpt. 

Trypanosoi&a  elephantis  Bruce,  Hamerton  and  Mackie   1909- 
Found  in  the  elephant  in  Uganda  ;  resembles  T.  brucei. 

TRYPANOSOMES  OF  BIRDS. 
In  1845  Gros  found  trypanosomes  in  the  blood  of  goat-suckers  and  cranes, 
which  are  now  known  to  be  very  common  in  birds  ;  but  the  detection  in  blood - 


Fig.  85  —Trypanosoma  vittat^       Fig.  86.— Trypanosoma  leschenaultii 
Robertson   shows    the   Try-  Robertson, 

panosome  rolling  up  prior  to 
Division.  (From  drawings  by  Miss  Robertson.) 

films  is  not  easy,  as  the  parasites  are  few  and  far  between.     According  to 
Now  and  McNeal,  the  cultivation  method  is  much  better. 
Laveran  and  Mesnil  summarize  them  into  three  types  :  (i)  Trypanosomes  of 
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type  T.lewisi  in  rats  {T.  avium  minus)  ;  (2)  trypanosomes  of  type  oiT.rofatonum 
of  the  frog  ;  (3)  long  thin  trypanosomes  without  free  flagellum— distinct  type. 
A  few  examples  may  be  mentioned  :—T.  avium  Laveran  1903,  m  Syrmum 
aluco  L.,  the  wood-owl ;  T.  confusum  Liihe  1906,  in  Agelatus  phcemceus  L., 
and  other  North  American  birds;  T.  laverani  Novy  and  McNeal  1905,  m 
Astragalinus  tristis  L.,  North  America;  T.  padda  L.  and  Mesml  1904.  m  i'adda 
oryzivora,  the  Java  sparrow. 

TRYPANOSOMES  OF  REPTILES. 

Tortoises.— r.  damonia  Laveran  and  Mesnil  1902,  in  Damonia  reevesi,  an 
Asiatic  tortoise  ;  T.  vittatce  Robertson  1907  in  Emyda  vittata  in  Ceylon,  the 
intermediate  host  being  a  leech. 


Fig.  87. — Trypanosoma  pertenue  Fig.  88. — Trypanosoma 

Robertson.  rotatorum. 

(From  a  drawing  by  Miss  Robertson.)  (After  Button  and  Todd.) 

Lizaids. — T.  6o«e<«  Martin  1907,  in  Mahuia  raddonii  ;  T.  leschenauUii  Robert- 
son 1907,  in  Hemidactylus  leschenauUii,  in  Ceylon  ;  T.  pertenue  Robertson  1907, 
in  Hemidactylus  triedri  leschenaulti,  in  Ceylon. 

Ophidia. — T.  pythonis  Robertson  :  Mesnil  is  doubtful  whether  this  is  not 
a  haemoproteus,  while  Sambon  considers  that  it  is  a  haemogregarine  [H. 
mbertsoni) . 

TRYPANOSOMES  OF  FROGS. 

The  trypanosomes  of  frogs  were  discovered  by  Gruby  as  far  back  as  1842 
in  the  form  of  the  largest  trypanosome  known — i.e.,  T.  rotatorium. 
It  seems  probable  that  leeches  are  the  carriers  of  these  parasites. 

Trypanosoma  rotatorium  Mayer  1843. 

Synonyms. — Paramcecium  loricatum  seu  costatum  Mayer  1843,  Amoeba 
rotatoria  Mayer  1843,  Trypanosoma  sanguinis  Gruby  1843,  Manas  rotatoria 
Lieberkuhn  1870,  Undulina  ranarum  Ray  Lankester  1871,  Paramaecioides 
costatus  Grassi  1882. 

This  trypanosome  is  distinguished  by  its  pleomorphism,  having  two  main 
forms,  with  subdivisions  : 

1.  Flattened  Forms. — (a)  Single  flat  form;  (6)  the  folded  form;  (c)  th( 
plane  spiral. 

2.  Pectinated  Forms. — (a)   Pectinated  spiral  ;   (6)  the  cornucopial  form. 
It  is  found  in  Rana  esculenta  L.,  R.  temporaria  L.,  R.  speciosum  in  the 

Congo,  if.  trinodis  in  Gambia,  Hyla  aborea  L. 
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Trypanosoma  inopinatum  Ed.  and  Et.  Sergent  1904. 

Found  in  R.  esculenta  L.  in  Algeria.  It  is  very  like  T.  lewisi,  but  is  more 
stumpy.  It  is  spread  by  the  leech,  Helobdella  algim.  It  gives  rise  to  herpeto- 
monas  forms,  and  Brumpt  has  been  able  to  infect  frogs  by  the  bite  of  the 
infected  leeches.     It  is  also  inoculable. 

Trypanosoma  nelspruitense  Laveran  1904. 
Discovered  by  Theiler  in  R.  angolensis  Socage  and  in  R.  theileri  Mocquart. 

Trypanosoma  somalense  Brumpt  1906. 
In  Bufo  reticulatus  from  Somaliland. 

Trypanosoma  sp.  ? 

Found  by  Tobey  in  the  American  newt,  Dienycleitus  viridescens. 

TRYPANOSOMES  OF  FISH. 

In  1 84 1  the  first  known  trypanosome  was  found  by  Valentin  in  the  blood  of 
Salmo  fario,  the  brown  trout. 

Since  that  time  a  considerable  number  have  been  found  in  fresh-  and  salt- 
water fish  all  over  the  world.  As  examples  may  be  mentioned  T.  remaki 
Laveran  and  Mesnil  igoi,  which  exists  in  two  varieties — parva  and  magna — 
and  is  found  in  pike  ;  T.  rajce  Laveran  and  Mesnil  1902  in  Raja  punctata, 
and  is  thought  to  be  spread  by  a  leech — Pontobdella  muricata  ;  T.  sacco- 
branchi  Castellani  and  Willey  1905  in  Saccobranchus  fossilis  in  the  Lake  of 
Colombo,  Ceylon. 

Trypanosomes  have  been  found  in  eels.  Brumpt  in  1906  described  a 
number  of  new  species  in  different  kinds  of  fish,  and  recently  Zupitza,  in  1909, 
made  a  valuable  addition  to  the  knowledge  of  this  subject. 

TRYPANOSOMES  OF  INVERTEBRATA. 

Trypanosomes  belonging  to  the  species  and  not  due  to  the  sucking  of  con- 
taminated blood  have  been  found  in  the  tsetse-fly,  in  mosquitoes,  in  ticks, 
and  in  leeches. 

In  Tsetse-Flies. 

Trypanosoma  grayi  Novy. — This  parasite  has  either  a  long,  wide,  ribbon- 
like form,  with  a  short,  free  flagellum  and  an  undulating  membrane,  or  a 
herpetomonas-like  form.  It  is  found  in  Glossina  palpalis,  and  becomes 
encysted  in  the  proctodaeum,  the  flagellum  disappearing  into  a  pink-staining 
vacuole,  while  a  pink-staining  cap  spreading  from  the  hinder  pole  aU  round 
the  parasite  forms  an  irregular  cyst,  containing  cytoplasm,  a  nucleus,  and 
a  kinetonucleus.  It  is  possible  that  this  form  may  escape  with  the  faeces, 
and  infect  some  unknown  host  by  Minchin's  contaminative  type  of  infection. 

Trypanosoma  tullochi  Miuchin  1907. — This  parasite  closely  resembles 
r.  gambiense,  from  which  it  can  be  differentiated  by  the  central  round  nucleus 
and  the  small  centrosome.     It  is  also  found  in  G.  palpalis. 

In  Mosquitoes. 

T.  culicis  Novy  1907  is  found  in  various  Culicinae.  Novy  strongly  advocated 
the  view  that  the  trypanosomes  found  in  mosquitoes  which  Schaudinn  had 
fed  on  Athene  noctuce  infected  with  halteridium  should  be  defined  as  T.  noctua 
Schaudinn  1904,  a  parasite  of  Culex  pipiens,  and  the  same  for  T.  ziemanni 
Schaudinn  1904,  also  in  Culex  pipiens  ;  and,  further,  that  the  trypanosome 
found  by  Durham  in  Stegomyia  fasciata,  which  had  been  fed  on  bats,  should 
be  looked  upon  as  belonging  to  the  mosquito. 
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In  Ticks. 

T.  christophersi  Novy  1907,  found  in  RMpicephalus  sanguineus,  fed  or 
dogs. 

Remarks. — The  presence  of  the  Herpetomonas,  Crithidia  and  Trypanosoma 
in  blood-sucking  animals  may,  therefore,  be  peculiar  to  those  animals,  01 
only  acquired  from  their  hosts.  Hence  it  is  quite  possible  for  serious  errors 
to  arise  in  working  out  the  life-history  of  these  parasites,  especially  as  infectioii 
of  the  blood-sucker  may  come  from  the  eggs. 

(2)  Trypanoplasma  Laveran  and  Mesnil  igoi.    Emended  1904. 

Trypanosomidje  living  in  the  blood  and  alimentary  canal  of  vertebrates  with 
two  ilagella — one  projecting  anteriorly  and  the  other  running  posteriorly, 
and  raising  the  periplast  into  an  undulating  membrane.  Kiuetonucleus 
almost  as  large  as  the  trophonucleus.     Sporogony  in  the  Hirundinea. 

This  genus,  which  was  first  described  by  Laveran  and  Mesnil,  is  interesting, 
first,  because  it  shows  definitely  an  anterior  flagellum,  which  has  disappeared 
in  most  trjrpanosomes,  and  a  posterior  flagellum,  which,  like  all  trjrpano- 
somes,  carries  the  undulating  membrane  ;  secondly,  because,  according  to 
Leger  and  Keysselitz,  members  of  this  genus  are  parasitic  in  the  alimentary 
canal  of  fish,  and  not  in  the  blood. 

The  body  of  a  trypanoplasma  is  flattened,  and  often  curved,  with  the 
concave  side  thicker  than  the  convex,  to  which  the  undulating  membrane  is 
attached.     The  body  is  soft  and  of  changing  form. 

At  the  junction  of  the  anterior  and  middle  thirds  of  the  body  can  be  seen 
two  masses  of  chromatin.  The  one  on  the  convex  side  is  the  trophonucleus, 
and  the  other  on  the  concave  side  the  elongated  kiuetonucleus,  in  front  of 
which  are  two  small  chromatic  granules,  one  of  which  gives  rise  to  an  anterior 
flagellum,  which  becomes  free  at  once,  and  the  other  a  posterior,  which, 
turning  backwards,  runs  the  whole  length  of  the  cytoplasm,  raising  the 
periplast  into  an  undulating  membrane. 

Division  is  longitudinal,  the  kiuetonucleus  dividing  first,  and  then  the 
flagella. 

Often  Trypanoplasmata  show  seasonable  variation,  the  infection  being  more 
intense  in  hot  weather.  They  are  evidently  pathogenic,  producing  anasmia 
associated  with  serous  fluid  in  the  peritoneum,  pericardium,  and  oedema  of 
the  organs. 

The  parasite  appears  to  be  spread  by  leeches,  ih  which  the  sexual  forms 
conjugate  by  a  fusion  of  nuclei,  after  reduction,  and  of  the  cytoplasm,  from 
which  results  an  ookinete  possessing  a  trophonucleus  and  a  kinetonucleus. 

These  ookinetes  give  rise  to  male,  female,  and  indifferent  forms  of  trypano- 
somes,  which  multiply  abundantly.     Parthenogenesis  may  occur. 

Brumpt  infected  fish  by  the  bite  of  leeches,  but  KeysseUtz  failed  with 
Pisciola  geometra,  and  it  is  hardly  surprising,  for  he  describes  the  leech  as 
becoming  ill,  with  swelling  of  the  clitellar  region,  alteration  in  colour  and 
activity,  and  finally  death,  thus  showing  that  this  leech  could  hardly  be  the 
usual  definitive  host.  He  has  already  noted  the  initial  stages  in  Hirudo 
medicinalis.  Another  genus  of  leech  which  spreads  these  parasites  is  Hemi- 
clepsis. 

With  regard  to  classification,  Keysselitz  is  of  the  opinion  that  all  so  far 
described  species  should  be  considered  to  belong  to  one  species — Trypano- 
plasmaborreli  L.  and  M. 

Trypanoplasma  borreli  L.  and  M.  1901. 
In  the  blood  of  Leuciscus  erythrophthalamus  (the  rudd)  and  Phoxinus  IcBvis 
(the  minnow) ,  and  in  the  alimentary  canal  of  the  leech  Pisciola  geometra,  and 
perhaps  in  Hirudo  medicinalis. 

Trypanoplasma  cyprini  Plehn  1903. 
In  Cyprinus  carpio. 


TRYPANOPLASMA 

Trypanoplasma  intestinalis  Leger  1905. 

This  trypanoplasm  is  very  important,  because  it  was  found  in  the  cesoDha?i,s 
and  anterior  part  of  the  stomach  of  Box  hoops,  a  salt-water  fish      "''"P'^^S"' 

It  IS  the  first  trypanosome  described  as  existing  outside  the  blood  Tn 
addition  to  typical  forms,  L6ger  describes  globular  parasites  w^?h  three 
on:Tf°rS:t:r  ^  ^-^^^^-^^^  -^^-l^ting  membLne.  whic^r^en^^^: 

Witt  mlletoms.'^""  *°  ^^  ^'°'''^'  ^°'°'''  ^°^  '^^^  *^^*  ^^  ^^  ^««"  conjugation 

Trypanoplasma  ventriculi  Keysselitz  1906. 
tr  ™n^^  i"""*^  ^"  ^''^  intestine  of  Cyclopterus  lumpus,  and  is  apparently  a  typical 
Trypanoplasma  varium  Leger  1904. 
In  Cobitis  barbatula  (loach),  and  in  Hemiclepsis  marginata. 

Trypanoplasma  guernei  Brumpt  1905. 
In  Cottus  globio,  and  develops  in  Pisciola. 

Trypanoplasma  barbi  Brumpt  1905. 
In  Barbus  ftuviatilis,  and  in  the  leech  (Pisciola). 

Trypanoplasma  abramidis  Brumpt  1905. 
In  the  bream  {Abramis  brama)  and  the  leech  {Hemiclepsis). 

Trypanoplasma  truttsB  Brumpt  1905. 
In  Saltno  fario,  and  perhaps  in  Pisciola. 

(3)  Trypanophis  Keysselitz  1904. 

Tyypanosomidts  in  Ccelenteraia,  with  two  flagella,  an  anterior  and  a  posterior. 
The  kinetonucleus  is  situated  anteriorly,  and  is  much  smaller  than  the 
trophonucleus. 

Trypanophis  grobbeni  Poche  1903. 

In  the  gastral  cavity  of  different  Siphonophora.     The  parasite  is  curved 
somewhat,  like  atrypanosome. 

(4)  Endotrypanum  Mesnil  and  Brimont  1908. 

The  characters  of  this  genus  are  intermediate  between  those  of  Trypanosoma 
and  Haemogregarina. 

End.  sehaudinni  Mesnil  and  Brimont  1908. 
Found  in  a  sloth;  endoglobular,  elongated  (8  to  11  y),  terminating  in  a 
filamentj  with  kinetonucleus  and  trophonucleus  present. 

Family  4.  HERPETOMONiDiE. 

Definition. — Encystina  with  a  well-developed  flagellum  in  some 
stage  of  the  life-history,  but  with  the  undulating  membrane  either 
rudimentary  Or  absent.  The  kinetonucleus  is  situate  posterior  to 
the  trophonucleus,  and  remains  in  this  position.  Schizogony  takes 
place  by  longitudinal  division,  but  sporogonyis  as  yet  not  fully  known. 

This  family  is  very  closely  allied  in  some  of  its  forms,  especially 
Crifhidia  and  Herpetomonas,  to  the  Trypanosomidae,  for  Miss 
Robertson,  in  her  paper  on  a  flagellate  in  the  intestinal  tract  of 

18 
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Pontohdella  muricata,  describes  a  parasite  which  in  its  earlier  stages 
is  like  a  Herpetomonas  and  a  Crithidia,  and  then  becomes  a  true 
trypanosome. 

Patton  has  recently  shown  how  closely  allied  the  parasite  of 
kala-azar  is  to  a  Crithidia,  and  the  definite  discovery  of  flagellated 
forms  of  Babesia  indicate  that  it  also  is  related  to  these  genera. 

There  is  also  the  genus  Achromaticus,  created  by  Dionisi  for  a 
parasite  in  the  noctule :  The  genera  are  therefore :— (i)  Herpetomonas ; 
(2)  Leptomonas;  (3)  Crithidia;  (4)  Leishmania;  (5)  Toxoplasma; 
(6)  Babesia;  (7)  Achromaticus;  possibly Histoplasma  (p.  338)  should 
also  be  included. 

Herpetomonas  Kent  1878. 

Elongated,  rod-like  Herpetomonidae  with  a  single  flagellum. 
The  kinetonucleus  is  situated  near  the  posterior  end,  so  that  the 
flagellum  is  not  attached  to  the  side  of  the  body,  but  becomes  free 
at  once  and  projects  posteriorly.  There  is  no  undulating  membrane. 
The  contractile  vacuole  is  situate  quite  close  to  the  posterior  extremity. 

The  trophonucleus  lies  about  the  middle  of  the  parasite,  and  pos- 
sesses an  achromatic  substance  with  chromatic  granules  interspersed. 
The  anterior  end  is  tapering. 

The  species  of  Herpetomonas,  though  not  parasitic  in  human 
beings,  are  important  to  the  student  of  tropical  medicine,  as  they 
are  parasitic  in  insects.  Thus,  Herptomonas  muscce-domesticce  Burnett 
is  parasitic  in  the  intestinal  canal  of  8  per  cent,  of  the  house-flies 
(Prowazek)  ;  Herpetomonas  (Crithidia)  minuta  Leger  is  parasitic  in 
Tdbanus  tergestinus,  and  is  intermediate  between  a  true  Herpeto- 
monas with  a  long,  tapering,  posterior  extremity,  and  a  Crithidia 
with  a  round,  thick,  posterior  extremity,  and  its  kinetonucleus  may 
lie  near  the  trophonucleus. 

There  is  considerable  difference  of  opinion  concerning  the  status 
of  the  Herpetomonidae  at  the  present  moment.  A  number  of  ob- 
servers, including  Leger  and  Sambon,  look  upon  them  as  merely 
stages  in  the  life-history  of  trypanosomes  ;  while  others,  such  as 
Novy,  McNeal,  Ross,  and  Patton,  hold  that  they  are  probably 
distinct  from  the  blood  trypanosomes.  Woodcock,  however,  is 
probably  correct  when  he  says  that  those  with  trypaniform  char- 
acters will  probably  be  found  to  be  stages  in  the  life-cycle  of  trypano- 
somes, while  the  more  typical  herpetomonads  wUl  probably  be  found 
to  be  separate  and  distinct  from  these  parasites. 

In  other  words,  the  forms  found  in  blood-sucking  flies,  leeches,  etc., 
may  be  stages  in  the  life-cycle  of  a  trypanosome,  and  those  found 
in  non-blood-sucking  flies,  and  perhaps  those  found  in  larvae,  may 
(though  it  is  open  to  question  in  the  larvas  of  blood-suckers)  belong  to  a 
truly  separate  genus.  The  life-history  of  these  forms  has  been  mainly 
studied  by  Prowazek  and  Patton,  whose  results  differ  remarkably. 

Prowazek,  in  H.  muscce-domesticce,  describes  asexual  reproduc- 
tion by  longitu dinar  division,  in  which  the  trophonucleus  divides 
first,  then  the  kinetonucleus,  and  lastly  the  flagellum  ;  while  Patton 
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conjugation,  which  Patton 
fails  to  find.  Prowazek 
describes  encystment,  and 
considers  that  the  infection 
is  carried  by  the  faeces,  with 
which  latter  statement  Patton 
agrees.  Prowazek  describes 
the  male  and  female  para- 
sites penetrating  into  the 
eggs  of  the  fly,  and  under- 
going therein  an  autogamy 
by  etheogenesis,  in  which 
the  kinetonucleus  carries  out 
the  development ;  by  parthe- 
nogenesis, in  which  the  tro- 
phonucleus  is  active ;  and  by 
an  indifferent  type,  in  which 
both  nuclei  participate. 
There  are,  however,  many 
transitional  forms  between 
these  stages.  Patton's  de- 
scription of  the  life-cycle  is 
quite  different,  and  resembles 
that    which    he    has 


Fig.  89. — The  Life-Cycle  of  Herpeto- 
monas  musc^-domestic«  burnett. 

(After  Patton.) 
I,  Fully  developed  parasite  ;  2-5,  stages 
of  encystment ;  6,  encysted  or  preflagellate 
form  ;  73-83,  multiplication  of  the  pre- 
flagellate form  by  simple  division  ;  yb-Sb, 
multiple  division  ;  9,  young  flagellate  stage  ; 
10,  other  form;  11,  longitudinal  division 
commencing. 


given 

for  Crithidia  gerridis.      He  further  supports  this  hfe-cycle  by  his 
previous  description  of  a  herpetomonas  in  Culex  pipiens. 

Other  Species. — H.  jaculum  L6ger  1902,  in  the  adults  and  larvae  of  Nepa 
cinerea  ;  H.  gracilis  Leger  1902,  in  the  Malpighian  tubules  of  the  larvae  of 
Tanypos :  H.  lesnei  Leger  1903,  in  the  mid  gut,  near  the  Malpighian  tubules, 
of  Dasyphora  pratorum  ;  H.  subulata  Leger  1903,  in  the  gut  of  Tabanus 
glaucopis  and  H tsmatopota,  italica  Meig  ;  H.  sarcophagcs  Prowazek  1904,  in 
the  gut  of  Sarcophagus  haimorrhoidalis  ;  H.  bombycis  Levaditi  1905,  etc. 

Leptomonas  Saville-Kent  i88o. 
Synonym. — Pkytomonas  Donovan  1909. 

Herpetomonidae,  with  a  single  long  flagellum  inserted  far  posteriorly,  and 
without  undulating  membrane. 

L.  butschlii  SavUle-Kent  1880. 
In  Trilobius  gracilis. 

L.  pyenosomsB  Roubaud  1904. 
In  Pyenosoma  putorium  Wiedmann,  in  Africa. 

I4.  davidi  Lafont  1909. 
In  Euphorbia  pilulifera,  in  Mauritius,  Ceylon,  and  Reunion. 

Crithidia  Leger  1902. 

Herpetomonidce,  in  which  the  schizont  is  characterized  by  an 
attenuated  posterior  end,  to  which  the  flagellum  is  attached  by  a 
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rudimentary  undulating  membrane.   'The  kinetonucleus  is  situated 
close  to  the  trophonucleus,  but  never  anterior  to  it. 

In  igo2  Leger  created  this  genus  for  a  flagellate  organism  which 
he  found  in  the  alimentary  canal  of  Anopheles  macuUpennis,  and 
in  1908  Patton  worked  out  the  life-history  of  C.  gerridis. 

Crithidia  gerridis  Patton  1908. 

This  flagellate  is  a  parasite  in  Gerris  fossarum  Fabr  and  in  a  species 
of  Micro velia,  and  a  water-bug  allied  to  Perillopus  found  in  Madras. 


Fig.  90. — The  Life-Cycle  of  Crithidia  gerridis  Patton.      ,    j 
(This  is  a  diagram  constructed  from  Captain  Patton's  drawings.) 
14,  Crithidial  form;  15,  very  slender  forms;   16-18,  rounded  forms  losing 
their  flagella  ;   19-3,  prefiagellate  round  forms,  gradually  increeisiug  in  size; 
4,   5,  formation  of  the  flagellum  ;  6-8,  division;   10,  agglomeration;  11-13, 
division. 

The  flagellate  is  found  in  the  crop  of  the  insect  as  a  round,  oval, 
or  pear-shaped  body,  4  to  6  /u  in  length  and  3  to  4  /*  in  breadth,  in 
which  lie  a  circular  trophonucleus  and  a  rod-shaped  kinetonucleus. 
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The  parasite  grows  and  becomes  vacuolated,  showing,  when 
coloured,  a  small  pink  staining  area  between  the  kinetonucleus  and 
the  periphery,  which  later  becomes  a  distinct  pink  rod,  and  is  a 
rudimentary  flagellum  attached  by  a  rudimentary  undulating  mem- 
brane to  the  cell.  This  membrane  shows  as  a  faint  pink  band 
between  the  flagellum  and  the  body  of  the  parasite. 

Later  the  flagellum  can  be  seen  arising  from  an  achromatic  area, 
the  blepharoblast,  close  to  the  kinetonucleus,  and  running  along  the 
periphery  of  the  parasite. 

The  kinetonucleus  increases  in  size,  and  the  trophonucleus  shows 
its  chromosomes,  while  chromatic  particles  appear  in  the  cytoplasm. 

The  kinetonucleus  now  approaches  the  trophonucleus,  and 
elongates  and  divides,  while  the  flagellum  thickens  and  splits  longi- 
tudinally, so  that  there  are  two  kinetonuclei  and  two  flagella. 

The  trophonucleus  and  the  cytoplasm  now  divide,  so  that  two 
daughter  cells  are  formed,  which  in  turn  divide,  forming  rosettes  of 
eight  to  forty  or  more  cells,  measuring  6  to  lo  /u  in  length  by  4  to  8  /* 
in  breadth. 

Eventually  the  rosettes  break  up,  and  the  rounded  parasite  has 
a  central  nucleus  and  a  kinetonucleus  at  one  side,  and  from  a  point 
close  to  this  a  flagellum  passes  round  its  circumference,  giving  it  an 
undulating  contour.  The  parasite  elongates,  and  the  posterior 
end  is  drawn  out  along  the  flagellum;  the  length  is  now  15  to  45  is  and 
the  breadth  2  to  4  /^.     They  are  often  found  agglomerated  together. 

Longitudinal  division  now  takes  place  rapidly,  and  the  parasites 
pass  down  the  intestinal  tract  and  shorten,  until  they  become  round 
bodies  with  long  flagella.  A  change  then  takes  place,  the  flagellum 
becoming  absorbed  and  finally  detached,  and  the  parasite  appearing 
as  a  rounded  body  with  a  tropho-  and  a  kinetonucleus.  The  life- 
history  is  completed  by  the  bodies  being  discharged  with  the  faeces 
into  the  water,  and  so  taken  up  by  a  new  host.  The  ovaries  and  eggs 
were  not  infected.  This  is  an  excellent  example  of  Minchin's  con- 
taminative  method  of  infection. 

Crithidia  melophagia  Flu  190S. 

Flu  has  described  Crithidia  melophagia  in  Melophagus  ovinus, 
a  parasite  of  the  sheep.  He  gives  an  account  of  asexual  and 
sexual  reproduction.  The  latter  is  characterized  by  a  process  of 
reduction,  followed  by  conjugation  with  the  formation  of  an  ookinete 
and  the  infection  of  the  eggs  of  the  insect,  which  may  cause  a  second 
generation  of  flies  to  carry  the  organism  (Fig.  75). 

Other  Species. — C.  fasciculata  Leger  1902,  in  the  intestines  of  females  of  the 
species  Anopheles  maculipennis  and  in  Culex  fatigans  Wied.  ;  C.  campanulata 
Leger  1003,  in  the  intestine  of  Chironomus  plumosus  ;  C.  minuta  Leger  1903  : 
this  paiisite  is  found  in  Tahanus  tergestinus,  and  is  characterized  by  having 
a  thick  rounded  end. 

Leishmania  Ross  1903. 

Synonyms. — Piroplasma  Laveran  and  Mesnil  1903,  Helcosoma 
Wright  1903,  Herpetomonas  Rogers  1904. 


Definition. — Herpetomonidse,  living  principally  in  endothelial 
cells,  but  also  found  in  leucocytes  and  in  the  peripheral  blood  of 
mammals  as  small,  oval,  cytoplasmic  masses  with  tropho-  and 
kinetonuclei,  and  developing  into  flagellate  bodies  in  cultures. 

Three  species  are  known  in  man,  morphologically  similar,  but 
pathogenetically  different :  Leishmania  donovani  Ross  1903,  L. 
tropica  Wright  1903,  and  L.  infantum  NicoUe  1908. 

Leishmania  donovani  Laveran  and  Mesnil  1903. 

In  1900,  when  examining  a  film  taken  post  mortem  from  a  case 
of  Dum  Dum  (a  place  near  Calcutta)  fever.  Colonel  Sir  William 
Leishman  saw  a  large  number  of  small  oval  bodies,  each  of  which 
contained  a  large  and  a  small  chromatin  mass. 

It  was  not  until  May,  1903,  that  he  published  an  account  of 
these  parasites,  suggesting  that  they  might  be  trypanosomes,  and 
might  possibly  be  the  cause  of  similar  anomalous  cases  of  so-called 
malarial  fever. 

In  July,  1903,  Major  Donovan  reported  that  he  found  bodies 
similar  to  those  described  by  Colonel  Leishman  in  blood  taken  from 
cases  during  life  by  splenic  puncture. 

In  July,  1904,  Rogers  announced  that  he  had  succeeded  in 
observing  the  development  of  these  parasites  into  flagellates,  by 
cultivating  the  blood  taken  from  the  spleen  of  a  case  of  kala-azar,  in 
sterile  citrate  of  sodium  solution  incubated  at  22°  C.  Christophers, 
in  1904,  considerably  added  to  our  knowledge  of  these  parasites, 
and  Patton,  in  1906  and  1907,  showed  that  they  were  not  merely 
found  more  commonly  in  the  leucocytes  of  the  peripheral  blood  than 
had  been  previously  believed,  but  that  they  could  develop  into 
typical  flagellates  in  the  bed-bug,  Cimex  rotundatus  Signoret  1852 
(which  is  the  same  as  C.  macrocephalus  Fieb). 

The  present  state  of  the  knowledge  with  regard  to  this  parasite 
is  that  it  is  generally  believed  to  be  the  cause  of  the  disease  called 
tropical  splenomegaly,  or  kala-azar ;  and  that  it  is  probably  spread 
by  means  of  some  insect ;  the  particular  carrier  is  not  known. 

Geographical. — ^The  parasite  is  known  to  occur  in  India,  Ceylon, 
China,  Arabia,  Egypt,  and  the  Sudan,  and  many  parts  of  Africa. 

The  Parasite. — ^The  parasite  is  round,  oval,  or  pyriform  in  shape, 
measuring  2  to  35  ^  in  length  by  1-5  to  2  /x  in  breadth,  with  a  gran- 
ular cytoplasm  containing  two  chromatic  masses  :  the  larger,  more 
rounded,  stains  shghtly ;  the  smaller,  rod-shaped,  stains  deeply. 
From  the  latter  a  linear  structure  (Novy  and  Mesnil's  rhizoplast) 
runs  tothe  acute  end.     A  vacuole  is  also  often  present. 

Distribution  in  the  Body. — ^The  parasites  are  found  sometimes  in 
large  numbers  in  endothehal  cells  in  the  capillaries  of  the  liver, 
spleen,  bone-marrow,  lymphatic  glands,  and  mucosa  of  the  intestine, 
in  the  blood  from  the  femoral,  portal,  and  hepatic  veins,  and  more 
rarely  in  the  circulating  blood  shortly  before  death. 

Parasites  liberated  from  the  large  cells  are  apparently  taken  up 
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by  mononuclear,  polynuclear,  and  rarely  eosinophile  leucocytes  and 
may  be  occasionally  seen  in  films  obtained  from  the  finger  even  in 
early  stages  of  the  disease,  though  more  frequently  near  the  end 


Fig.  91. — ^Leishmania  donovani  Laveran  and  Mesnil. 

I,  Free  binucleate  forms  (after  Christophers) ;  2,  endothehal  cell  and  leuco- 
cytes containing  parasites  (after  Christophers)  ;  3,  capillary  in  the  liver, 
showing  endothelial  cells  containing  parasites  (after  Christophers)  ;  4,  two 
parasites  escaping  from  a  leucocyte  in  the  alimentary  canal  of  the  bug  (after 
Patton)  ;  5,  further  development  in  the  bug  (after  Patton)  ;  6,  Flagellate  forms 
in  the  bug  (after  Patton)  ;  7-1 1,  culture  forms  (after  Leishman) ;  7,  8,  9  show 
the  development  of  the  flagellum. 

Treutlein  has  stated  that  the  parasite  is  to  be  also  found  in  red 
blood  cells. 

Schizogony. — Multiplication  in  man  takes  place  by  simple  binary 


fission  and  by  multiple  division  into  three  or  more  bodies.     Divi- 
sion begins  at  the  broad  end,  but  cytological  details  are  still  wanting. 

Development  in  the  Bug.— According  to  Patton  the  parasites  are 
ingested  by  the  bug  enclosed  in  the  large  cells  or  leucocytes  as 
just  mentioned,  and  develop  into  fully  flagellated  forms  vi^ithout 
reference  to  the  temperature  of  the  external  air. 

The  first  change  begins  usually  by  an  increase  in  size  up  to  4  to 
7  yu  and  a  vacuolation  of  the  cytoplasm  on  the  second  day,  but 
may  be  deferred  for  several  days. 

The  single  parasite  may  proceed  directly  to  flagellation  by  the 
appearance  of  an  area  stained  bright  pink  by  Giemsa,  and  called '  the 
flagellar  vacuole.'  This  vacuole,  which  has  a  dark  centre,  rapidly 
increases  in  size  up  to  i  to  3  jj.,  and,  passing  to  the  surface,  sends  out 
a  small  pink  brush,  which  forms  the  flagellum  by  merely  growing 
longer.  There  appears  to  be  no  doubt  that  the  flagellum  forms  in 
this  vacuole,  and  is  not  directly  connected  with  the  kineto-nucleus. 

The  flagellate  form  has  a  dark  blue,  granular  cytoplasm  with  a 
circular  trophonucleus,  which  stains  deeply  in  the  centre,  and  a 
kinetonucleus  lying  across  the  long  diameter,  and  situated  near  the 
trophonucleus,  and  possessing  a  long  flagellum  consisting  of  a 
number  of  filaments  adhering  closely  together,  inserted  into  a  pale 
area  near  the  kinetonucleus. 

These  parasites  may  divide  into  two  equal  or  unequal  flagellate 
forms,  and  apparently  may  go  on  so  dividing  for  a  length  of  time. 

Instead  of  proceeding  directly  to  flagellation,  the  parasite  may 
show  a  division  of  its  nuclei  into  two,  with  the  formation  of  two 
flagella,  and  then  division  into  two  flagellate  parasites,  or  the 
nuclei  may  multiply  without  division  of  the  cytoplasm,  so  that  forms 
containing  four  to  eight  nuclei  may  be  found  together,  which 
eventually  break  up  into  separate  flagellate  forms. 

Leishmania  tropica  Wright  1903. 

Synonyms. — Helcosoma  tropicum  Wright  1903 ;  Crithidia  Cunning- 
hami  Carter  1909. 

This  parasite  was  described  by  Wright  as  being  found  in  cases 
of  Oriental  sore,  and  later  Maitinowski  and  Bognoff  found  the 
same  parasites  in  Bouton  d'Alep.  It  is  believed  by  some  that  "this 
parasite  was  first  described  by  Cunningham  in  1885,  and  more 
completely  studied  by  Firth,  who  called  it  Sporozoon  furuncidosum 
Firth  1891 ;  if  this  is  so,  the  correct  name  of  the  parasite  should 
be  L.  furunculosa  Firth  1891. 

It  was  specially  investigated  in  1905  by  James  in  Delhi  sore, 
Lahore  sore,  and  Frontier  sore.  Nicolle  has  obtained  cultures  of 
the  parasite  on  the  McNeal-Novy  medium,  and  Carter  describes 
sexual  forms.  It  differs  in  no  morphological  respect  from  I. 
donovani,  but  only  produces  a  local  sbre.  Carter,  Balfour,  and 
Nattan-Larrier  believe,  in  our  opinion  correctly,  that  there  are 
several  varieties  or  species  included  under  the  term  L.  tropica. 
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Leishmania  Infantum  NicoUe  1908. 

Pianese,  and  later  Nicolle,  have  found  parasites  resembling 
I.  donovani  m  cases  of  febrile  splenic  anaemia  in  children  in  Italy 
and  North  Africa.  Both  consider  it  to  be  a  different  species  from 
L.  donovam,  and  Nicolle  has  given  it  the  name  of  L.  infantum,  and 
has  cultivated  it  on  blood  agar,  on  which  it  assumes  the  appearance 
of  a  herpetomonas. 

He  has  succeeded  in  reproducing  the  disease  in  monkeys,  and  less 
typically  in  dogs,  which  are  also  found  naturally  infected,  and,  in 
his  opinion,  may  be  the  natural  reservoir  of  the  parasite. 

Leishmania  tarciminosa  Rivolta  1873. 
Oval  or  roundish  bodies,  with  double  contoured  membrane  and  one  or  two 
chromatic  masses,  found  in  the  leucocytes  of  horses  suffering  from  lymphangitis 
by  Rivolta,  and  thought  to  be  a  Cryptococcus ,  but  now  considered  by  Galli- 
Valerio  to  be  a  Leishmania,  though  Gasperini,  probably  correctly,  considers 
them  to  constitute  a  new  genus,  Lymphosporidium  farciminosum  Rivolta. 

Toxoplasma  Nicolle  and  Manceaux  1908. 
Definition. — Parasites  resembling  Leishmania,  but  possessing  only  one 
central  chromatic  mass.  In  shape,  crescentic,  oval,  or  reniform.  Reproduc- 
tion by  longitudinal  division.  Found  in  mononuclear  and  polymorphonuclear 
cells  in  the  spleen  and  other  organs.  Attempts  at  cultivation  have  so  far 
failed. 

Toxoplasma  gondii  Nicolle  and  Manceaux  1908. 

Endoleucocytic  crescentic  parasites  6  to  7  /i  by  3  to  4  // ,  found  in  the  spleen 
and  other  organs  of  Ctenodactylus  gondii. 

Toxoplasma  cuniculi  Splendore  1909. 

Found  by  Splendore  in  the  spleen  and  other  organs  of  the  rabbit,  in  which  it 
produces  lesions  resembling  kala-azar.  Shape,  oval  or  reniform  ;  length, 
S  to  8  fi  ;  breadth,  2'S  to  4  fi. 

Babesia  Starcovici  1893. 

Synonyms. — Hcematococcus  Babes  1888  {non  Agardh),  Pyrusoma  Smith  and 
Kilborne  1893  {non  Peron),  Ixodioplasma  Schmidt  1904,  Apiosoma  Von 
WandoUek  1875  {non  Blanchard  1855),  Piroplasma  Patton  1895,  Amcebo- 
sporidium  Bonome  1895. 

Herpetomouidse  with  a  flagellate  stage,  which  is  at  present  but  little  known. 
Schizogony  takes  place  in  the  red  corpuscles  by  a  process  of  gemmation, 
giving  rise  to  rounded  or  pyrif orm  merozoites.  Sporogony  is  not  well  known, 
but  takes  place  in  ticks.  The  life-cycle  can  hardly  yet  be  said  to  be  thoroughly 
understood,  for,  as  Breinl  and  Hindle  and  Miyajima  have  shown,  there  is  a 
flagellate  stage,  and  any  complete  life-cycle  should  apparently  contain  some 
such  stage.  This  flagellate  stage  is  of  importance  in  indicating  that  the 
Babesia  belong  to  the  Binucleata,  and  are  related  to  the  Trypanosomidse 
and  Herpetomonidse. 

The  best  -  studied  species  is  Babesia  canis,  whose  life  -  history  will  be 
described. 

Babesia  canis  Plana  and  Galli  Valerio  1895. 

Synonym. — Piroplasma  canis  P.  and  G.  V.  1895. 

In  1895  Plana  and  Galli  Valerio  found  a  characteristic  hasmatozoon  in  the 
red  blood-corpuscles  of  a  dog  which  was  infested  by  ticks  (Ixodes  reduvius  L.), 
and  which  was  suffering  from  fever,  weakness,  and  slight  jaundice,  after 
having  hunted  in  marshy  localities.  This  haematozoon  occupied  3  to  4  per 
cent,  of  the  corpuscles,  and  also  occurred  free  in  the  plasma.     In  the  cor- 
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puscles  the  parasite  appeared  as  pyrif orm  bodies,  as  many  as  two,  three,  four, 
or  five  in  one  corpuscle,  and  showed  amoeboid  movement.  The  dog  m  question 
recovered,  but  in  other  dogs  the  post-mortem  showed  fluid  blood,  congested 
liver  and  spleen,  with  icteric  staining  of  the  tissues  and  necrotic  toci  m  the 
omentum  near  the  pancreas.  Other  symptoms  noted  by  them  m  dogs 
were  haemoglobinuria,  anorexia,  prostration,  and  emaciation.  .        v 

In  1899  Hutcheon  described  the  disease  caused  by  this  parasite  as  '  mahg- 
nant  jaundice  '  or  '  biUous  fever  '  in  dogs.  It  is  also  known  as  '  mahgnant 
malaria,'  '  hondziekt6,'  and  '  malarial  fever,'  and  is  said  to  have  often  been 
mistaken  for  distemper.  The  disease  is  by  no  means  uncommon  in  dogs  in 
the  tropics,  and  should  be  called  '  canine  babesiasis.' 

Geography. — It  is  known  in  Europe,  especially  in  Lombardy  and  other 
parts  of  Italy  ;  also  in  France.  In  Africa  it  is  found  in  South  Africa,  East 
Africa,  Senegal,  and  other  parts  of  West  Africa,  and  also  in  North  Africa, 
including  Egypt.  Nuttall  suggests,  however,  that  the  African  Babesia  may  be 
different  from  the  European.     In  Asia  it  is  found  in  India  and  Ceylon. 

Place  and  Season. — It  appears  to  be  more  common  in  coast  towns  and 
districts,  and  less  common  in  higher  inland  places.  It  appears  to  have  a 
seasonal  variation,  but  this  is  not  properly  understood. 

The  Parasite. — The  Hfe-cycle  in  the  dog  has  been  most  carefully  studied  by 
Nuttall  and  Graham-Smith. 

In  the  fresh  blood  it  is  noted  that  the  infected  corpuscles  are  pale  and 
enlarged,  and  contain  irregular,  dark-coloured,  pear-shaped  bodies,  possessing 
a  central  refractive  portion.  Amoeboid  or  globular  non-motile  bodies  may 
be  noted,  and  also  many  free  forms. 

In  specimens  stained  by  Leishman's  method  the  parasites  seem  to  consist 
of  a  blue-coloured  cytoplasm,  with  a  dehcate  vacuolated  or  trabecular  struc- 
ture centrally,  but  more  condensed  around  the  periphery.  This  cytoplasm 
may  contain  a  single  homogeneous  nucleus,  which  has  a  vivid  red  colour,  and 
is  often  connected  by  a  thin  strand  with  a  loose  mass  of  chromatin,  which  is 
situated  near  the  blunt  end.     The  parasite  contains  a  vacuole. 

Schizogony. — A  free  pjrriform  parasite  (pyriform  stage)  enters  a  normal 
red  blood-corpuscle  and  becomes  rounded  (ring  stage)  in  shape,  while  the 
loose  mass  of  chromatin  is  drawn  near  to  the  original  nucleus,  where  it  con- 
denses. Finally  it  fuses  with  that  nucleus,  forming  a  single  chromatin  mass. 
The  parasite  now  throws  out  pseudopodia  and  appears  as  an  amoeba 
(amoeboid  stage),  and  the  chromatin  subdivides  into  two  unequal  masses, 
connected  with  a  thin  strand. 

This  amoeboid  stage  lasts  for  a  long  time,  at  the  end  of  which  the  parasite 
enters  upon  a  quiescent  stage,  in  which  the  vacuole  appears  in  a  subcentral 
position,  and  the  chromatin,  which  lies  along  its  margiu^  has  its  two  masses 
widely  separated,  though  still  connected  by  the  thin  strand  already  referred 
to.  The  smaller  mass  has  divided  into  two,  making  in  all  three  masses  of 
chromatin  connected  together  by  chromatin  strands. 

Two  small  symmetrical  processes  of  cytoplasm  protrude  from  the  parasite 
iu  the  neighbourhood  of  the  two  small  chromatin  masses,  which  they  carry 
with  them. 

The  processes  enlarge  at  the  expense  of  the  rest  of  the  cytoplasm,  and  the 
vacuole  divides,  and  the  so-called  trefoil  stage  is  reached,  in  which  the  mcdn 
mass  of  the  chromatin,  much  reduced  in  size,  lies  at  the  base  of  the  two 
processes. 

The  single  strand  connecting  the  two  smaller  chromatin  particles  has 
shortened  and  disappeared,  so  that  the  strand  of  each  small  mass  now  rises 
directly  from  the  principal  chromatin  mass.  This  now  divides  into  two 
nuclei,  connected  by  a  strand,  while  the  cytoplasmic  processes  become  large. 
Finally,  the  cytoplasm  divides,  and  two  pjnriform  parasites  are  found  lying 
side  by  side  in  one  corpuscle,  an  arrangement  considered  typical  of  a  babesia. 
In  each  parasite  is  a  vacuole,  and  a  principal  chromatic  nucleus  situated 
near  the  pointed  extremity,  from  which  a  tail  of  loose  chromatin  runs 
alongside  the  vacuole  towards  the  blunt  extremity. 

The  corpuscle  now  ruptures  and  liberates  the  two  parasites  and  some 
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S^both^'  '^®P''^^®"*^°S  residual  matter,  from  the  parasite  or  the  corpuscle. 

Two  sUght  variations  of  the  process  have  been  described  by  Nuttall  and 
Graham-Smith  :  m  one  the  two  nuclei  and  their  strands  form  an  hourglass 
shaped  mass  and  in  the  other  the  strand  and  second  nucleus  form  a  reticular 
mass  ;   but  both  develop  into  the  stage  depicted  in  the  diagram       Four 


Fig.   92. — Diagram  of  the  Life-Cycles  of  Babesia  canis. 

(After  Nuttall  and  Graham-Smith,  Christophers,  and  Breinl  and  Kinghorn.) 

I-I2;if,   Reproduction  by  simple  division  ;   a-a,  reproduction  by  multiple 
division  ;  A-F,  development  of  a  flagellate  form  ;  12^-25,  sporogony  in  the  tick. 

pyriform  parasites  may  be  found  in  a  corpuscle  instead  of  two,  and  this  may 
come  about  by  an  invasion  of  the  corpuscle  by  two  pyriform  shapes,  which 
proceed  to  division,  or  by  the  division  of  the  uninuclear  shape  into  two, 
both  of  whith  proceed  to  develop  regularly.  Reproduction  by  gemmation 
with  the  formation  of  one  or  two  buds  has  been  described  by  Breinl  and 
Hindle,  and  of  many  buds  by  Kinoshita. 

Flagellate  Forms. — Nuttall  and  Graham-Smith  in  1905  described  large  forms 


in  the  blood  of  the  first  dog  which  they  infected  in  Cambridge  by  ticks  froni 
South  Africa.  These  forms  were  found  on  the  fourth,  fifth,  and  tentl 
days,  and  occurred  in  the  peripheral  blood  and  in  that  from  a  kidney.  They 
were  sausage-shaped,  with  rounded  or  tapering  extremities.  In  some  the 
chromatin  was  almost  entirely  concentrated  in  the  middle,  while  in  others  it 
appeared  to  be  of  loose  texture.  Kinoshita  has  seen  similar  parasites  in 
blood  from  the  heart,  the  pancreas,  and  the  lungs  after  death.  The  significance 
of  these  parasites  is  not  yet  understood. 

Free  parasites  with  flagella-like  processes  have  been  seen  by  Pound,  Bowbill, 
Le  Doux,  Nuttall  and  Graham-Smith,  Kinoshita,  Fiilleborn,  and  Breinl  and 
Hindle,  the  last-mentioned  observers  describing  the  development  of  large 
biflagellate  forms  from  the  normal  intracellular  parasite. 

The  significance  of  these  forms  is  not  understood,  Breinl  and  Hindle 
considering  that  they  are  such  very  transient  stages  in  the  life-history  that 
they  may  easily  be  overlooked. 

The  development  as  given  by  Breinl  and  Hindle  is  associated  with  a 
binucleated  form. 

Cultivation. — Kleine,  Nuttall,  and  Graham-Smith  have  attempted  to  culti- 
vate Babesia  canis  in  defibrinated  blood.  Kleine  has  observed  elongated  forms 
with  radiating  processes,  similar  to  those  found  by  Koch  in  ticks. 

Nuttall  and  Graham-Smith  have  observed  the  same  forms,  but  consider 
them  to  be  intracellular,  the  haemoglobin  having  nearly  disappeared  from 
the  red  cells. 

Inoculation. — It  was  first  shown  ^by  Dr.  Corrington  Purvis  in  1900  that  the 
disease  could  be  spread  from  dog  to  dog  by  blood  inoculation. 

Infection  from  Tick-Bites. — Piana  and  Galii  Valerio,  when  they  discovered 
the  parasite  in  1895  in  Italy,  suspected  that  it  was  transmitted  by  the  tick 
Ixodes  veduvius  L.,  but  the  first  actual  demonstration  that  this  really  took 
place  was  by  Loundsbury  in  1901,  by  the  bites  of  the  tick  Hcsmophy salts 
leachi  Audouin,  in  South  Africa. 

Dermacentor  reticulaius  Fabr  is  suspected  as  the  spreader  of  the  disease  in 
France. 

This  subject  has  been  carefully  investigated  by  Loundsbury,  who  finds 
that  the  parent  tick,  having  gorged  with  blood,  falls  to  the  ground  and  lays 
her  eggs,  which  develop  into  six-legged  larvae. 

These  larvje  do  not  infect  the  dog,  which  they  attack  as  soon  as  possible, 
and  on  whom  they  remain  two  days  sucldng  blood.  After  dropping  off, 
they  in  due  time  shed  their  larval  skin,  and  become  eight-legged  nymphs, 
which  again  bite  the  dog,  but  do  not  infect  it. 

The  nymph,  after  dropping  off,  undergoes  metamorphosis,  and  sheds  its 
nymphal  skin  and  becomes  the  sexually  mature  tick,  which  is  the  only  form 
that  spreads  the  infection,  a  fact  confirmed  by  Nuttall. 

Christophers  has  traced  out  the  development  in  Rhipicephalus  sanguineus 
LatreiUe,  thus  finally  confirming  the  idea  of  the  transmission  through  the 
tick. 

Development  in  the  Tick. — When  an  adult  tick  or  a  nymph  bites  a  dog 
and  takes  in  blood  containing  the  oval  parasites  already  described,  these 
parasites  develop  in  the  gut  into  round  or  oval  bodies,  4  to  5  yot  in  diameter, 
the  chromatin  remaining  undisturbed. 

The  cytoplasm  now  partially  divides  into  a  portion  with  and  a  portion 
without  chromatin,  the  latter  turning  round  to  form  a  tail  to  the  former, 
thus  constitutmg  a  club-shaped  body,  which  gradually  becomes  an  ookinete. 
In  the  adult  these  wander  into  the  ova,  while  in  the  nymph  they  simply  pass 
into  the  embryonic  tissue. 

In  either  case  they  become  rounded,  and  form  the  zygote,  which  breaks 
up  into  sporoblasts,  and  these,  again,  into  sporozoites,  which  infect  the  salivary 
glands  of  the  nymph  and  the  adult  of  the  second  generation.  This  development 
explains  Loundsbury's  experiments. 

Pathogenesis.— The  pathological  effects  are  divided  by  Nocard  and  Le- 
clainche  into  two  types— the  acute,  always  fatal,  and  the  subacute,  ending  in 
recovery.  ° 


BABESIA   BIGEMINA  285 

Acute  Form.— In  the  severe  attack  the  dog  quickly  becomes  ill  with  high 
fever  (40°  C),  accompanied  with  great  weakness.  After  the  attack  of  fever 
comes  a  stage  of  subnormal  temperatures.  The  mucous  membrane  becomes 
pallid,  bluish,  or  icteric.  Respiration  is  laboured,  and  the  movements  of  the 
animal  are  shaky.  Vomiting  is  frequent.  The  spleen  is  enlarged,  the  urine 
albuminous,  and  in  3-5  per  cent,  of  cases  there  is  hemoglobinuria.  The  blood 
is  pale  and  watery,  and  the  serum  stained  with  haemoglobin  or  bile  pigments ; 
the  red  corpuscles  are  reduced  (in  one  dog,  according  to  Wright,  frorn 
5,800,000  to  1,000,000)  and  altered,  some  becoming  larger,  others  smaller, 
than  normal,  and  often  nucleated.  The  hemoglobin  is  diminished,  the 
smallest  amount  observed  being  17  per  cent.  Usually  the  leucocytes  are 
increased  up  to  even  60,000,  but  in  some  cases  they  are  reduced.  Poly- 
morphonuclear and  mononuclear  leucocytes  share  the  general  increase.  Phago- 
cytosis is  not  energetic,  being  rarely  met  with.  The  animal  dies  in  from  three 
to  six  days. 

Subacute  Form. — This  is  characterized  by  progressive  anemia  and  feeble- 
ness, with  sometimes  a  little  hemoglobinuria  or  a  little  icterus.  Fever  may 
at  first  be  high,  but  generally  falls  to  normal.  The  anemia  is  very  pro- 
nounced, and  is  accompanied  with  paralysis,  etc. 

The  attack  lasts  six  weeks,  and  the  convalescence  takes  three  months. 
■  Post-Mortem  Appearances. — The  mucous  membranes  are  pale,  and  there  is 
icteric  staining  of  the  tissues.  Congestion  and  enlargement  of  the  spleen, 
more  rarely  of  the  liver,  oedema  of  the  lungs,  congestion  of  the  kidneys,- 
and  inflammation  of  the  stomach  and  intestines  may  be  noted,  but  some- 
times no  macroscopical  lesions  are  to  be  seen. 

Histological. — The  capillaries  of  the  alveoli  are  dilated,  and  their  walls 
show  some  proliferation  of  the  cells,  and  there  may  be  leucocytes  and  red 
corpuscles  in  the  lumen  of  the  air  cell. 

In  the  heart  the  capillaries  are  dilated,  and  there  may  be  slight  hemorrhages. 
There  is  no  change  in  the  skeletal  muscles.  The  liver  has  the  central  vein 
and  the  interlobular  capillaries  much  dilated,  as  are  the  intralobular  vessels. 
The  fibrous  tissue  is  normal,  but  the  liver  cells  are  distorted,  and  in  many 
cases  destroyed.  The  spleen  contains  a  large  quantity  of  blood  in  its  pulp. 
The  kidneys  only  show  dilatation  of  the  bloodvessels,  especially  those  of  the 
glomeruli.  The  suprarenal  capsules  have  all  the  capillaries  (cortex  and  medulla) 
dilated,  as  has  the  pancreas.  In  the  brain  and  spinal  cord  there  is  only  slight 
dilatation  of  the  capillaries,  and  slight  excess  of  cerebrospinal  fluid.  In  the 
small  intestine  the  vessels  of  the  villi  are  congested  and  crowded  with  infected 
corpuscles,  as  are  those  of  the  mesentery  and  omentum.  The  lymphatic 
glands  are  normal,  except  dilatation  of  their  smaller  vessels.  The  general 
histological  condition  is  engorgement  of  the  organs  by  dilatation  of  the 
capillaries. 

Treatment. — Quinine,  benzoate  of  soda,  calomel,  etc.,  have  all  been  advised. 
Nuttall  and  Hadwen  have  introduced  Trypanbleu  treatment  with  success. 

Babesia  bigemlna  Smith  and  Kilborne  1893. 

Synonyms. — Pyrosoma  bigeminum  Smith  and  Kilborne  1893  ;  Apiosoma 
bigeminum  Wandollek  ;  Piroplasma  bigeminum  Patton ;  Babesia  bovis 
Chauvelot  ;  Ixodioplasma  specificum  bovum  Schmidt. 

Babesia  bigemina  is  the  cause  of  Texas  fever  in  oxen,  and  appears  as  pyri- 
form,  round,  or  amoeboid  cells,  and  also  as  flagellate  forms.  It  can  be 
cultivated  on  artificial  media. 

Koch  has  traced  the  development  in  the  tick,  in  whose  gut  the  parasites 
leave  the  red  cell  and  become  long  and  club-shaped,  at  the  broad  end  of  which 
is  found  a  round  chromatin  mass.    From  fihe  club  pseudopodia  project. 

This  club  then  becomes  spherical,  and  immense  numbers  of  amoeba-like 
forms  appear,  which  are  said  to  grow  into  clubs. 

Pathogenesis. — The  disease  may  exist  in  two  forms,  a  grave  and  a  benign. 

TKe  usual  symptoms  of  high  fever,  hemoglobinuria,  icterus,  anemia, 
paralysis,  constipation,  and  death  in  a  week  or  less,  are  exhibited  in  the  grave 
form,  in  which  the  mortality  is  60  to  80  per  cent. 


286  BIOLOGICAL  CAUSES  OF  DISEASE—PROTOZOA 

In  the  benign  form  there  is  ansemia  without  haemoglobinuria  as  a  rule, 
and  the  duration  is  about  fourteen  days. 

The  disease  can  be  spread  by  inoculation  or  naturally  by  the  bites  of  in- 
fected ticks — Margaropus  australis  Fuller  in  South  America,  Cuba,  Porto 
Rico,  Australia,  and  the  Philippines,  and  by  M.  decoloratus  Koch  in  South 
Africa. 

Post  Mortem. — The  usual  post-mortem  signs  are  visible. 

Treatment. — There  is  no  specific  treatment.  Kragerud  advises  intra- 
venous injections  of  i  in  lOO  of  protargol  or  formol,  and  afterwards  a  beverage 
of  ID  grammes  of  lysol  and  carbolic  acid  in  500  grammes  of  distilled  water. 

Lignidres  recommends  chloride  of  sodium  and  purgatives.  Quinine  has 
also  been  advised.     Nuttall  and  Hadwen's  treatment  should  be  tried. 

Babesia  parva  Theiler. 

Synonym. — Piroplasma  theileri. 

This  is  the  cause  of  East  Coast  fever  in  cattle  in  Rhodesia,  and  is  also  found 
in  India  and  Japan. 

Parasite. — The  parasite  appears  in  the  blood  as  minute  bacillary  forms 
(called  Theileyia  by  some  writers),  or  as  small  rings,  which  later  become  larger 
and  give  the  typical  pyriform  appearance,  being  frequently  arranged  in  the 
form  of  a  cross.  Very  large  forms,  consisting  of  protoplasmic  masses  con- 
.taining  numerous  chromatin  particles,  may  be  found  in  the  endothelial  cells 
of  the  spleen  and  lymphatic  glands.  It  is  spread  by  Eurhipicephalus  appendi- 
culatus  Neum  and  Eusimus  Koch.  It  is  transmitted  by  the  nymphs  and  the 
adults.  Development  has  only  been  traced  up  to  round  forms.  Miyajima 
states  that  he  has  cultivated  the  parasite  in  broth,  producing  trypanosome- 
like  bodies,  but  this  has  not  been  confirmed. 

Incubation. — Fourteen  days. 

Symptoms. — The  symptoms  produced  are  very  similar  to  those  caused  by 
B.  bigemina,  but  there  is  very  little  anaemia  and  no  haemoglobinuria. 

Moitality. — The  mortality  is  about  90  per  cent. 

Post  Mortem. — The  autopsy  shows  oedema  of  the  lungs,  inflammation  of 
the  lymphatic  glands,  and  infarcts  in  the  lungs,  liver,  and  kidneys. 

Babesia  bovis  Babes  1888. 

Synonyms. — Piroplasma  annulatum  Dschunkowsky  and  Luhs  1888,  Piro- 
plasma bigeminum  Babes,  Hcsmaiococcus  bovis  Babes. 

Babesia  bovis  is  the  cause  of  red  water  or  haemoglobinuric  fever  in  European 
cattle  and  in  red  deer  {Cervus  elaphus  L.),  and  is  spread  by  the  tick  Ixodes 
reduvius  L.  and  Margaropus  annulaius  Say. 

The  disease  produced  may  be  acute  or  chronic.  In  the  acute  form  about 
90  per  cent,  of  the  red  cells  are  infected  by  bacillary  or  ring-like  parasites, 
which  cause  high  fever,  quick  pulse  and  respirations,  seldom  haemoglobinuria, 
with  convulsions  and  death  in  one  or  two  weeks  ;  or  a  chronic  form,  with 
minute  coccus-like  parasites  in  10  to  40  per  cent,  of  the  red  cells,  producing 
weakness,  jaundice,  and  anaemia.  The  post-mortem  shows  haemorrhages 
into  many  organs. 

Babesia  mutans  Theiler  1907. 

Synonym. — Piroplasma  mutans  Theiler  1907. 

This  babesia  is  found  along  with  B.  bigemina,  in  cattle  in  the  Transvaal, 
and  produces  forms  like  B.  parva,  but  distinguished  by  being  inoculable.  It  is 
not  known  how  it  is  spread. 

Babesia  ovis  Babes  1880. 

Synonyms. — Hcematococcus  ovis  Babes,  Piroplasma  ovis  Laveran,  Amcebo- 
sporidium  polyphagum  Bonome. 

Babesia  ovis  is  found  in  sheep  in  Europe,  Africa,  ajid  the  West  Indies,  as 
large  intracorpuscular  and  extracorpuscular  forms,  and  causes  anaemia, 
haemoglobinuria,  hematuria,  and  bile  in  the  urine,  and  also  blood  in  the 
motions.     The  mortality  is  50  per  cent. 
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The  post-mortem  shows  oedema  of  the  tissues,  enlargement  of  the  spleen 
inflammation  of  the  liver,  kidney,  and  bowels,  in  the  last  of  which  there  mav 
be  ulcers.  ^ 

The  Babesia  is  spread  by  the  daughter  adult  tick  developed  from  the 
Eurhipicephalus  bursa,  which  sucked  the  infected  blood.  It  is  inoculable 
into  other  sheep. 

Babesia  equi  Laveran  1899. 

Synonym. — Piroplasma  equi  Laveran  1899. 

Babesia  equi  is  the  parasite  of  babesiasis  in  horses,  mules,  donkeys,  and 
zebras  in  Africa,  Germany,  Italy,  and  Venezuela. 

Tlie  disease  appears  to  have  been  first  differentiated  by  Wiltshire,  in  1883, 
as  anthrax  fever,  which  name  was  changed  to  biUary  fever  by  Hutcheon'. 
The  parasite  was  first  seen  by  Guglielmi,  in  Italy,  in  1899. 

It  differs  from  Babesia  canis  in  existing  in  large  and  small  spherical  forms, 
in  large  and  small  pjnriform  shapes,  in  large  and  small  rod-like  bodies,  in 
rosettes  of  four,  and  sometimes  as  free  flagellate  forms.  Koch  believes  that 
this  list  includes  two  different  types  of  parasite — one  of  parasites  arranged 
in  groups  of  four,  and  the  other  like  B.  canis. 

It  is  very  difficult  to  inoculate,  and  is  believed  to  be  spread  by  the  blue 
tick  [Rhipicephalus  decolor atus). 

The  incubation  period  is  not  known.  The  disease  begins  with  high  fever, 
but  becomes  subnormal  before  death.  The  appetite  varies.  The  animal  is 
very  weak,  and  in  the  later  stages  becomes  paralytic  and  comatose.  Anaemia 
and  jaundice  are  noted.  The  pulse  varies,  being  often  weak  and  irregular. 
The  respirations  are  accelerated.  Bowels  often  constipated  ;  urine  is  highly 
coloured,  and  hsemoglobinuria  may  occur.   The  disease  may  be  acute  or  chronic. 

In  acute  cases  death  may  take  place  in  from  two  to  five  days,  but  the 
mortality  is  not  high.     Secondary  and  terminal  infections  may  take  place. 

The  post-mortem  reveals  emaciation  and  icteric  staining,  and  anaemia  of 

the  tissues,   enormous  enlargement  of  the  spleen,  and  thin,  watery  blood. 

The  liver  is  yellow  and  congested  ;  the  kidneys  are  enlarged  and  anaemic  ; 

the  lymphatic  glands  are  haemorrhagic,  as  may  be  the  mucosa  of  the  intes- 

•  tines.     The  heart  is  sometimes  enlarged.     The  lungs  are  usually  normal. 

Babesia  pitheci  P.  H.  Ross  1905. 

Synonym. — Piroplasma  pitheci  P.  H.  Ross  1905. 

This  organism  caused  babesiasis  in  a  species  of  Cercopithecus  from  Kikuga, 
in  Uganda.  ,,    . 

The  parasite  is  a  non-pigmented,  pear-shaped,  oval,  or  round  endocor- 
puscular  body,  being  I'S  /x  in  diameter  when  round,  and  3  by  2 /t  to  2-5  by 
I- $  II  in  the  pyriform  shapes.  It  may  be  single,  double,  or  in  multiples  of  two, 
four,  eight,  or  sixteen. 

Nuttall  and  Graham-Smith  have  investigated  the  parasite  calrefully,  and 
conclude  that  it  is  a  true  babesia,  and  multiplies  in  the  same  manner  as 
B.  canis  :  and  they  figure  one  body  in  a  corpuscle  very  like  the  peculiar  free 
forms  noted  in  B.  canis. 

Ross  tried  inoculation  into  dogs  twice,  but  though  one  of  the  dogs  showed 
a  temporary  rise  of  temperature,  the  experiment  failed.  No  ticks  were  found 
on  the  monkeys,  or  in  the  box  in  which  they  lived.  The  disease  causes  fever, 
and  killed  four  out  of  twelve  monkeys. 

Babesia  muris  Fantham  1906. 
Babesia  muris  causes  a  chronic  disease  in  mice,  in  which  it  exists  as  pyri- 
form intracorpuscular  parasites,  singly  and  in  pairs  (as  many  as  four  and  six 
have  been  seen).     The  secondary  mass  of  chromatin  has  not  been  observed, 
and  no  typical  dividing  forms  have  yet  been  seen. 

Babesia  cervi  Franfa  and  Borges  1907. 
This  Babesia  is  found  as  bacUlary  and  cross  forms  in  the  blood  of  Cervus 
dama  L.     Its  development  is  not  known. 
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Babesia  aristotelis  Denier  1907. 
This  parasite  is  found  in  Cervus  aristotelis  in  Annam. 

Babesia  cellii  Castellani  and  Chalmers  1908. 
This  parasite  is  found  in  MacadUs  pileatus  in  Ceylon,  in  bacillary  and  pear- 
shaped  forms,  lying  side  by  side  in  the  same  erythrocyte.     The  development 
has  not  been  traced. 

Babesia  herpetedis  Fran?a  1908. 
B.  herpetedis  is  found  in  considerable  numbers  in  Herpestes  ichneumon  L.. 
the  mongoose,  as  small  spheres,  with  the  chromatin  arranged  as  a  cross,  or 
as  pyriform  shapes,  or  in  fours  arranged  in  cross  form. 

Babesia  quadrigemium  (Incertse  Sedis)  Nicolle  1907. 

This  parasite  is  found  in  Ctenodactylus  gundi  in  North  Africa,  and  Nuttall 
and  Graham-Smith  point  out  that  its  method  of  division  and  its  chromatin  are 
so  pecuUar  that  its  position  is  doubtful. 

Babesia  Iiominis  (Doubtful)  Manson  1903. 

Wilson  and  Chowning  in  1902  described  ovoid  intracorpuscular  bodies  with 
amoeboid  movements  in  cases  of  spotted  fever  of  the  Rocky  Mountains. 
Some  parasites  are  distinctly  pyriform,  and  may  be  in  pairs,  which  are  united 
together  by  a  fine  thread. 

Wilson  and  Chowning  further  came  to  the  conclusion  that  the  disease  was 
spread  by  a  tick,  Dermacentor  reticulatus. 

In  these  findings  they  were  supported  by  Westbrook  and  Anderson.  On 
the  other  hand,  Ashburn  and  Stiles  denied  parasite  and  tick  alike. 

However,  Wilson  and  Chowning  have  been  very  considerably  supported 
recently  by  Ricketts  and  King,  who  have  been  able  to  transmit  the  disease 
to  monkeys  and  guinea-pigs  by  means  of  the  adult  of  a  tick  which  is  now 
known  as  Dermacentor  occidentalis  Marx  1892,  and  McCalla  and  Brereton  have 
transmitted  the  disease  twice  from  man  to  man  by  the  tick. 

Ticks  are  rarely  infected  in  Nature,  and  hence  the  disease  is  rare  in  man. 
The  infection  is  in  the  gut  and  salivary  glands  and  ovary.  It  is  transmitted 
to  young  ticks. 

Immunity  can  be  acquired  by  guinea-pigs,  and  a  serum  made  which  will 
protect  other  guinea-pigs.  The  young  of  immune  guinea-pigs  are  also  immune. 
It  is  thought  that  a  preventive  vaccine  is  likely  to  be  prepared. 

The  present  position  is  that  it  is  proved  that  Rocky  Mountain  fever  is 
spread  by  D.  occidentalis,  but  as  to  the  parasite  there  is  a  doubt  with  regard 
to  even  its  existence  in  the  form  described  above;  while  Ricketts  has  recently 
described  peculiar  bacillus-like  bodies. 

The  Tsutsugamushi  Disease. 

This  disease,  called  '  Japanese  river  fever,'  resembles  in  many  respects 
Rocky  Mountain  fever,  but  by  the  careful  researches  of  Ashburn  and  Craig 
is  proved  to  be  a  different  disease.  It  is  spread  by  the  bite  of  a  larva  of  a 
Trombidium  (the  Trombidiidcs  are  the  harvest  -  mites) .  Professor  Ogata 
believes  that  the  cause  of  the  disease  is  a  protozoon  of  the  nature  of  a  Plas- 
modium ;  another  theory  is  that  of  a  bacterium,  and  another  that  it  is  due  to 
a  toxin  in  the  mite.  Ashburn  and  Craig  have  investigated  these  matters, 
and  conclude  that  Ogata's  Plasmodium  does  not  exist,  and  that  the  causative 
organism  is  as  yet  unknown. 

Typhus  Exanthematicus. 

The  causation  of  this  disease  is  at  present  unknown.  It  is  usually  said  to 
be  non-inoculable,  but  recently  Yersin  and  Vassal  have  communicated  it 
by  this  method  to  a  man  by  inoculating  under  the  skin  0-5  gramme  of  blood 
taken  from  a  person  two  days  ill  with  the  disease.  The  incubation  was  four- 
teen days,  and  a  typical  attack  resulted. 
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With  blood  taken  on  the  fifth  day  of  the  disease,  inoculation  failed  at  first, 
but  on  the  second  occasion  the  incubation  was  twenty-one  days. 

It  has  been  said  to  be  due  to  a  fungus  (Rhizopus),  to  diplococci,  strepto- 
bacilli,  and  protozoa. 

With  regard  to  the  latter,  in  1892  Lewaschew  described  oval-shaped 
and  flagellate  organisms  actively  moving  in  the  plasma  of  fresh  blood. 
Gotschlich  found  what  he  considered  to  be  a  babesia  in  the  blood,  and  thinks 
that  the  spread  of  the  disease  is  probably  due  to  a  tick.  Yersin  and  Vassal 
also  think  that  it  resembles  a  disease  transmissible  to  man  by  the  bite  of  a 
parasitic  animal. 

Sambon  thinks  that  Rocky  Mountain  fever  is  only  a  local  form  of  typhus 
fever,  and  that  probably  Japanese  river  fever  is  the  same,  and  that  the 
differences  pointed  out  are  illusory.  Husband  and  McWalters  support 
Sambon. 

Haemoglobinurlc  Fever. 

Sambon  has  brought  forward  a  theory  that  this  disease  (Blackwater  fever) 
may  be  due  to  a  minute  babesia.  More  will  be  said  about  this  theory  under 
the  heading  of  the  disease. 

Achromaticus  Dionisi  1898. 

Achromatieus  vesperuglnis  Dionisi  1898. 

This  parasite  was  found  by  Dionisi  in  the  noctule  in  1898.  Sambon  classifi es 
it  as  a  babesia,  but  this  is  doubted  by  Nuttall  and  Graham-Smith,  as  well  as  by 
Dionisi,  though  they  report  pyriform  endocellular  parasites  from  blood  films 
from  bats  of  the  genus  Vesperugo,  and  Nuttall  and  Graham-Smith  report  four 
pyriform  parasites  in  a  corpuscle.  Gonder,  however,  believes  that  it  is  in  some 
intermediate  position  between  the  Plasmodidae  and  the  babesia,  and  Nuttall 
and  Graham-Smith  consider  that  further  investigations  are  necessary  before 
it  can  be  classified.  We  agree  with  Gonder,  and  consider  the  parasite  to 
be  neither  a  babesia  nor  a  plasmodium,  and  therefore  return  to  Dionisi's 
original  idea  of  a  separate  genus. 

Family  5.   Plasmodidae  Luhe  1906. 

Synonyms. — Gymnosporidia  Labbe  1894,  Acytosporidia  Wasie- 
lewski  1896,  EmmowKBbidxB  Ross  1899,  Acystosporea  Minchin  1903. 

Definition. — Encystidae,  without  a  well-developed  flagellum  in 
any  stage  of  the  life-history.  The  trophozoite  grows  into  the 
schizont,  containing  hsmozoin,  which  breaks  up  into  a  number  of 
merozoites,  which  are  usually  said  never  to  be  flagellate. 

The  ookinete  encysts  and  forms  a  typical  oocyst,  which  breaks 
up  eventually  into  sporozoites.  The  genera  of  the  Plasmodidae  are : 
Plasmodium  Marchiafava  and  Celli  1885,  Laverania  Grassi  and 
Feletti  1889. 

Plasmodium  Marchiafava  and  Celli  1885. 

Synonyms. — Oscillaria  Laveran  1881,  Hamatomonas  Osier  1887, 
Hcematophyllum  Metchnikoff  1887,  Ecemamaha  Grassi  and  Feletti 
1889,  Laverania  Grassi  and  Feletti  1889,  Cytamceba  Danilewski  1890, 
Pwteosoma  Labbe  1894,  Hamosporidium  Lewkowicz  1897,  Cyto- 
sporon  Wasielewski  1901. 

Definition.— Plasmodidae,  in  which  the  gametocytes  resemble  more 
or  less  the  schizonts  by  being  round  in  shape. 

Nomenclature.— Some  remarks    are  perhaps   necessary  on    the 
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nomenclature.  Laveran  first  used  the  term  Oscillaria  because 
he  saw  the  flagellate  form,  which  at  that  time  was  thought 
to  be  a  Polymitus  form  because  of  its  flagella.  Later  Laveran 
repudiated  this  term,  which,  indeed,  could  not  be  used,  because  it 
had  already  been  applied  to  a  plant.  He  then  suggested  the  term 
'  haematozoon,'  but  this  is  objectionable,  because  the  haematozoa  are 
a  group  of  parasites,  and  not  a  single  genus.  Metchnikoff  suggested 
the  term  Hcematophyllum  malarice,  which  is  equally  impossible ; 
therefore  the  earliest  distinctive  term  is  '  plasmodium,'  which  was 
used  by  Marchiafava  and  Celli  in  1885. 

It  is  not  a  good  term,  because  a  plasmodium  is  generally  con- 
sidered to  be  a  mass  of  protoplasm  with  several  nuclei  representing, 
not  one  single  animal,  but  several. 

General  Account. — ^The  malarial  parasites  may  be  taken  as  the 
typical  examples  of  the  Plasmodidae. 

The  malarial  parasite  exists  in  nature  outside  the  human  body 
in  certain  species  of  different  genera  of  the  family  Anophelirise, 
a  type  of  mosquito  which  is  somewhat  easily  identified  by  its 
habit  of  projecting  at  almost  right  angles  from  the  surface  on  which 
it  stands.  In  the  salivary  glands  of  infected  insects  the  malarial 
parasites  are  found  as  fine  fusiform  bodies,  about  16  to  20  /*  in  length, 
and  I  to  2  /;i  in  breadth,  lying  in  the  cells  or  in  the  duct.  These 
fusiform  bodies  are  called  sporozoites,  and  consist  of  C5rtoplasm 
containing  a  central  nucleus  composed  of  chromatin. 

The  ends  of  the  parasite  are  pointed,  one  being  sharper  than  the 
other.  They  are  capable  of  movement  forwards,  and  of  flexion  into 
loops  or  curves.  It  may  be  that  the  sporozoites  represent  male, 
female,  and  indifferent  parasites,  or  they  may  not ;  the  question 
is  still  undecided. 

When  inoculated  into  man  by  a  mosquito,  they  penetrate  into  the 
red  blood  cells,  and  develop  into  small  erido-corpuscular  parasites 
called  the  trophozoites,  which  at  first  are  composed  of  cytoplasm  and 
a  nucleus. 

This  young  trophozoite  grows,  throwing  out  pseudopodia  for  the 
purposes  of  nutrition,  and  presently  a  vacuole  appears,  converting 
the  small  parasite  into  a  ring  form,  which,  according  to  Schaudinn, 
is  of  benefit  in  enabling  it  to  absorb  nutriment  quickly. 

The  vacuole  does  not  keep  pace  with  the  growth  of  the  parasite, 
and  finally  in  the  old  form  disappears.  Early  in  the  ring  forms 
there  appear  granules  of  a  black  pigment,  which  used  to  be  called 
melanin,  but  which  has  by  no  means  the  chemical  characteristics 
of  true  melanin,  as  will  be  described  under  Malaria.  This  pigment 
has  been  named  by  Sambon  '  haemozoin  ' — a  name  which  appears  to 
us  to  be  peculiarly  suitable,  and  will  therefore  be  used  in  this  work. 
It  is  really  of  an  excrementitious  nature.  The  fully-grown  tropho- 
zoite now  ceases  to  be  amoeboid,  and,  becoming  rounded  off  and 
full  of  pigment  granules,  is  called  the  schizont,  which  has  a  subcentral 
nucleus.  This  nucleus  now  divides,  so  that  parasites  may  be  seen 
with  two,  three,  four,  five,  six,  up  to  twenty-four  nuclei.     The 
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cytoplasm  around  these  nuclei  segments  into  small  bodies  called 
merozoites,  each  with  a  nucleus,  but  an  unsegmented  portion 
containing  the  haemozoin,  and  called  the  residual  mass,  or  nucleus 
de  reliquat,  is  always  left  unsegmented  (Fig.  39). 

The  blood-corpuscle  now  breaks  up,  and  the  merozoites,  residual 
protoplasm,  and  pigment  are  hberated  into  the  blood-stream, 
where  the  effete  matter  and  some  merozoites  are  taken  up  by  the 
leucocytes  and  destroyed. 

The  merozoite  usually  tries  to  enter  a  red  blood  cell  and  to  start 
again  as  a  trophozoite,  thus  completing  a  cycle  in  the  blood  of  the 
human  being  who  is  acting  as  host.  This  cycle  is  called  the  cycle 
of  Golgi,  or  schizogony.  Sometimes  more  than  one  merozoite  will 
enter  a  cell,  thus  giving  rise  to  multiple  infection.  In  such  a  case 
they  are  generally  of  the  same  age,  but  this  is  not  invariable.  In 
the  red  cell,  under  these  conditions  of  multiple  infection,  some 
observers  have  thought  that  the  young  trophozoites  might  con- 
jugate; but  this,  together  with  the  suggestion  of  further  division 
of  the  merozoite,  we  believe  to  be  incorrect,  though  it  must  be 
admitted-  that  forms  with  a  double  nucleus  can  be  seen.  When 
such  a  binucleate  form  is  seen  nowadays,  it  makes  the  observer 
think  seriously  of  a  possible  flagellate  origin,  and  inclines  him  to 
support  Sambon  and  Hartmann's  classification,  but  never,  as  far 
as  we  know,  has  anyone  seen  a  flagellate  merozoite  in  human 
malaria. 

It  will  be  seen  that  in  going  through  the  process  of  schizogony 
one  sporozoite  becomes  several  merozoites,  and  that  each  of  these 
may  again  become  several  merozoites,  so  that  the  infection  grows 
unless  kept  in  check  by  phagocytosis,  and  perhaps  chemical  action 
or  quinine  treatment. 

Each  parasite  means  a  red  cell  destroyed  and  so  much  toxin 
liberated  into  the  blood-stream.  Hence  in  a  certain  number  of 
days  (eight  to  twelve,  as  a  rule)  the  parasites  will  have  increased  to 
such  a  degree  that  their  collective  toxins,  acting  upon  the  organs  of 
the  body,  upset  the  metaboUsm  and  produce  an  attack  of  fever. 
This  period  of  eight  to  twelve  days  is  the  incubation  period  of  the 
disease. 

It  is  possible  that  all  the  sporozoites  develop  into  schizonts,  and 
there  is  at  present  no  evidence  that  they  develop  into  male  or 
female  forms  directly.  If  they  do  not  do  this,  then  the  merozoites 
must  differentiate  sexually ;  for  in  about  a  week  male  and  female 
forms  can  be  seen  in  the  blood-streani,  and,  moreover,  very  young 
stages  can  be  observed. 

The  earliest  form  of  a  sexual  parasite  is  like  an  ordinary  merozoite, 
but  it  grows  very  slowly,  and  it  never  possesses  a  vacuole,  and  as  it 
grows  its  protoplasm  becomes  heavily  pigmented  and  granulated  in 
the  female,  and  lighter  and  clear  in  the  male.  The  result  is  to  produce 
a  female  type  of  parasite  called  the  macrogametocyte,  or  a  male 
type  of  parasite,  the  microgametocyte.  So  that  there  are  three  types 
of  parasite— the  indifferent  or  schizont,  the  female,  and  the  male. 
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The  macrogametocyte  is  characterized  by  possessing  a  small,, 
more  or  less  rounded  nucleus  eccentrically  placed  and  poor  in 
chromatin,  and  a  cytoplasm  full  of  granules  and  pigment. 

The  microgametocyte  is  characterized  by  having  a  large  nucleus, 
extending  like  a  band  across  the  cytoplasm,  and  much  chromatin, 
a  clear  protoplasm^  and  less  pigment. 

The  macrogametocyte  and  microgametocyte  are  the  means  of 
propagating  the  parasite  in  the  mosquito,  and  if  they  fail  to  reach 
the  gut  of  this  insect  the  microgametocytes  die  off. 

The  macrogametocytes,  on  the  other  hand,  are  extremely  per- 
sistent, and  can  wait  in  the  body  for  a  long  time  until^'some  chill 
or  accident  lowers  its  resistance,  when  they  become  active  and 
develop  merozoites  by.  parthenogenesis,  thus  accounting  for  the 
relapses  and  the  recurrences  of  malaria,  even  months  and  years 
after  having  left  a  tropical  country.  Hence  in  malaria  there  is  a 
latent  phase  which  is  capable  of  lasting  an  unknown  time — at  least 
one  to  three  years,  perhaps  longer  ;  but  upon  this  subject  more  will 
be  said  later,  and,  indeed,  more  information  is  urgently  needed. 

In  developing  parthenogenetically,  the  nucleus  of  the  macro- 
gametocyte divides  into  two  portions,  one  rich  and  the  other  poor 
in  chromatin.  The  pigment  granules  gather  round  the  pale  nucleus, 
and  with  it  the  surrounding  cytoplasm  and  h^mozoin  form  a  sort 
of  nucleus  de  reliquat.  The  rest  of  the  protoplasm,  rendered  clearer 
by  loss  of  its  hsemozoin,  contains  the  nucleus  rich  in  chromatin, 
which  now  divides  like  the  nucleus  of  a  schizont,  and  forms 
merozoites,  which,  escaping  from  the  red  cell,  infect  red  corpuscles, 
and  start  the  cycle  of  schizogony  anew  {vide  Fig.  43). 

Etheogenesis  is  unknown  in  the  malarial  parasite. 

If  a  female  mosquito  (the  male  does  not  suck  blood)  belonging  to 
certain  of  the  genera  of  the  Anophelinse  sucks  the  blood  of  a  person 
in  whom  both  macro-  and  microgametocytes  are  to  be  found,  a 
new  cycle  is  started  in  that  mosquito.  This  cycle  is  sporogony, 
which  is  characterized  by  being  a  sexugJ  process.  Changes  now 
appear  in  the  macro-  and  microgametocyte,  which  are  thought  by 
Schaudinn  to  be  brought  about  by  the  alteration  in  temperature. 

The  macrogametocyte,  escaping  from  its  red  ceU,  undergoes 
reduction  by  division  of  its  nucleus  once  or  twice,  forming  polar 
bodies.    The  reduced  gametocyte  is  now  called  the  macrogamete. 

Similarly  the  microgametocyte  undergoes  changes,  for  chromidial 
masses  separate  from  its  nucleus  and  travel  to  the  periphery 
of  the  parasite,  from  which  thin  threads  of  protoplasm  now 
project  (Figs.  40,  41,  and  42). 

These  threads,  which  vary  from  four  to  six  in  number,  lash  about 
vigorously,  moving  the  whole  parasite,  which  therefore  whirls  about,, 
and  it  and  its  processes,  called  fiagella,  were  looked  upon  as  a 
polymitus  ;  hence  this  stage  is  often  called  the  polymitus  stage. 

The  threads  break  off,  and  are  now  called  microgametes.  Each- 
microgamete  is  composed  of  a  long,  tapering  thread  of  protoplasm 
capable  of  bending  and  moving  rapidly.     Its  chromatin  is  spread 
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along  it  in  dots  or  bars,  and  hence  the  whole  structure- somewhat 
resembles  a  spirochaete,  but  there  is  no  undulating  membrane. 

A  microgamete  now  conjugates  with  a  macrogamete,  the  male 
and  temale  pronuclei  fusing  to  form  a  synkaryon,  and  the  resulting 
zygote  is  called  an  ookinete.     This  zygote  elongates,  and  its  anterior 


Fig.  93. — Diagram  of  the  Life-Cycle  of  Plasmodium  vivax. 

I,  Sporozoite  entering  red  cell ;  2,  trophozoite  ;  3-4,  schizont;  5,  merozoites  ; 
6,  merozoites  entering  red  cell;  7,  young  trophozoite  ;  8a-ioa,  development  of 
a  microgametocyte  ;  86-106,  development  of  a  macrogametocyte ;  106-ioe, 
jjarthenogenesis  ;  iia-i2a,  formation  of  a  microgamete;  1 16-126,  formation 
of  a  macrogamete;  13,  zygosis;  14,  ookinete;  15,  oocyst;  16,  formation  of 
sporoblasts ;  17,.  formation  of  sporozoites ;  18,  cyst  ruptured  and  sporozoites 
escaping  ;  19a;,  sporozoites  infecting  the  ovary;  196,  sporozoites  infecting  the 
salivary  glands ;  21,  sporozoites  escaping  from  the  salivary  duct  and  entering 
the  human  skin  ;  22,  this  indicates  that  the  further  development  of  the  sporo- 
zoites infecting  the  ovary  is  unknown. 

extremity,  which  is  more  or  less  clear  of  haemozoin,  becomes  pointed  ; 
the  nucleus  lies  in  the  middle,  and  the  posterior  end  contains  most 
of  the  pigment,  which  may  be  largely  cast  off  or  may  be  retained. 

It  now  pierces  the  epithelium  of  the  mosquito's  stomach,  below 
which  it  comes  to  rest,  and  forms  a  thin  cyst-wall,  and  is  called  the 
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oocyst.  This  now  grows  rapidly,  and  its  nucleus  divides  into  a  large 
number  of  daughter  nuclei,  around  each  of  which  the  protoplasm 
gathers,  forming  the  sporoblasts,  which  are  somewhat  connected 

together  (Fig.  93).  ....-.'  1         11 

The  nucleus  of  each  sporoblast  now  divides  into  several  small 
nuclei.  These  travel  to  the  periphery,  which  grows  out  into  a  series 
of  small  projections,  each  of  which  takes  a  chromatin  particle  with 
it.     Each  of  these  projections  is  a  sporozoite,  so  that  each  sporoblast 

forms  a  large;,  number  of  sporozoites, 
and  leaves  a  residual  mass  of  pigment 
and  cytoplasm  undivided.  The  cyst, 
now  enormously  enlarged,  bursts,  and 
the  sporozoites  escape  into  the  coelome 
of  the  insect,  which  in  this  case  is  a 
haemocoele,  and  therefore  they  enter 
the  blood,  and  are  carried  by  it 
probably  all  over  the  insect's  body. 

Rn^-r^^iS".';'?^  ''^^ZT'-  Certainly  they  are  seen  in  the  thoracic 
Koss  s       Black     Spores,  ,     •'  ,     ,-'  ^      „       ,,         .c    j    xu  • 

NOW  KNOWN  TO  BE  Protozoa  muscles,  but  finally  they  hnd  their 
BELONGING  TO  THE  GENUS  Way  to  the  salivaiy  glands,  and  so  to 
NosEMA.  a  new  host  or  to   the  eggs,  and  so 

(After  Grassi.)  probably  to  a  new  generation  of  mos- 

quitoes. 
Sporogony  takes  about  ten  to  twelve  days,  during  which  the 
mosquito  will  have  sucked  blood  three  or  four  times. 

Abnormal  Forms. — In  mosquitoes,  whether  infected  by  malarial 
parasites  or  by  Proteospma,  peculiar  bodies,  called  'black  spores' 
by  Ross,  are"  sometimes  found  in  the  stomach  wall,  which  are  now 
known  to  be  protozoal  parasites  of  the  genus  Nosema,  which  have 
invaded  the  oocysts,  and  are  therefore  hyperparasites. 

Classification. — A  number  of  species,  increasing  gradually,  belong 
to  this  genus,  among  which  are  two  of  the  malarial  parasites,  P.  vivax 
and  P.  malaricB. 

Plasmodium  vivax  Grassi  and  Feletti  1890  (Plate  I.). 

Synonyms, — HcBmamceba  vivax  Grassi  and  Feletti  1890,  H.  mala- 
ricB  var.  magna  Laveran  1900,  H.  malaricB  var.  tertiance  Laveran  1901, 
Plasmodium  malaricBvar.tertiancB  Celli  andSanfelicei89i,P.)Mfl;Z«n« 
tertianum  Labhi  1899,  Hcemosporidium  tertianum  Lewkowicz  1887. 

Plasmodium  vivax  is  the  parasite  of  tertian  malarial  fever,  and 
derives  its  specific  name  from  its  energetic  amoeboid  movements, 
which  probably  take  place  for  purposes  of  nutrition. 

Its  schizogony  has  been  well  studied  by  Golgi  and  Schaudinn, 
and  its  sporogony  by  Grassi,  Bignami,  and  Bastianelli. 

The  whole  process  of  the  schizogony  of  P.  vivax  can  be  sum- 
marized as  follows  :  During  the  first  twenty-four  hours  after  the 
entry  of  the  sporozoite  or  merozoite  into  the  red  cell  the  little 
trophozoite,  which  at  the  beginning  is  about  one-third  the  size  of 
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the  erythrocyte,  grows  rapidly,  absorbing  nutriment  from  the  red  cell 
by  its  pseudopodia  and  by  the  large  surface  of  cytoplasm  exposed, 
owing  to  the  size  of  the  vacuole. 

Hence,  not  merely  does  it  increase  in  size,  but  it  acts  deleteriously 
upon  the  enclosing  cell,  which  loses  its  haemoglobin,  turns  pale 
and  degenerates,  as  is  evident  by  its  becoming  swollen  owing 
to  the  absorption  of  fluid,  and  by  showing,  on  staining  with 
any  modification  of  Romanowsky,  a  dotted  appearance  due  to  red 
granules  called  Schiiffner's  dots.  These  dots  can  be  seen  in  red  cells 
affected  by  other  plasmodia — e.g.,  P.  cams  in  the  dog.  In  growing, 
it  gives  rise  to  a  quantity  of  haemozoin,  which  appears  as  fine, 
reddish-brown  granules,  often  seen  in  active  movement  due  to 
currents  in  the  cytoplasm  of  the  parasite.  In  about  thirty  hours  it 
becomes  rounded  off  as  the  schizont  (Fig.  39),  8-5  /j.  in  diameter. 

From  the  thirtieth  to  the  forty-eighth  hour  the  fully-grown 
schizont  undergoes  sporulation,  when  it  will  be  noticed  that  fifteen 
to  twenty  merozoites  are  formed,  while  the  haemozoin  granules  are 
packed  together,  either  into  the  centre  or  towards  the  periphery  of 
the  parasite.  It  wUl  also  be  noted  that  the  red  cell  is  now  consider- 
ably swollen  and  almost  colourless. 

About  the  forty-eighth  hour  the  remains  of  the  corpuscle  dis- 
integrate, and  the  merozoites  (size  i'5  fj),  haemozoin,  etc.,  escape. 

So  that  P.  vivax  occupies  forty-eight  hours  in  the  process  of 
schizogony.  As  curiosities,  it  may  be  mentioned  that  a  trophozoite 
or  a  schizont  may  be  seen  in  the  same  red  cell  as  a  gametocyte. 

Sporogony. — The  development  in  the  mosquito  was  first  worked 
out  in  Anopheles  claviger. 

The  development  of  the  gametes,  and  the  fertilization  of  the 
macrogamete,  and  the  structure  of  the  ookinete,  have  been  carefully 
described  and  figured  by  Schaudinn  {vide  Figs.  40,  41,  and  42). 
In  about  forty  hours  after  the  mosquito  has  been  fed,  the  oocyst  can 
be  found  as  a  round  transparent  body  with  strands  of  yellowish 
haemozoin  scattered  throughout  it,  lying  in  the  stomach- wall  beneath 
the  epithelium,  and  covered  over  by  the  musculo-elastic  layer  of  the 
gut.  Its  wall  is  seen  to  be  well  defined — i.e.,  the  ookinete  has  become 
encysted.  By  this  time  the  chromatin  will  have  divided  into  small 
masses. 

On  the  third  day  it  will  have  become  from  one-third  to  one-fourth 
larger,  and  the  cyst-wall  will  be  more  distinct,  and  the  imperfect 
segmentation  of  the  protoplasm  around  the  nuclei  can  be  seen.  The 
haemozoin  is  seen  gathered  into  little  masses  lying  between  the 
segments  of  the  cytoplasm,  which  are  the  sporoblasts..  The  first 
stages  of  the  formation  of  sporozoites  may  also  be  observed. 

During  the  fourth  day  the  size  increases  about  a  fourth,  and  the 
nuclei  and  their  surrounding  protoplasm  will  have  formed  some 
twenty  to  thirty  sporoblasts,  whose  periphery  will  be  marked  by  a 
palisade  of  forming  sporozoites. 

Between  the  fourth  and  fifth  day  the  cysts  (50  /^  in  diameter)  full  of 
sporozoites  (size  14  fj.)  will  be  seen  to  be  projecting  into  the  coelome. 
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After  the  seventh  day  the  oocyst  ruptures,  and  the  sporozoites 
escape  and  find  their  way  to  the  salivary  glands,  in  the  cells  of 
which  they  lie,  mainly  in  those  of  the  mid  or  poison  gland.  Thus, 
about  the  tenth  to  the  twelfth  day  after  infection  the  mosquito  is 
ready  to  spread  the  disease  by  its  bite,  and  the  cycle  of  sporogony 
is  complete.  It  must  be  remembered  that  Schaudinn  observed 
infection  of  the  mosquito's  egg,  but  whether  the  parasite  penetrates 
into  the  larva,  and  from  that  to  the  pupa,  and  thus  into  a  second 
generation,  is  not  known. 

Plasmodium  malarise  Laveran  i88i  (Plate  I.). 

Synonyms. — Rmmamceba  malaricB  Grassi  and  Feletti  1890, 
H.  laverani  var.  quarfana  Labbe  1894,  H.  malarice  var.  magna 
Laveran  1900,  H.  malarice  var.  quartancs  Laveran  1901,  Plasmo- 
dium malaria  var.  quartanm  Celli  and  Sanfelice  1891,  Hcemosporidium 
quartancB  Lewkowicz  1897,  Plasmodium  malaria  quartanum  Labbe 
1899,  P.  golgii  Sambon  1902,  and  Laverania  malarice  Jannesco 
1905. 

Schizogony. — The  young  trophozoite,  which  is  smaller  than 
P.  vivax,  forms  a  compact  ring,  which  lies  in  an  unaltered  erythrocyte, 
and  shows,  as  a  rule,  but  little  pseudopodial  activity.  Very  soon 
hsemozoin  appears  in  the  form  of  dark  rodlets. 

After  the  first  twenty-four  hours  the  parasite  is  found  to  be  much 
larger,  and  the  hasmozoin  more' abundant.  The  granules  of  pig- 
ment will  be  noticed  to  be  gathered  at  the  periphery,  and  to  be 
very  dark  in  colour,  and  non-motile.  The  red  cell  tends,  if  any- 
thing, to  become  smaller  and  darker.  In  about  sixty  hours  the 
trophozoite  will  have  become  the  full-grown  schizont,  which  is  a 
large,  round,  pigmented  body  surrounded  by  a  rim  belonging  to 
the  corpuscle.  During  the  next  twelve  hours  its  nucleus  divides  up 
into  six  or  twelve  nuclei,  around  which  the  cytoplasm  gathers,  while 
the  hasmozoin  is  driven  into  the  centre,  and  the  appearance  of  a 
daisy  is  produced  by  the  central  block  of  hsemozoin  and  the 
regular  arrangement  of  the  merozoites  around  it  (size  6  ft). 

The  merozoites  (size  1-75  fi)  are  now  set  free,  and,  as  a  rule,  many 
of  them  appear  to  be  killed  off,  and  not  to  be  able  to  affect  the  red 
cells.  More  rarely  they  go  on  increasing  in  number,  and  recently 
have  been  said  to  cause  death  in  a  case  (Leishman),  but  a  severe 
infection  is  not  usual. 

The  whole  schizogony  takes  place  in  the  peripheral  blood,  and 
occupies  seventy-two  hours. 

Sporogony. — Gametocytes  are  very  rarely  seen,  and  only  after 
the  disease  has  lasted  a  long  time,  but  Vida  has  recently  described 
all  stages  of  their  development  as  seen  in  the  peripheral  blood. 

They  begin  as  small  forms  with  a  central  nucleus  but  no  vacuole, 
and  soon  become  pigmented,  the  fully-grown  macrogametocyte 
being  a  little  larger  than  a  normal  corpuscle.  Its  dark  cytoplasm  is 
heavily  pigmented,  especially  at  the  periphery,  at  which  the  nucleus 
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is  also  placed.     The  corpuscle  forms  but  a  small  rim  around  the 
parasite. 

The  microgametocyte  shows  the  usual  structure  already  described, 
but  is  less  pigmented,  and  has  a  clearer  cytoplasm.  The  corpuscle 
is  not  enlarged,  as  in  the  case  of  the  macrogametocyte,  and  much 
more  of  it  is  visible  around  the  parasite.  The  formation  of  the 
microgametes  has  been  observed,  but  the  infection  of  the  mosquito 
is  difficult  to  bring  about,  though  the  development  in  the  mosquito 
has  been  traced  by  Bignami  and  BastianelU.  The  oocyst  is  charac- 
terized by  the  pigment,  which  is  black,  coarse,  and  gathered  into  a 
clump.  The  cycle  of  development  is  the  same  as  in  P  vivax,  but 
takes  about  eighteen  to  twenty-one  days  to  be  completed  after 
infection  in  mosquitoes  which  were  kept  at  a  temperature  of  about 
22°  C.  This  appears  to  be  the  degree  of  heat  at  which  the  process 
takes  place  best.  At  the  end  of  that  time  the  completely  developed 
sporozoites  can  be  seen. 

Plasmodium  danilewskyi  Grassi  and  Feletti  1890. 

Synonyms. — Laverania  danilewskyi  Grassi  and  Feletti  1890,  Hcsmamoiba 
mlicta  Giassi  and  Feletti  1891,  Cytosporon  malarice  avium  Danilewskyi  1891, 
Proteosoma  grassii  Labbe  1894,  Plasmodium  relictum  Sergent  1907. 

This  parasite  was  discovered  by  Grassi  in  the  blood  of  birds  in  Italy,  and 
causes  death  in  partridges  in  Hungary.  It  affects  sparrows  in  India,  and  is 
the  form  in  which  Ross  first  traced  the  development  of  a  Plasmodium  in  a 
mosquito.     It  occurs  in  Ceylon,  and  is  common  in  Africa. 

The  young  trophozoite  becomes  pigmented,  and,  displacing  the  nucleus, 
grows  into  the  schizont,  which  forms  about  nine  merozoites. 

The  macrogametocyte  has  but  little  chromatin  in  its  nucleus,  which  is 
rounded,  while  the  microgametocyte  has  an  elongated,  darkly-staining 
nucleus. 

These  develop  in  Culex  fatigans,  C.  nemorosus,  or  some  other  species,  when 
in  about  twelve  to  fifteen  hours  ookinetes  are  seen,  and  in  about  one  to  two 
days  well -developed  oocysts  are  present  in  the  stomach  in  the  form  of  round, 
transparent  cysts,  with  hsemozoin  scattered  through  them. 

In  three  to  four  days  the  oocysts  have  increased  in  size,  and  sporoblasts 
have  appeared,  and  even  sporozoites  are  forming. 

In  nine  to  ten  days  the  oocyst  has  become  fully  developed  and  bursts, 
and  the  sporozoites  can  first  be  seen  in  the  muscles  of  the  thorax,, and  then  in 
the  salivary  glands,  in  which  they  lie  principally  in  the  central  or  poison  lobe. 
The  black  spores  already  mentioned  can  be  noted  in  the  stomach,  and,  accord- 
ing to  Stephens  and  Christophers,  in  either  the  thoracic  muscles  or  in  the 
salivary  glands. 

No  traces  of  parasites  have  been  found  in  the  larvae  or  second  generation  of 
Culex. 

Plasmodium  koehi  Laveran  1899. 

This  Plasmodium  is  found  in  chimpanzees  (Anthropopithecus  troglodytes 
Gm.),  and  in  monkeys  in  Africa  and  in  Ceylon  ;  in  the  latter  it  causes  illness 
and  death.  The  spleen  and  bone-marrow  are  found  pigmented.  It  is  said 
not  to  be  inoculable. 

Plasmodium  pitheci  Halberstaedter  and  Prowazek  1907. 
Found  in  the  ourang-outang  (Simia  saiyrus)  and  the  chimpanzee,  in  which 
the  trophozoites  resemble  P.  vivax  and  the  gametes  P.  malaricB.     Schiiffner's 
dots  can  be  seen. 
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Plasmodium  inui  Halberstaedter  and  Prowazek  1907. 
In  Macacus  cynomolgus  L.  and  M.  nemestrinus  L.     It  is  like  P.  pithea, 


but  the  hffimozoin  is  in  the  form  of  fine  yellow  granules, 
to  sixteen  in  number.     Schiifiner's  dots  absent. 


Merozoites,  twelve 


Plasmodium  cynomolgl  Mayer  1907. 
In  M.   cynomolgus  L.     Merozoites,    eight   to   thirteen.     SchufEner's   dots 
present. 

Plasmodium  bovls  KoUe  1898. 

In  cattle  in  South  Africa,  in  which  they  produce  remittent  fever  and  severe 
ans&mia. 

Plasmodium  canis  dastellani  and  Chalmers   1908. 

Found  in  pariah  dogs  in  Ceylon.  Resembles  P.  vivax.  Schiiffner's  dots 
present.  Fig.  95  shows  the  schizogony  of  this  parasite,  and  Fig.  96  the 
gametocytes. 


Fig.  95. — Plasmodium  canis  Castellani  and  Chalmers. 
1-2,  Merozoite  entering  the  corpuscle  ;    3,  young  trophozoite  (the  red  cell 
shows  Shiifiner's  dots)  ;  4-6,  trophozoites,  enclosing  cells  showing  Shiiffner's 
dots ;  7-10,  schizonts  showing  various  stages  of  nuclear  division  prior  to  the 
formation  of  the  merozoites. 


m 

Fig.  96. — Plasmodium  canis  Castellani  and  Chalmers. 
I,  Young  gametocyte  ;  2,  Macrogametocyte  ;  3,  microgametocyte. 

Other  Forms. 

In  Mammals. — P.  murinum  Dionisi  1898,  in  Myotis  myotis  ,  P.  monosoma 
Vassal  1907,  in  Vesperugo  abramus  ;  P.  vassali  Sambon  1907,  in  Sciurus 
griseimanus  (a  squirrel). 

In  Birds. — P.  majoris,  in  Pavus  major  ;  P.  vaughani  Novy  and  MacNeal  1904, 
in  Merula  migratoria. 


LAVERANIA  299 

In  LizardSi — P.  simondi  (Hamocystidium  s.)  Castellani  and  Willey,  1905  in 
the  gecko  (Hemidactylus  leschenauUi)  in  Ceylon.  P.  diploglossi  Aragao  and 
Neiva  1909  in  Diploglossus  fasciatus  ;  D.  B.  and  P.  tropiduH  Aragao  and 
Neiva  1909  m  Tropidurus  torquatus  Wied  in  Brazil. 


Fig.  97. — Plasmodium  simondi. 
(After  Castellani  and  Willey.) 

Laverania. 

Plasmodidse,  in  which  the  gametocyte  is  dissimilar  from  the 
schizont,  appearing  in  the  form  of  a  crescent. 

Laverania  malarise  Grassi  and  Feletti  1890  (Plate  I.). 

Synonyms. — HcBmamceha  malarice  Laveran  1890,  R.  prcecox 
Grassi  and  Feletti  1890,  H.  laverani  Labbe  1894,  H.  immaculata 
Grassi  and  Feletti  1891,  Plasmodium  malarice  var.  quotidiance 
Celli  and  Sanfelice  1890,  P.  pracox  Doflein  1901,  P.  immaculatum 
Schaudinn  1902,  P.  falciparum  Blanchard  1905,  Hcem^menas  prcBcox 
Ross  1899,  Hmmosporidium  undecimance  Lewkowicz  1892,  H.  sede- 
cimance  Lewkowicz  1892,  H.  vigesimotertiancB  Lewkowicz  1892, 
Hamatozoon  falciparum  Welch  1897. 

The  young  trophozoite  begins  as  a  very  small  parasite,  which 
quickly  forms  a  ring,  of  which  the  size  is  only  one-sixth  to  one-seventh 
of  the  diameter  of  the  enclosing  red  cell.  This  quickly  grows  into 
an  oval  form,  which  becomes  pigmented,  while  the  enclosing 
erythrocyte  in  stained  preparations  may  show  the  so-called 
Maurer's  dots,  the  significance  of  which  is  not  understood. 

The  fully-grown  schizont  (size  4-5  /*)  is  but  rarely  seen  in  the 
peripheral  blood,  and  the  segmentation  into  merozoites  (size  07  /u) 
nearly  always  takes  place  in  the  internal  organs,  when  eight  to  ten 
or  fifteen  are  formed.  While  this  is  in  progress  there  is  a  great 
tendency  for  the  red  corpuscles  to  cling  together  and  to  the 
wall  of  the  vessel,  and  hence  to  give  rise  to  obstruction  of  the 
circulation,  which  produces  the  perniciousness  of  the  fevers  due  to 
this  parasite. 

Schizogony  takes  from  thirty-six  to  forty-eight  hours  to  be 
completed. 

The  gametocytes  are  characterized  by  being  crescent-shaped  and 
large,  with  the  remains  of  the  red  cell  stretched  round  them.    The 
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haemoglobin  of  the  cell  is  often  seen  lying  in  juxtaposition  to  the 
parasite,  while  the  remaining  portion  of  the  corpuscle  is  almost 
colourless. 

The  macrogametocyte  is  characterized  by  its  long  thin  shape, 
its  darker  cytoplasm,  and  its  compact  chromatin,  around  which  the 
hsemozoin  forms  a  ring  or  mass. 

The  microgametocyte  has  a  shorter  and  broader  shape,  more 
hyaline  cytoplasm,  with  more  diffused  chromatin  and  more  scattered 
pigment. 

The  formation  of  the  macrogametocytes  and  the  microgametocytes 
has  been  followed,  and  the  oocyst  and  sporozoites  are  easily  seen, 
especially  in  mosquitoes  on  the  West  Coast  of  Africa,  being  clear, 
round  parasites  with  the  black  hsemozoin  gathered  into  a  clump, 
with  a  single  nucleus  on  the  second  day,  and  with  considerable 
increase  in  size  on  the  third  to  fourth  day,  when  the  wall  of  the  cyst 
can  be  easily  seen. 

On  the  fifth  to  sixth  day  the  enormous  increase  in  size  is  noted, 
and  the  sporoblasts  with  commencing  sporozoites.  On  the  seventh 
day  the  cyst  is  full  of  sporozoites,  which  pass  on  the  following  days 
to  the  salivary  glands. 

Differential  Characters  of  the  Malarial  Parasites. 


Character. 

p.  malarise. 

p.  vivax. 

L.  malariae. 

Schizogony     . . 

Completion      in 

Completion     in 

Completion    in 

seventy  -  two 

forty  -  eight 

forty  -  eight 

hours. 

hours. 

hours  or  less. 

Young  tropho- 

Young   tropho- 

Young     tropho- 

Young  tropho- 

zoite 

zoite,    smaller 

zoite,     large; 

zoite,    small  ; 

than    P.    vivax. 

very  actively 

actively  motile. 

larger    than    L. 

motile  ;     long 

malaricB  ;  move- 

pseudopodia. 

ments  rather 

slow ;      pseudo- 

podia       not 

marked  or  long. 

Haemozoin 

Granules     coarse, 

Granules    fine ; 

Granules  fine  and 

sluggish  ;     peri- 

movement 

scanty ;      often 

pherally     ar- 

marked. 

motionless. 

ranged  ;       dark 

brown. 

Schizont 

Smaller  than  red 

Larger    than    red 

Much  smaller  than 

corpuscle. 

corpuscle. 

red  corpuscle. 

Merozoites 

Six      to      twelve, 

Fifteen  to  twenty. 

Eight    to    fifteen, 

regularly    ar- 

regularly   ar- 

arranged irregu- 

ranged    in     a 

ranged. 

larly. 

rosette. 

Gametocytes 

Resemble  sporonts, 

Resemble  sporonts, 

Crescentic    in 

but  larger. 

but  larger. 

shape. 

Erjrthrocytes 

Almost  normal. 

Pale  and  swollen. 

May  be  small  and 
dark. 

SPIROCHMTACEA  ^m 


APPENDIX.— SPIROCHffiTACEA  Fantham  1908. 

Synonyms.— Pro/?age//a<fl;  Doflein ;  SpiroschaudinnidcB  Sambon 
1907  ;  Spiroflagellata  Krzysztalowicz  and  Siedlecki  1907. 

Definition.— Plasmodromata,  generally  parasitic,  in  form  narrow, 
wavy,  and  thread-like,  with  or  without  an  undulating  membrane! 
The  cytoplasm  is  divided  into  endoplasm  and  ectoplasm,  and  is 
bounded  by  a  flexible,  chitinous  periplast.  The  nucleus  consists  of 
a  spiral  achromatic  filament,  on  which  are  arranged  transverse  bars 
or  rodlets  of  deeply  staining  chromatin. 

Remarks. — ^The  Spirochsetacea  are  closely  related  to  the  Binu- 
cleata,  and  especially  to  the  Trypanosomidse. 

The  Treponemata  are  joined  to  the  spirochaetes  because  of  their 
general  resemblance,  though  it  must  be  admitted  that  no  nucleus 
of  the  nature  of  the  spirochsete  nucleus  has  yet  been  described, 
and  the  spirals  are  apparently  not  due  to  movement. 

The  Spirochsetacea  are  potent  factors  in  the  production  of  disease, 
for  5.  recurrentis  is  the  cause  of  one  type  of  relapsing  fever,  5.  carteri 
of  another,  5.  duttoni  of  another,  and  S.  novyi  of  yet  another,  while 
the  Treponemata  are  the  cause  of  syphilis  and  yaws. 

The  Spirochsetacea  may  be  divided  into  two  families  :  the  Spiro- 
chsetidae  Ehrenberg  1833 — Spirochsetacea  with  an  undulating 
membrane  ;  the  Treponemidse  Schaudinn  1905 — Spirochsetacea 
without  an  undulating  membrane. 

Spirochsetidse  Ehrenberg  1883. 

Definition.^Spirochaetacea  with  an  undulating  membrane.  Body 
may  be  ribbon-shaped  on  transverse  section. 

Remarks. — ^There  is  a  difference  of  opinion  as  to  whether  these 
organisms  are  protozoa  or  bacteria.  At  first  they  were  universally 
regarded  as  bacteria,  but  in  1904  Schaudinn's  paper  on  the 
leucocytozoon  in  the  little  owl  showed  that  this  body,  after  fer- 
tilization in  the  gut  of  Culex  pipiens  and  subsequent  asexual 
division,  produced  a  large  number  of  minute  forms  which  he  at 
the  time  considered  to  be  spirochaetes,  and  he  further  concluded 
that  in  all  probability  all  spirochaetes  were  stages  in  the  life- 
history  of  intracellular  parasites.  In  1905,  however,  he  came  to 
the  conclusion  that  the  spirochsete  forms  which  he  had  seen 
develop  from  T.  ziemanni  were  trypanosomes.  In  fact,  there 
is  one  great  point,  of  difference — the  forms  which  he  described 
possess  a  distinctly  consolidated  nucleus,  whereas  spirochsetes  do 
not.  After  this  the  view  that  spirochsetes  were  bacteria  was  revived, 
particularly  by  Novy  and  Knapp,  on  the  following  grounds  : 

1.  Absence  of  trophonucleus. 

2.  Transverse  division. 

3.  Rapid  multiplication. 

4.  Absence  of  plasmolysis  with  distilled  water. 
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5.  Persistence  of  form  when  acted  upon  by  heat. 

6.  The  production  of  active  immunity. 

7.  The  absence  of  aerotropism— j.e.,  the  tendency  to  mass  round 
a  bubble  of  air.  . 

On  the  other  hand,  there  is  a  growing  feehng  among  biologists 
that  spirochtetes  are  really  protozoa— e.g.,  Doflein,  Minchin,  Sambon, 
Nuttall,  Fantham,  and  Krzysztalowicz  and  Siedlecki.  Fantham 
points  out  that  the  strongest  arguments  in  favour  of  their  being 

bacteria  are :  •        1       7 1  •  ■ 

1.  Diffuse  character  of  nucleus  somewhat  like  Bacillus  butschht. 

2.  The  possible  occurrence  of  transverse  fission. 

3.  The  absence  of  a  typical  kinetonucleus ; 

while  the  points  in  favour  of  their  belonging  to  the  protozoa  are  : 

1.  The  possession  of  an  undulating  membrane. 

2.  The  occurrence  of  longitudinal  division  (denied  by  Schellac). 

3.  The  non-plasmolysis. 

4.  Inability  to  find  artificial  media  on  which  they  can  grow. 

We  consider  that  they  are  protozoa,  and,  further,  that  they  are 
related  to  the  trypanosomes.  Spirochsetes  are,  however,  distinctly 
pecuHar,  particularly  with  regard  to  their  diffuse  nucleus  ;  but 
there  appears  to  be  almost  a  series  from  the  diffuse  nucleus  of  the 
bacteria  through  the  achromatic  spiral,  with  its  attached  chromo- 
somes of  the  spirochetes,  to  the  condensed  nucleus  of  the  higher 
protozoa.  Schellac  derives  them  phylogenetically  from  the  oscilla- 
tory cyanophees  genus  spirulina. 

Spirochaetes  vary  much  in  size,  from  Spirochceta  recurrentis, 
which  is  8  ju  in  length,  to  S.  balbianii,  which  may  be  150  /*  in  length 
and  2  to  3  /t  in  thickness.  The  type  species  5.  plicatilis  was  found 
in  muddy  water  by  Ehrenberg  in  1833,  and  was  said  by  Schaudinn 
in  1905  to  possess  an  undulating  membrane.  Sambon,  however,  con- 
siders that  this  so-called  type-species  is  quite  different  to  S.  recur- 
rentis, and  should  be  placed  in  a  different  group  therefrom.  The  most 
carefully  studied  types  are  S.  balbianii  Certes  1882,  found  in  oysters, 
and  5.  anodontcs  Keysselitz  1906,  both  of  which  have  been  the 
subject  of  research  by  Fantham,  whose  results  are  here  followed. 
These  organisms  are  long,  wavy,  and  thread-like,  composed  of  cyto- 
plasm, which  can  be  differentiated  into  an  ectoplasm,  which  is  gener- 
ally converted  into  a  thin,  flexible,  chitinous  membrane,  the  periplast, 
which  is  continued  laterally  into  a  spirally  arranged,  undulating 
membrane  containing  longitudinally  arranged  fibriJlse,  and  having 
a  thickened  border  composed  of  chromatin.  The  longitudinal 
fibrillse  are  composed  of  eight  to  nine  principal  and  numerous 
secondary  fibrillse,  which  are  contractile,  and  are  called  '  the 
myoneme  fibrillse,'  corresponding,  it  is  believed,  to  the  myonemes 
of  trypanosomes  (Fig.  98). 

The  undulating .  membrane  helps  in  locomotion,  which  is  rapid, 
and  takes  place  by  a  wave-like  flexion  of  the  body,  which  causes 
forward  movement,  and  a  corkscrew  motion,  produced  by  the 
spiral  winding  of  the  membrane  enabling  the  parasite  to  bore  its 
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Fig. 


-Spirochetes. 


I,  SpirochcBta  anodontcz,  showing  the  undulating  membrane  and  chromatic 
ars  (after  Fantham,  Quartetly  Journal  of  Microscopical  Science)  ;  2,  Spiro- 
hcBta  balbianii,  showing  fibrillae  in  undulating  membrane  (after  Fantham)  ; 
-7,  Spirochceta  duttoni  (after  Breinl,  Annals  of  Tropical  Medicine  and  Para- 
itology) ;  4,  shows  the  uncoloured  transverse  band  ;  5,  longitudinal  division  ; 
.  possible  male  and  female  forms  ;  7,  encystment. 
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way  through  the  debris  amidst  which  it  may  be  hvmg.  A  spiro- 
chcete  can  move  backwards  or  forwards  indifferently. 

The  endoplasm  is  slightly  more  granular  than  the  ectoplasm, 
and  contains  a  diffuse  nucleus,  which  appears  to  consist  ot  an 
achromatic  filament  with  bars  of  chromatin. 

In  addition  to  this  nucleus  there  is  a  dot  of  chromatm  (basal 
granules)  at  each  end  of  the  periplast  in  S.  halbianii,  and  only  at  one 
end  in  S.  anodontce ;  in  the  latter  a  short,  stiff  process  of  periplast 
projects  from  it,  which  is  considered  by  some  observers  to  be  a 

flagellum.  ,.     ,       ^  , 

Reproduction  takes  place  by  both  longitudinal  and  transverse 
divisions ;  it  has  been  described  by  Fatham  and  Porter  in  S.  recur- 
rentis,  S.  anadontce,  S.  halbianii,  and  S.  duttoni.  The  basal  granule 
first  divides,  and  then  the  membrane,  followed  by  the  cytoplasm, 
as  far  as  one  end,  which  does  not  divide  at  once,  but  later,  thus 
completing  the  act  of  asexual  reproduction. 

Encystment  and  conjugation  have  been  described,  but  are 
regarded  as  doubtful,  and  so  are  the  occurrence  of  broad  female 
forms  and  narrow  male  forms. 


Fig.  99. — Schizogony  of  Spiroch^ta  marchouxi. 
(After  Sambon.) 

With  regard  to  encystment,  Breinl  states  that,  just  before  the 
crisis  in  the  fever,  S.  duttoni  in  the  spleen  and  bone-marrow  becomes 
thinner,  and  rolls  itself  up  into  complicated  skein-like  forms,  which 
become  surrounded  by  a  thin  cyst-like  wall,  inside  which  it  becomes 
more  and  more  indistinct,  and  finally  breaks  up  into  smaU  granules, 
which  are  thought  to  be  the  forms  which  develop  into  new  spiro- 
chaetes.  Sambon  pointed  out  that  the  peculiar  bodies  described  by 
Balfour  in  the  blood  of  Sudanese  fowls  were  roUed-up  spirochsetes 
breaking  up  into  granules,  which  is  probably  a  kind  of  fragmentation 
(schizogony). 

With  regard  to  conjugation  and  the  cycle  of  sporogony,  still 
less  is  known.  In  the  case  of  S.  duttoni  it  may  take  place  in  the 
tick. 

Classification. — One  genus  and  many  species.  Sambon  has 
recently  suggested  that  two  genera  should  be  distinguished — viz., 
a  non-parasitic  Spirochseta  Ehrenberg  1833,  and  a  parasitic  Spiro- 
schaudinnia  Sambon  1907,  a  division  which  will  probably  be  recog- 
nized in  a  few  years. 
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Spirochaeta  reeurrentis  Lebert  1874. 

Synonym. — S.  obermeyeri  Cohn  1875 

This  spirochaete  was  discovered  by  Obermeyer  in  cases  of  relapsing 
Tr'l'^If^''-  I*  f  ^^^^  i"  the  blood  in  short  and  long  foms 
J«rS.?™Tl.''^'\^''  ^^^  7  to  9  ^  in  length,  are  probably 
or  /.2Ef.  rl^  wf'  '^  ^?-  '9  ^'  '^es^lt  from  multiphcation 
Iv^C  f  f  T^^^"^"^  condition  in  a  hyperimmune  blood 
may  lead  to  forms  18  to  100  /.  in  length,  brought  about  by 
agglutination  of  two  or  more  °  t>  "y 

cells  end  to  end.    The  width  is  "^ 

025 /A.  The  number  of  spirals 
in  the  short  form,  which  is 
considered  to  be  one  cell,  is 
two  to  three. 

The  short  form  is  said  by 
Novy  and  Knapp  to  have  "a 
long   flagellum   at    one    end     ^'°-    loo-— Spiroch^ta  recurrentis, 
while   the   other   has    a  faint        cZAR^Jsr^  °^  ""^^  ^°"''"''"'' ^°"' 
appendage.     The  presence  of 
flagella  in  this  as  well  as  in  other  spirochsetes  is  denied  by  Nuttall. 

No  definite  structure  has  been  made  out  in  this  spirochjete, 
which  is  pathogenic  to  man,  monkeys,  rats,  and  mice  ;  but  these 
latter  have  to  be  infected  from  a  monkey.  Rabbits  or  guinea-pigs 
are  not  susceptible.  It  is  found  in  the  peripheral  blood  during  the 
attacks  and  relapses,  but  not  in  the  intermission,  unless  occasionally 
after  very  protracted  search.  It  can  also  live  in  the  bed  bug — 
Cimex  lectularius — for  some  days,  and  Nuttall  has  succeeded  on 
one  occasion  in  transmitting  S.  recurrentis  from  mouse  to  mouse 
by  the  bites  of  the  same  bug.  Positive  results  have  also  been 
obtained  by  Sikul  in  Odessa^ 

Spirochaeta  duttoni  Novy  and  Knapp  1906. 

Synonyms. — Spirillum  duttoni  Novy  and  Knapp  1906  ;  Spiro- 
chesfa  duttoni  Todd  1906. 

This  spirochaete  is  the  cause  of  the  African  tick  fever.  Its  length 
is  variously  described ;  thus  Novy  and  Knapp  say  that  the  young 
forms  are  16  /x  in  length,  while  Breinl  and  Kinghorn  make 
them  24  ju  in  length  and  0'45  /*  in  width  when  fully  grown.  The 
number  of  spirals  varies  from  two  to  three  to  eight  to  ten,  with  a 
width  of  2 '2  /t.  The  parasite  is  ribbon-shaped  on  transverse  section, 
and  though  it  is  often  in  spirals,  may  be  simply  waved.  The  two 
ends  are  pointed. 

The  central  core  is  seen  to  consist  of  lighter  and  darker  portions, 
which  correspond  to  the  chromatic  and  the  achromatic  portions  of 
the  nucleus.  The  chromatic  portion  can  break  up  into  granules, 
when  the  parasites  begin  to  disappear  from  the  circulation. 

The  periplast  is  well  marked,  but  there  is  great  doubt  as  to  the 

20 
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presence  of  an  undulating  membrane.  Breinl,  who  has  studied 
the  subject  carefully,  could  not  definitely  define  one,  but  Button 
and  Todd  have  seen  it  in  blood  taken  directly  from  the  circulation 
in  man,  or  animals,  or  from  the  gut  of  Orniihodoros  moubata,  A 
small  uncoloured  transverse  band  is  often  to  be  seen  in  specimens 
stained  by  Giemsa  lying  across  the  parasite,  about  one-third  its 
length  from  one  end. 

Reproduction  can  take  place  by  longitudinal  and  transverse 
division.  In  the  former  the  parasite  thickens  and  then  divides 
from  one  end,  while  in  the  latter  the  parasite  increases  in  length 
and  divides  in  the  middle.  Some  authors  deny  the  occurrence  of 
transverse  division,  but  this  is  untenable  after  Fantham  and  Porter's 
experiments. 

There  is,  however,  another  and  but  little  known  method  of  re- 
production, which  appears  to  be  analogous  to  spore-formation. 

Just  before  the  crisis,  when  the  blood  is  swarming  with  parasites, 
they  can  be  seen,  according  to  Breinl,  in  the  spleen  and  bone-marrow, 
and  more  rarely  in  the  liver,  coiling  themselves  up,  and  either  show- 
ing a  swollen  appearance,  or  becoming  thinner  and  rolling  themselves 
into  more  and  more  complicated  skein-like  forms,  which  may  be 
engulfed  by  phagocytes  in  the  spleen,  but  in  other  organs  become 
more  regular  and  surrounded  by  a  thin  cyst-wall,  the  interior  of 
which  is  filled  with  faintly  blue-staining  plasma. 

In  this  cyst  the  parsisite  becomes  more  and  more  indistinct,  and 
at  a  later  stage  smsdl  red  granules  are  to  be  seen,  which  are  thought 
to  be  the  cause  of  the  infection  in  the  blood  when  filtered  through 
a  Pasteur-Chamberland  filter.  Therefore,  according  to  the  latest 
investigations  by  Breinl,  the  life-history  of  the  parasite  has  two 
weU-defined  stages  in  the  vertebrate.  In  the  first  it  is  found  free 
in  the  liquor  sanguinis  in  its  typical  form ;  in  the  second  it  enters  a 
cell,  and  becoming  coiled,  its  chromatin  breaks  up  into  a  number  of 
granules,  each  of  which  is  believed  to  become  a  new  spirochsete. 

The  stage  in  the  liquor  sanguinis  is  associated  with  the  febrile 
attacks,  and  that  in  the  cells  with  the  apyrexial  intervals. 

S.  duitoni  is  conveyed  to  man  and  animals  by  the  bites  of  a  tick, 
Ornifhodoros  moubata,  in  the  gut  of  which  it  becomes  differentiated 
into  three  t3rpes  —  one  slender,  another  stout,  and  a  third  very 
long — while  other  forms  can  be  seen  coiled  in  the  white  and  red 
cells  of  the  ingested  blood,  and  within  the  cells  of  the  alimentary 
canal  or  Malpighian  tubules. 

The  chromatin  of  these  forms  becomes  minutely  divided  into 
fine  or  coarse  granules,  which  possibly  may  become  comma-shaped 
masses  of  chromatin,  and  grow  into  small  spirochsetes.  The  tick 
remains  infective  for  a  very  long  time — according  to  MoUer,  as  long 
as  eighteen  months — and  the  infection  can  be  passed  through  the 
eggs  into  a  new  generation  of  ticks,  as  has  been  demonstrated  by 
Button  and  Todd;  while  according  to  MoUer,  ticks  may  remain 
infective  to  the  third  generation,  even  if  the  second  generation 
have  only  fed  on  clean  animals. 
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StJt^i°:'ialTust^SJ:^°''  '^''^   ^°   ''^''^^'   '■  ^««''--  ^y  -ans  of 

Attempts  to  cultivate  S.  duttoni  as  well  as  the  other  spirochetes 

have  failed,    although  Levaditi  has   observed  them  to^  multTplv 

rlwts      r*^  ?1  '°f^'°^  '""^^  P^"^^^  i^  the  peritoneal  cTvrtfo^ 

cStivari.^rif'  ^^^^e^e^^'  Duval  and  Todd  have  succeeded  in 

W  ir+l      11  T  °''  ^  ""'^"^  °^  ^gg^  a"d  defibrinated  blood. 

For  further  details  concermng  the  life-history  of  this  spirochcete, 

aipletliV'^r.ts'^  *'^  "^^^^^  on- African^Relapsinl  Fever  in 

Spiroehaeta  rossii  Nuttall  1908. 

This  spirochsete  can  only  be  distinguished  from  S.  duttoni  by  its 
biological  reactions.  It  is  the  cause  of  East  African  relapsing  fever 
and  is  conveyed  by  Ornithodoros  moubata. 

Spiroehaeta  novyi  Schellach  1907. 

In  1907  Professor  Manteufel,  while  investigating  an  accidental 
laboratory  infection  of  relapsing  fever,  found  that  the  serum  of  the 
patient  agglutinated  a  spirochaete  found  by  Novy  in  a  case  of 
relapsing  fever  in  America  in  a  dilution  of  i  in  100,  but  showed 
no  such  power  over  the  spirochaste  of  the  European  disease. 

Moreover,  it  gave  Pfeiffer's  reaction,  being  active  in  doses  of 
0-05  c.c.  in  experimentally  infected  mice.  Schellach  has  investi- 
gated this  spirochcete,  and  given  it  the  specific  name  used  above. 
He  finds  it  is  17  to  20  n  in  length,  with  six  to  eight  undulations, 
and  a  thickness  of  0-31  /*.  He  gives  the  dimensions  for  the  5.  re- 
currentis  as  19  to  29  /*,  with  eight  to  ten  undulations  and  a  thickness 
of  0-39  iJL,  and  S.  duttoni  as  24  /«  at  the  most,  with  eight  to  ten  undula- 
tions, and  a  thickness  of  0-45  /* ;  which  appear  to  be  very  different 
from  Novy's  table  given  under  5.  carteri. 

The  spirochaste  appears  to  have  great  flexibility  and  activity 
of  movement.  One  end  has  a  filiform  prolongation  about  5  /*  in 
length,  while  the  other  is  merely  pointed.  No  undulating  mem- 
brane could  be  differentiated ;  but  he  states  that  he  was  able  to 
demonstrate  lateral  cilia,  which  he  considers  to  be  artificial ;  but  this, 
in  our  opinion,  is  highly  suggestive  of  the  presence  of  an  undulating 
membrane.  Coloured  granules  could  be  made  out  when  stained  by 
Giemsa.     Reproduction  was  usually  by  transverse  division. 

The  spirochsetes  are  found  in  the  blood  during  the  attacks  of 
fever,  and  equally  distributed  in  the  organs  in  the  apyrexial  interval. 

Spiroehaeta  earteri  Manson  1907. 

S.  carteri  has  not  yet  been  sufficiently  studied,  but  it  is  apparently 
thinner  than  5.  novyi,  and  it  is  not  agglutinated  by  serum  of 
animals  immunized  against  5.  novyi. 
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Novy  and  Knapp  give  the  following  differences  between  S.  carteri, 
S.  dutioni,  and  S.  novyi : 


Character. 

SpirocJiceta. 
ncwyi. 

Spirochceta 
duttoni. 

SpirocJuBia 
carteH. 

Length  of  simple  cell 
Length  of  double  cell 

Width           

Number  of  turns  in  a  single 

cell             

Distance  between  the  turns 

Movement    . . 

Number  in  peripheral  blood 

8m 
16-20  M 
0-25  IX 

2'3  ^ 

1-5  A 
Vigorous 

Many 

16  IX 

30  A 
0'2  /i 

'■5  /* 

4-5  M 

Little 

Few 

8a 

16-20  IX 

0'2  IX 

2-3  ^ 

2-3/* 

Many 

They  can  also  be  distinguished  by  agglutination,  immunization 
tests,  by  Pfeiffer's  reaction,  and  by  certain  animals  being  suscep- 
tible to  some  species  and  not  to  others.  Mackie  has  suggested  that 
Spirochceta  carteri  may  be  transmitted  by  a  pediculus.* 

Spirochseta  schaudinni  Prowazek  1907. 

This  is  a  very  active  motile  spirochaete  10  to  20  /*  in  length, 
with  a  well-marked  undulating,  membrane  and  one  rather  short 
flagellum.  Male  and  female  forms  can  be  seen,  according  to 
Prowazek.  Division  is  longitudinal.  It  is,  according  to  Prowazek, 
the  cause  of  ulcus  tropicum,  and  is  possibly  transmitted  by  a  leech., 

Spirochseta  vlncenti  R.  Blanchard. 

This  spirochete  is  12  to  25  ^  in  length,  tapering  at  both  ends, 
and  possessing  comparatively  few  elongated  spirals. 

It  is  often  associated  with  the  so-called  fusiform  bacilli,  and  is 
considered  to  be  the  caUse  of  Angina  Vincenti.  Some  authors 
believe  that  the  same  spirochaete  is  found  in  hospital  phagedsena, 
in  noma,  and  in  ulcus  tropicum. 

Spirochseta  aboriginalis  Cleland  1909. 

This  spirochaete  was  found  by  Wise  in  British  Guiana  in  1906, 
and  by  Cleland  in  West  Australia  in  1909  in  cases  of  granuloma 
inguinale.  Its  length  is  6  to  18  /*,  and  it  possesses  but  few  coils 
which  vary  in  depth.  The  extremities,  according  to  Cleland,  are 
blunt.  Similar  spirochaetes  have  been  found  by  Wise  and  others 
in  a  peculiar  granulomatous  affection,  which  attacks  the  genital 
Drgans  of  dogs  and  bitches. 

Spirochseta  bronchialis  Castellani  1907. 
This  parasite  was  found  by  Castellani  in  cases  of  bronchitis  in 
Deylon.     The  name  probably  includes  several  varieties  of  spiro- 

*  According  to  Strong's  experiments,  rats  immunized  against  S.  recurreniis 
a,nd  S.  novyi  are  immune  to  5.  carteri.  He  therefore  believes  these  three 
strains  to  be  closely  allied,  if  not  identical. 
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chsetes.     The  commonest  form  is  7  to  15  /.  in  length,  and  dehcate 
in  appearance,  and  shows  a  variable  number  of  coils,  and'  often 
tapers  at  both  ends. 
Thick  and  extremely  delicate  forms  can  also  be  seen. 

Spirochaeta  balbianil  Certes  1882. 
This  spirochaete  is  found  in  the  crystalhne  style  of  oysters.  The  ovster= 
are  apparently  affected  ;  at  all  events,  they  are  poorly  developed.  It  has  a 
well-defined,  undulating  membrane,  strengthened  by  myonemes,  and  also  a 
diffuse  nucleus  of  rodlets  of  chromatin  on  an  achromatic  spiral,  as  has  already 
been  described.  ^ 

Spirochseta  anodontse  Keysselitz  1906. 

S.  anodontiB  was  found  in  the  crystalline  style  of  Anodonta  mutabiUs  by 
Keysselitz  in  1906,  and  in  that  of  A.  cygnea  by  Fantham  in  1908. 

It  is  40  ^  in  length  by  07  /j.  in  breadth,  with  pointed  ends  and  a  spirally 
wound  undulating  membrane.  The  nucleus  is  diffuse,  consisting  of  chromatin 
rodlets  on  a  more  faintly  staining  spiral. 

Spirocheeta  anserina  Saccharoff  1891. 
Found  in  enormous  numbers  in  the  blood  of  geese  in  the  Caucasus  and 
Tunis.     It  causes  fever,  diarrtosa,  tenderness  of  the  feet,  and  death  iu  about 
a  week,  the  mortaUty  being  80  per  cent.     It  can  be  inoculated  into  other 
geese.  , 

Spirochaeta  marchouxi  Nuttall  1904. 

Synonym. — Spirochceta  galUnarum  R.  Blanchard  1905. 

This  spirochaete,  which  has  been  discovered  by  Marchoux,  Salimbeni  and 
studied  by  Balfour,  is  about  to  to  20  ^.  in  length,  causes  disease  in  fowls  in  many 
countries — e.g.,  Brazil,  the  Sudan,  Egypt,  and  Tunisia.  The  symptoms  are 
fever,  diarrhoea,  anaemia,  somnolence,  convulsions,  and  death  in  four  to  five 
days,  or  in  chronic  cases  cachaexia  and  death  in  fourteen  days.  As  first 
observed  by  Sambon,  it  appears  to  enter  the  red  corpuscle,  and  to  break  up 
within  it  in  a  way  which  reminds  one  of  the  description  already  given  for 
S.  duttoni.  It  is  spread  by  Argas  persicus  and  other  Argasidje,  as  Fiillebom 
has  shown  with  Ornithodoros  moubata.  Balfour  has  made  the  important 
observation  that  in  the  infected  ticks  chromatin  granules  are  present  as 
described  by  Leishman  in  5.  duttoni. 

Spirochaeta  neveuxii  Brumpt  1909. 

Brumpt  describes  this  spirochaete  as  morphologically  identical  with 
S.  maychouxi,  but  cross  immunization  shows  that  the  two  species  are  different, 
ft  is  the  cause  of  fowl  spirochaetosis  in  Senegal,  and  is  spread  by  Argas 
persicus. 

Spirochaeta  theileri  Laveran  1904. 

This  spirochaste,  discovered  by  Theiler  in  1902,  is  found  in  cattle  in  Africa 
ibout  Pretoria,  in  the  Cameroons,  and  in  East  Africa.  The  symptoms  are  not 
Jear,  as  babesia  has  also  been  seen  in  the  same  animals.  It  is  spread  by 
\iargaropus  decoloratus,  the  blue  tick. 

Spirochaeta  ovina  R.  Blanchard  1906. 
This  spirochaste  may  be  the  same  as  5.  theileri.     It  was  found  by  Martoglio 
nd  Carpano  in  sheep  at  Erythraea,  on  the  Red  Sea,  and  by  Theiler  in  the 
'ransvaal. 

Spirochaeta  equi  Novy  and  Knapp  1906. 
Found  by  Theiler  in  the  Transvaal,  and  by  Martin  in  French  Guinea,  and 
lay  be  the  same  as  5.  theileri. 

Other  Spirochaetes. — 5.  vespertilionis  Novy  and  Knapp,  found  by  NicoUe 
id  Contine  in  1905,  in  Vespertilib  kuhli. 
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S.  hachaizcB  Kowalski,  found  in  cholera  motions. 

S.  cuHcis  Jaffe,  found  in  the  gut  and  Malpighian  tubules  of  Culex  pipiens 
md  the  larva  of  Anopheles  maculipennis. 

S.  deniium  Miller,  in  the  human  mouth. 

S.  muris  Wenyon  and  S.  laverani  Breinl  and  Kinghorn,  in  mice. 

S.  refringens  Schaudinn,  associated  with  Treponema  pallidum  in  syphilis. 

S.  acuminata  Castellani  and  5.  obtusa  Castellani,  in  the  open  sores  of  yaws. 

S.  bufonis  Dobell  1908,  found  in  the  rectum  of  a  frog. 

S.  plicitalis  Ehrenberg  1833,  found  in  pond-water. 

S.  glossints  Novy  and  Knapp  1906,  in  the  stomach  of  tsetse-flies. 

5.  macaci  Castellani  and  Chalmers  1908,  found  by  us  in  monkeys  in 
Ceylon  in  1906.  Somewhat  similar  spirochaetes  have  been  found  by  Leishman 
and  Balfour  in  other  species  of  monkeys. 

S.  microgyrata  Gaylord  and  Calkins  1907,  in  cancer  of  the  breast  in  mice. 

S.  balanitidis  Hoffmann  and  Prowazek  1906,  found  by  Hoffmann  and 
Prowazek  in  balanitis. 

S.  lutrcs  Prowazek  1907,  found  by  Prowazek  in  the  otter. 

Other  spirochetes  not  as  yet  determined  have  been  found  in  dysentery 
(Le  Dantec,  Toussaint,  Simonin),  in  suppurative  conditions  (Mutzer),  in  the 
bone-marrow  in  a  case  of  profound  anaemia  (Moritz).  Recently  Sambon  has 
found  spirochaetes  in  scrapings  from  gastric  ulcers  in  a  fox. 

Various  spirochaetes  have  also  been  observed  in  the  stomach  of  normal  cats, 
dogs,  and  rats  (Bizzozzero,  Salomon),  in  the  intestinal  ulcers  of  dogs  and 
monkeys  affected  with  trypanosomiasis  (Balfour),  in  the  intestine  of  normal 
mice  (Wenyon)  and  birds  (Kent). 

Treponemidae  Schaudinn  1905. 

Definition. — Spirochsetacea  with  a  minute  thread-Uke  body 
twisted  into  numerous  fine  coils,  with  pointed  tapering  extremities. 
The  body  iscyhndrical  on  section,  and  not  flattened,  and  the  spirals 
appear  preformed.     There  is  no  undulating  membrane. 

Classification. — Only  one  genus  and  three  species. 

Treponema  pallidum  Schaudinn  1905. 

Synonyms. — Spirochmta  pallida  Schaudinn  1905,  Spironema  pal- 
lidum Vuillemin  1905,  Microspironema  pallidum  Stiles  and  Pfander 
1905,  Trypanosoma  luis  Krzysztalowicz  and  Siedlecki  1905. 

This  Treponema  was  discovered  by  Schaudinn  in  syphiUs  in 
1905.  It  varies  from  4  /x  to  10  //  in  length,  average  7  /i,  with  a  width 
up  to  o'5  //..  It  is  twisted  into  spirals,  which  vary  from  six  to  twelve 
and  more  in  number,  the  average  being  eight  to  ten,  and  are  to  a 
certain  extent  preformed — i.e.,  not  due  to  the  parasite's  movements. 
It  moves  by  rotation  on  a  long  axis  by  gliding  movements,  forwards 
and  backwards,  and  also  by  flexion  of  the  whole  body.  The 
periplast  is  continued  as  long  delicate  processes  at  each  end,  which 
are  considered  by  some  to  be  flagella. 

Krzysztalowicz  and  Siedlecki  say  that  not  far  from  the  middle, 
the  body  may  be  nearly  straight,  and  a  clear  spot  can  be  observed, 
which  they  think  is  a  nucleus  ;  but  it  might  correspond  to  the  similar 
area  in  S.  duttoni.  They  also  describe  male  and  female  gametes 
and  conjugation,  which  they  think  leads  to  the  formation  of  a  cyst 
or  spore,  which  may  be  carried  via  the  blood-stream  to  different 
parts  of  the  body,  and  there  develop  into  treponemata. 
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The  parasite  is  found  in  the  primary  sores  and  in  the  secondary 
lesions,  but  is  very  difficult  to  detect  in  tertiary  eruptions,  though 
it  is  abundantly  present  in  the  liver,  spleen,  decidua,  the  placental 
vUli,  the  umbilical  cord  of  syphilitic  foetuses  and  infants. 

It  is  distinguished  from  other  spirochsetes  (5.  refringens)  which  may 
be  met  with  on  ulcerated  surfaces  by  difficulty  in  staining ;  number, 
character,  and  permanence  of  the  spirals  ;  the  terminal  pro- 
longations ;  absence  of  an  undulating  membrane  ;  minute  size,  and 
delicacy. 

Syphilis  can  be  inoculated  into  chimpanzees  and  many  other 
monkeys,  and  T.  pallidum  can  be  found  in  the  lesions  so  caused, 
the  incubation  being  fifteen  to  forty-nine  days,  average  thirty  days, 
for  the  primary  eruption ;  and  nineteen  to  sixty-one  days,  average 
thirty-three  days,  •  for  the  secondary  eruption  after  the  primary 
have  appeared.  In  the  lower  monkeys  the  lesion  remdns  localized 
to  the  seat  of  the  inoculation. 

Schereschewsky  has  cultivated,  with  a  certain  degree  of  success, 
T.  pallidum  on  a  medium  of  horse  serum,  brought  to  a  gelatinous 
consistence  by  heating  to  60°  C,  and  partly  autolyzed  by  keepmg 
in  an  incubator  at  37°  C.  for  three  days. 

Treponema  pertenue  Castellani  1905. 

Synonyms.— S^tVocAiSifa  pertenuis  Castellani  June  1905,  Spirochmta 
pallidula  Castellani  November  1905. 

It  is  found  in  the  scrapings  taken 
from  yaws  papules,  and  is  extremely  fine 
and  delicate,  varying  in  length  from 
a  few  microns  to  18  ft  to  20  /j.,  and 
possessing  numerous  uniform  small 
spirals.  The  extremities  are  often  pointed, 
but  may  be  blunt  or  loop-like.  Two 
treponemata  may  be  found  attached  end 
to  end  or  twisted  one  on  the  other,  so 
that  they  are  attached  at  only  one  end. 
A  few  chromatin  dots  can  be  seen  in  indi- 
viduals. No  undulating  membrane  has 
been  observed. 

Monkeys     can    be     successfully    inocu- 

lated    with    yaws,     and   in    the    lesions  p^^    loi.— Treponema 
caused    thereby    T.    pertenue     is     easily      pertenue  Castellani. 
found.     Monkeys  immunized  against  yaws 
do  not  become  thereby  immune  against  syphihs,  and  vtce  versa. 

Treponema  Sp.  (?)  Dpbell  1908. 
A  rather  doubtful  treponema  has  recently  been  described  by  Dobell  in  the 
intestine  of  Bufo  vulgaris  L. 
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CHAPTER  XIII 

BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 
PROTOZOA  {continued) 

Te'.osporidia — Gregarinida — Coccidiidea  —  Haemogregarinida  —  Neosporidia — 
Myxosporidia — Actinomyxidia — Sarcosporidia — Haplosporidia — Hetero- 
karyota — Ciliata — Holotricha — Heterotricha — References. 

PHYLUM  III.  TELOSPORIDIA. 

Definition. — Parasitic  plasmodromata  without  motile  organs,  in 
which  the  reproductive  phase  of  the  life-cycle,  which  produces  spores, 
is  distinct  from  and  follows  after  the  trophic  phase. 

This  phylum  is  considered  by  many  authorities  as  being  closely 
related  to  the  Mastigophora. 

All  the  Telosporidia  are  parasitic,  and  usually  begin  their  life-cycle 
as  small  amoeboid  bodies,  with  a  single  nucleus,  called  trophozoites, 
which  absorb  nutriment  and  grow,  and  when  fuUy  developed  show 
a  cuticle,  an  ectoplasm,  and  an  endoplasm.  The  ectoplasm  fre- 
quently has  contractile  fibrillae  called  myonemes.  The  endoplasm 
is  granular,  and  contains  a  vesicular  nucleus  with  chromatin  karyo- 
somes.  The  fully-grown  trophozoite  now  begins  to  divide,  and  is 
known  as  a  schizont,  which  reproduces  by  spore-formation.  These 
spores,  called  merozoites,  complete  the  cycle  of  asexual  reproduc- 
tion called  schizogony.  At  some  stage  in  the  life-history  of  the 
parasite,  generally  when  conditions  of  life  are  not  favourable,  some 
merozoites  are  produced,  which,  instead  of  developing  into  tropho- 
zoites, become  sexual  gametocytes,  male  and  female.  These  forms, 
which  are  often  resistant,  are  the  means  of  transmitting  the  given 
species  from  one  host  to  another.  They  produce  gametes,  which 
conjugate  and  form  bodies  called  sporoblasts,  and,  lastly,  spores 
called  sporozoites. 

The  Telosporidia  are  divided  into  three  orders :  Gregarinida, 
Coccidiidea,  Haemogregarinida. 

ORDER  I.  GREGARINIDA. 

Definition. — ^Telosporidia,  in  which  only  the  young  trophozoites  are  intra- 
cellular, the  fully-grown  forms  being  extracellular. 

Reproduction  by  Schizogony  or  Sporogony. — The  gregarines  are  essentially 
parasites  of  the  invertebrata,  not  being  found  in  true  vertebrates,  though 
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nown  in  Amphioxus  and  Ascidians.    They  are  generally  found  in  theArthro- 
oda  and  worins,  and  appear  to  be  non-pathogenic. 

Their  life-history  may  be  briefly  described  as  follows  :  The  young  tropho- 
jite  enters  a  cell,  generally  of  the  alimentary  canal,  in  which  it  grows,  appar- 
itly  causing  considerable  damage,  for  the  cell  first  swells  and  afterwards 
egenerates. 

In  the  meanwhile  the  parasite  has  found  its  way  either  wholly  or  partially 
ut  of  the  cell,  to  the  remains  of  which,  however,  it  is  attached  until  all 
ourishment  is  extracted,  when  it  becomes  coelozoic — i.e.,  it  leaves  the  remains 
f  the  cell,  and  dwells  either  in  the  alimentary  canal,  the  coelome,  or  the 
lood-stream.  The  young  parasite  is  unicellular,  having  its  cytoplasm  divided 
ito  ectoplasm  and  endoplasm.  The  ectoplasm  is  hyahne,  and  when 
illy  developed  has  three  layers  :  (i)  external  epicyte,  (2)  middle  sarcocyte, 
j)  internal  myocyte. 

The  last-named  contains  contractile  fibrils  called  myonemes.  The  endo- 
lasm  is  granular,  and  contains  a  well-developed  vesicular  nucleus.  A  uni- 
sUular  gregarine,  such  as  this,  belongs  to  the  suborder  Acephala,  and  is 
lustrated  by  Monocystis  agilis  Stein,  which  is  found  in  the  vesiculae  seminales 
f  Lumbricus  terrestris. 

On  the  other  hand,  in  such  a  gregarine  as  Pyxinia  frenzeli  Laveran  and 
tesnil,  a  part  of  the  sporozoite  grows  out  from  the  cell,  and  into  this  external 
ortion  the  nucleus  travels.  The  portion  left  in  the  cell  is  known  as  the 
epimerite,'  while  the  external  portion,  growing  considerably,  is  divided  by  a 
sptum  into  a '  protomerite '  near  the  cell,  and  a '  deutomerite '  away  from  the  cell. 

The  parasite  in  this  condition  is  called  a  cephalout,  and  belongs  to  the  sub- 
rder  CephaUna. 

In  due  course  the  trophozoite,  whether  entirely  or  partially  in  the  cell,  is  set 
ee,  either  by  bursting  its  way  out,  or  by  a  separation  between  the  epi-  and  pro- 
)merite.  The  cell  now  degenerates,  and  the  parasite  may  be  called  a  sporont. 
porogony  takes  place  by  two  sporonts  or  gametocytes  lying  side  by  side 
ecoming  enclosed  in  a  cyst  with  two  walls — an  external  epicyst  and  internal 
idocyst. 

The  karyosomes  of  the  nuclei  of  the  gametocytes  now  break  up  into 
dromidia,  which  collect  to  form  the  generative  nucleus.  This  divides  by 
litosis  to  form  a  large  number  of  nuclei,  which,  travelUng  to  the  surface  and 
irrounding  themselves  with  cytoplasm,  become  detached  as  gametes,  the  rest 
£  the  cell  forming  a  nucleus  de  reliquat  or  residual  mass.  Thus,  inside  the  cyst- 
alls  there  are  gametes  from  two  separate  parasites  and  two  residual  masses. 

Gametes  presumably  from  different  individuals  fuse  and  form  a  true  zygote 
ith  a  synkaryon.  Each  zygote  represents  a  sporoblast,  and  each  sporoblast 
ecomes  a  single  spore  by  the  secretion  of  a  chitinous  cuticle  and  the  contrac- 
on  of  its  protoplasm  (called  by  Minchin  the  '  sporoplasm  ') .  This  sporoplasm 
ivides  by  amitosis  into  eight  sporozoites  and  a  residual  mass.  During  this 
rocess  the  two  residual  masses  of  the  original  cyst  disappear.  The  cyst  now 
sntains  only  the  spores  which  used  to  be  called  pseudonavicellse.  These 
sores  are  intended  to  convey  infection  to  a  new  host,  in  the  intestine  of  which 
ley  set  free  the  sporozoites,  which  promptly  attack  either  the  cells  of  the 
itestine  or  some  other  organ,  thus  completing  the  cycle  of  sporogony. 

Schizogony. — This  is  uncommon  in  the  gregarines,  being  only  found  in  the 
chizogregarinidEe.  It  is  typically  seen  in  SchizooysHs,  in  which  the  tropho- 
oite  grows  into  a  schizont,  whose  nucleus  divides  into  a  large  number  of 
aughter  nuclei,  round  each  of  which  a  portion  of  cytoplasm  gathers,  forming 
merozoite.  This,  escaping  from  the  schizont,  infects  another  cell,  thus  com- 
leting  the  cycle  of  schizogony.  Some  of  the  merozoites  may  develop  by 
jorogony. 

Classification. — The  gregarines  are  classified  as  follows  : 

SUBORDER  I.  SCHIZOGREGARINIDA. 
Reproduction  by  schizogony  and  sporogony. 

Genera. — ScMzocysHs  Leger  1900,  in  the  intestine  of  Ceratopogon. 
Ophryocystis  Schneider  1884,  in  the  Malpighian  tubules  of  beetles. 
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SUBORDER  II.  EUGREGARINIDA. 

Reproduction  as  usual  by  sporogony.  Schizogony  very  rare,  if  present  at 
all,  and  only  in  the  earliest  cytozoic  stages.  The  Eugregarinida  are  divided  into 
two  tribes. 

Tribe  i.  Acephalina  KolUker. 

Synonym. — Monocystidea  Stein.     No  epimerite  and  no  septa. 

Genera  (eighteen  described  by  Minchin). — Monocystis  Stein  1848,  parasitic 
in  the  vesiculae  seminales  and  body  cavities  of  the  Oligochsetae  and  Cyclopidce  ; 
ZygocysHs  Stein  1848,  mLumbricus  agricola;  Zygosomal^sibbe  1899 ;  Lankesteria 
Mingazzini  1891,  in  Ascidians. 

Tribe  2.  Cephalina  Delage. 

Synonym. — Polycystidea  Stein.  With  epimerite,  and  with  or  without  a 
septum  in  the  body. 

SuBTRiBE  I.  Gymnosporea  Leger.  —  Cyst  with  naked  sporozoites 
(gymnospores). 

Family  i.  Aggregatid^  Labb6 — Genus:  AggregaiaFtenzel  1885. — Sporo- 
zoites grouped  about  residual  masses. 

Family  2.  Porosporid«  Labbe. — Each  sporoblast  giving  rise  to  numerous 
sporozoites  grouped  round  a  residual  mass. 

Genus. — Porospora  Schneider  1875.     P.  gigantea  in  the  lobster. 

SuETRiBE  2.  Angiosporea. — Spores  well  developed. 

Family  i.  Gregarinid^. — Trophozoites  with  simple  epimerites. 

Genera. — Gregarina  Dufour  1828.  Epimerite  conical  or  knobbed.  Species 
found  in  cockroaches,  earwigs,  meal-worms,  and  in  the  intestines  of  other 
insects.  Gamocystis  in  the  cockroach ;  also  Eirmocystis,  Hyalospora,  Euspora, 
Sphesrocystes,  Cnemidospora,  Stenophora. 

Other  families  are  Didymophyidse,  Dactylophoridae,  Actinocephalidae, 
Acanthosporidae,  Menosporidae,  Stylcarhynchidas,  and  Doliocystidae. 

ORDER  II.  COCCIDIIDEA. 

Definition. — ^Telosporidia,  parasitic,  as  a  rule,  in  epithelial  cells  of 
vertebrates  and  invertebrates.  Reproduction  always  by  both 
schizogony  and  sporogony. 

The  Coccidiidea  were  recognized  as  long  ago  as  1839  by  Hake, 
who  did  not  know  that  they  were  animals,  that  discovery  being 
made  by  Remak  (1845) ;  while  Lieberkiihn  in  1854  showed  that 
they  were  allied  to  Gregarines.  Leuckart  (1876)  gave  them  the 
name  Coccidium,  while  Schaudinn  in  1900  first  described  a  full  and 
complete  life-history  of  Coccidium  schubergi,  which  will  be  taken  as 
the  type. 

Coccidium  sehubergi  Schaudinn  1900. 

Coccidium  sehubergi  begins  its  life-history  in  the  intestinal  cell  of  the  centi- 
pede [Lithohius  forficatus  L.)  by  a  sporozoite  pressing  its  anterior  end  against 
m  intestinal  cell,  and  thus  forcing  a  way  into  its  interior. 

Inside  this  cell  it  becomes  the  young  trophozoite,  an  oval  body  which  grows 
■apidly  at  the  expense  of  the  protoplasm  of  the  cell,  and  in  twenty-four  hours 
ittains  its  full  size. 

It  is  now  called  a  schizont,  because  its  nucleus  divides  into  a  number  of 
laughter  nuclei,  which  are  formed  into  merozoites  in  the  usual  way.  These 
nerozoites,  set  free  by  the  breaking  up  of  the  schizont,  attack  new  intestinal 
;ells,  thus  increasing  the  infection  of  the  host. 

This  process  cannot,  of  course,  go  on  for  any  length  of  time,  for  a  limit  to 
he  nutritive  power  of  the  host  is  reached  in  five  days,  when  the  parasite  must 
ttempt  to  infect  a  new  host,  and  this  is  done  by  sporogony. 


COCCIDIIDEA 
Some    merozoites   now   become   differentiated  into  micro-  and  macm^a 

"  ervTmateSf   wMe"the°TV'.'    °'  ^°^   ^t'^'^'^   cytoplasm"' Jt^t^ 
.eserve  material,  while  the   latter  are  bean-shaped  and  have  much  fonri 

"^r^^^^-   .The   microgametocyte   forms   the   microgametes   by  X  nucleus 
becoming  irregular,  and  forming  fine  achromatic  paths  through  the  cvtODlasm 

At  hrst,  scattered  evenly  along  the  periphery,  these  chromidia  gather  into 


Fig.   I02. — Diagram  of  the  Life-History  of  Coccidium  schubergi. 
(After  Schaudinn.) 

I,  Sporozoite  entering  an  intestinal  canal  ;  2-3,  trophozoites  ;  4-5,  schizonts  ; 
8,  merozoites  ;  9,  young  gametocyte  ;  loa-iia,  microgametocyte  ;  106-116, 
acrogametocyte  ;  12a,  microgametes  ;  '  126,  macrogamete  ;  13-16,  oocyst; 
',  sporoblasts  ;   18,  sporozoites. 

itches,  and   finally  fuse  into   masses,   enclosing  in  each  a  vacuole.      The 

asses  of  chromatin  lengthen,  and  by  bending  project  from  the  cytoplasm, 

hich    now    forms    two    fiagella,    whose    active    movements    set    free    the 

icrogamete. 

In   the    meanwhile    the    macrogametocyte    becomes    a    macrogamete    by 

:pulsion  of  the  karyosome  of  the  nucleus. 

Micro-  and  macrogametes  now  fuse  and  form  a,  zygote  with  a,  synkaryon. 
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The  oocyst,  as  it  may  be  called,  now  passes  out  of  the  body  of  the  host,  and 
livides  into  four  sporoblasts.  Each  sporoblast  now  develops  two  vacuoles 
md  a  cyst-wall,  the  sporocyst,  so  that  the  sporoblast  is  often  called  the  spore. 
The  nucleus  of  the  spore  divides  into  two,  while  the  two  vacuoles  fuse  and  the 
cytoplasm  divides,  forming  two  sporozoites  which  are  capable  of  infectmgf  a 
new  host,  being  set  free  by  the  acid  of  the  digestive  juices. 

Sporogony  takes  about  two  to  three  days  for  completion. 

It  may  be  as  well  at  the  present  time,  when  so  much  disputation  is  taking 
place  re  Schaudinn's  work  on  trypanosomes,  to  mention  that  he  worked  out 
this  life-history,  which  has  never  been  refuted,  though  the  parasite  was  found 
m  company  with  C.  lacazei  Labb6  and  A  delea  ovata  H.  Schneider. 

Classification  of  the  Coceidiidea. — The  usual  classification  is  that  by  Leger  in 
igoo,  and  is  based  upon  the  number  of  sporozoites  in  each  cyst. 

Family  i.  AspoROCYSTiD.iE. — Sporozoites  naked,  no  sporocysts  inside  the 
jocyst. 

Family  2.  Disporocystid«. — Oocyst  has  two  spores. 

Family  3.  Tetrasporocystid^je. — Oocyst  has  four  spores. 

Family  4.  PolysporocystiD/E. — Oocyst  has  many  spores. 

Family  Asporocystid^  Leger. 

The  genus  included  in  this  family  is  Eimeriella  Stiles  1902,  of  which  there  • 
s  only  one  species.     Eimeriella  nova  Schneider  1881  in  the  Malpighian  tubules 
Df  Glomeris. 

Family  DispoROCYSTiDiE  Leger. 

The  genera  of  this  family  are  :  Cyclospora  A.  Schneider  1881  (spores  dizoic) 
Oiplospora  Labbe  1893  (spores  tetrazoic)  ;  Isospora  A.  Schneider  1881  (spores 
polyzoic) . 

Isospora  A.  Schneider  1881. 
Isospora  bigeminum  Stiles  1891. 

Synonym. — Cytospermium  villorum  intestinalium  cants  et  felis  Rivolta  1874. 

This  parasite  lives  in  the  intestinal  vilU  of  dogs  and  cats,  and  is  distinguished 
because  it  is  small  and  because  it  is  in  pairs,  the  oocyst  dividing  into  two  equal 
Dortions,  which  become  encysted  and  form  two  spores. 

It  is  said  by  Virchow  to  occur  in  man,  and  Railliet  and  Lucet's  case  of 
E.  hominis  and  the  case  described  by  Grunow  are  thought  by  Braun  to  be 
sxamples  of  this  infection. 

• 

Family  Tetrasporocystid^  Leger  igoo. 

Genus. — Eimeria  A.  Schneider  1874. 

Synonym. — Coccidium  Leuckart  1879  (the  dizoic  spores  are  spherical  or 
3val)  ;  Crystallospora  Labbe  1896  (the  dizoic  spores  have  the  form  of  a  double 
D5nramid) . 

Family  Polysporocystid,e  Leger. 

Comprises  a  large  number  of  genera:  Adelea  A.  Schneider  1875  (dizoic)  ; 
Klossia  (tetrazoic)  A.  Schneider  1875  '>  Minchinia  Labbe  1896  ;  Klossiella  Smith 
md  Johnstone  1902  ;  Barronsia  (monozoic)  ;  Benedenia  (trizoic).  Of  all  these 
jenera  we  are  only  concerned  with  Eimeria. 

Eimeria  A.  Schneider  1875. 
Eimeria  stiedse  Lindemann  1865. 
Synonyms. — Psorospermium    cuniculi    Rivolta    1878,   Coccidium    oviforme 
Leuckart  1879,  C.  perforans  Leuckart,  Pfeifferia  princeps  Labbe  1896. 

This  is  the  common  species  found  in  the  liver  of  rabbits.  The  spores 
swallowed  by  the  rabbit  are  opened  by  the  action  of  the  acid  of  the  gastric 
juice,  and  the  sporozoites  set  free  ascend  the  bile-duct,  and  pass  into  the  cells 


EIMERIA 


319 


ling  the  small  bile-ducts.  Here  they  propagate  vigorously  by  schizogony, 
.using  proliferation  of  the  epithelium  and  connective  tissue  of  the  ducts,  so 
lat  thick-walled  nodules,  more  or  less  isolated  and  containing  caseous  material 
onsisting  of  detritus,  pus,  epithelial  cells,  and  coccidia)  are  formed.  The 
flammation  may  be  severe  enough  to  kill  the  rabbit. 

Sporogony  proceeds  with  the  formation  of  macrogametocytes  with  macro- 
imetes,  and  the  microgametocytes  with  microgametes,  which  conjugate  and 
irm  zygote,  sporoblast,  spores,  and  sporozoites. 

Eimeria  cunicuH  has  infected  man  in  some  five  well-known  cases  ;  Silcock's 
ise  in  London  ;  Gubler's  case  in  Paris ;  Dressler's  case  in  Prague  ;  Sattler's 
ise  in  Vienna  ;  and  Perls'  case  in  Giessen. 

Silcock's  case  occurred  in  1890,  when  the  patient,  a  female  aged  fifty, 
iffered  from  fever,  with  enlarged  liver  and  spleen,  both  of  which  contained 
jccidia,  the  infection  of  the  spleen  being  probably  via  the  blood-stream. 

Eimeria  hominis  Rivolta  1878. 

Synonyms. — Coccidium  hominis  Rivolta  1878,  C.  perforans  Leuckart  1879. 

This  species  is  by  many  parasitologists  considered  to  be  the  same  as 
'imeria  siiedts.  It  inhabits  the  intestinal  cells  of  the  rabbit,  giving  rise  to 
;vere  diarrhoea  and  death.  Moreover,  its  cysts  are  smaller  than  those  of 
;.  stiedce.  and  more  rounded  ;  further,  it  takes  only  two  to  three  days 
jr  segmentation  of  the  protoplasm  of  the  cysts  into  sporoblasts,  whereas 
".  stiedts  takes  two  weeks.  It  has  been  found  in  human  faeces  and  in  the 
itestinal  cells  post  mortem. 

Under  the  same  term  R.  Blanchard  described  certain  bodies  found  by 
[iinstler  and  Pitres  in  fluid  from  the  chest  of  a  man  employed  in  working 
teamboats  between  Bordeaux  and  Senegal.  Evidently  R.  Blanchard  in- 
ended  to  describe  a  new  species,  as  Coccidium  was  then  the  term  used  for  the 
enus  now  called  Eimeria. 

ORDER  III.  HiEMOGREGARINIDA  Neveu-Lemaire  1901. 

Synonyms. — Hamosporidia  Labbe  1894,  Hcsmosporea  Minchin  1903. 

Definition. — Telosporidia,  in  which  either  the  gametocytes  or  the  schizonts, 
ir  both,  are  present  in  red  or  white  cells  in  the  peripheral  blood  of  vertebrates, 
ind  in  which  schizogony  takes  place  either  in  the  cells  of  the  peripheral  blood, 
ir  in  those  of  some  organ,  while  sporogony  takes  place  in  the  body  of  some 

ilood-sucking  invertebrate,  such  as  a  leech,  a  

ick,  a  mite,  or  an  insect.     Neither  schizonts  -^       ^ 

lor  sporonts  contain  haemozoin. 

Although  the  first  haemogregarine  was  dis- 
lovered  in  a  frog  as  far  back  as  1850  by 
;haussat,  who  thought  it  was  a  nematode,  it 
s  only  quite  recently,  owing  to  the  labours  of 
Jambon,  Miller,  Miss  Robertson,  Christophers 
md  others,  that  any  accurate  knowledge  has 
seen  obtained. 

The  evolution  of  the  knowledge  concernmg 
:hese  parasites  may  be  briefly  stated.  P^^    j^,  — H^mogregarina 

Discovered,     as     mentioned     above,     by  '  cantlei. 

Dhaussat,    they    were    next    seen    by     Ray  ,Aj:f»^  Qamhnn  ^ 

.ankester  in  1871,  and  thought  to  be  a  stage  (After  Sambon.) 

n  the  life-history  of  the  frog  trypauosome  mistook 

r  (Undulina)  rotatorum,-  and  then  by  Gaule  m  1880,  who  mistook 
hJ  for  cell  inclusions.  In  1885  Danilewsky  ^-^  ^PP  ^f  J^f^^f  ^.'^d 
Hsmosresarina  '  to  the  parasites  he  found  m  the  blood  of  tortoises  and 
iza?<S  ^lITsg!  Labbe  classified  them,  according  to  the  relationship  between 
hrfengtho  the  parasite  and  that  of  the  blood  cell,  mto  (i)  Drepamdium, 
jarailtfnot  more  than  three-quarters  of  the  length  of  the  host  cell ;  (2)  Karyo- 
W  parasiS  not  exceeding\ost  cell  in  length,  and  destroying  the  nucleus, 
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(3)  Danilewskya,  parasite  exceeding  the  host  cell  in  length,  and  bent  upon 
itself.  ,  , , 

The  term  Drepanidium  having  been  previously  employed  tot  one  ot  tne 
Heterokaryota,  it  was  necessary  to  alter  it  to  Laniesterella,  and  the  term 
Danilewskya  was  also  altered  by  Danilewsky  in  1897  to  '  Hsmogreganna  ' 
Isens^i  sinctii)  ;  but  since  Sambon  and  others  have  described  so  many  new 
species  this  classification  no  longer  stands,  nor  can  a  natural  arrangement  be 
proposed,  until  the  life-histories  of  the  various  species  are  fully  known ;  there- 
fore the  suggestion  of  Laveran  is  being  universally  adopted,  which  consists  of 
arranging  them  according  to  the  classes,  orders,  and  genera  of  the  hosts,  and 
distinguishing  only  one  genus,  Htzmogregarina  Danilewsky  1885,  the  various 
species  of  which  are  arranged  into  four  groups  :  (i)  Haemogregarinida  of 
mammals ;  {2)  HEemogregarinida  of  reptiles ;  (3)  Hsemogregarinida  of  amphibia ; 

(4)  Hsmogregarinida  of  fish.  With  regard  to  the  Haemogregarinida  of  mam- 
mals, they  were  first  discovered  by  Bentley  in  the  blood  of  a  pariah  dog  {Canis 
familiaris)  in  Assam,  and  confirmed  by  James  in  1905.  In  1905  Balfour 
discovered  Hcemogregarinida  jaculi  Balfour  1905  in  Jaculus  gordoni  in 
Khartoum,  and  described  the  cycle  of  schizogony ;  but  though  numerous 
experiments  were  conducted  with  Lamopsylla  cleopatm,  species  of  Dermanyssus 
(mites)  and  Cimex  macrocephalus,  only  the  liberated  gametocytes  have  been 
traced.  A  danger  is  to  mistake  Crithidia  pulicis  of  the  flea  for  a  developmental 
stage  of  the  H.  jaculi. 

In  1905  Christophers  discovered  H.  gerbilli  in  the  Indian  field-rat  (Gerbillus 
indicus),  and  traced  its  schizogony  and  later  cyst-formation  in  a  louse 
{Hcematopinus  stephensi)  ;  but  he  did  not  observe  conjugation,  nor  did  he 
reinfect  rats  from  the  louse,  and  finally  in  1907  he  appears  to  think  it  probable 
that  the  cysts  he  described  may  have  nothing  to  do  with  the  haemogregarine. 

In  1906  Adie  discovered  a  haemogregarine  in  Mus  rattus,  Balfour  one  in 
M.  norvegicus,  Christophers  another  in  Felts  domesUca,  Patton  another  in 
Funambulus  pennantii. 

In  1907  Christophers  traced  the  sporogony  of  H.  canis  in  Rhipicephalus 
sanguineus.  In  1908  Miller  contributes  a  most  valuable  paper  on  H.  muris 
Balfour  1905,  under  the  term  Hepatozoon  perniciosum  Miller  1908,  in  which  he 
not  merely  traces  out  the  cycle  of  schizogony,  but  also  fully  that  of  sporogony. 
This  is  the  first  description  of  the  full  life-history  of  a  haemogregarine  ever 
^ven.  This  paper  is  also  of  the  greatest  importance  in  arranging  the  classifi- 
;ation  of  the  Haemogregarinida,  for,  as  already  stated,  Ray  Lankester  in  1871 
aelieved  that  H.  minima  might  be  a  stage  of  Trypanosoma  rotatorum,  and  in 
this  was  supported  by  Billet  in  1904,  who  considered  that  he  could  infect 
ilean  frogs  with  hsmogregarines  by  the  bites  of  leeches  containing  tr5rpano- 
3omes. 

Brumpt's  experiments  in  1904  on  the  sporogony  of  H.  bagensis  in  the  leech 
[Placobdella  catenigera)  also  supports  this  theory  by  finding  a  binucleate 
condition  in  the  ookinetes.  Miss  Robertson  believes  that  haemogregarines  have 
1  trypanosoma  stage.  These  observers  would  therefore  classify  the  Haemo- 
^egarinida  with  the  Binucleata;  but  against  this  Brumpt  in  1907  has  shown 
that  Billet  was  probably  mistaken,  for  if  leeches  infected  with  T.  inopinatum  are 
placed  on  a  '  clean  '  frog  a  trypanosomiasis  results,  and  the  fact  that  though 
Sambon  has  often  seen  haemogregarines  in  snakes  and  lizards,  trjrpanosomes  are 
ibsent  or  rare. 

The  life-history  of  H.  muris  as  worked  out  by  Miller  shows  no  trypanosome 
itage,  and  clearly  indicates  that  the  Haemogregarinida  belong  to  the  Telo- 
iporidia,  and  are  related  to  the  Gregarinida  and  Coccidiidea,  as  was  pointed 
Dut  by  Laveran  in  1898. 

With  regard  to  the  Haemogregarinida  of  reptiles,  the  most  complete  work 
s  that  of  Sambon  in  1908  on  the  parasites  in  snakes,  where  a  full  history 
Afill  be  found.  Those  which  occur  in  tortoises  and  crocodiles  have  been 
itudied  by  Danilewsky,  Castellani  and  Willey, .Miss  Robertson  and  others> 
vhile  Siegel  has  worked  out  fully  the  schizogony  and  sporogony  of  H.  stepanovi 
n  the  leech. 

The  Haemogregarinida  of  lizards  have  been  studied  by  Danilewsky,  Laveran, 
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nchin,  C.  Franca,  and  others,  and  those  of  amphibia  by  Chaussat,  Lankester 

llet,  Durham,  Brumpt,  Labb6,  Lesage,  and  others. 

Lite-History. — The  most  accurately  known  life -history  is  that  given  for 

muris  Balfour  by  Miller. 
Schizogony. — The  asexual  reproduction  takes  place  in  the  cells  of  the  Hver, 

which  the  young  trophozoite  appears  as  a  small  spherical  organism  with  a 

■ge  vesicular  nucleus  containing  a  well-defined  karyosome.     The  trophozoite 

3ws  at  the  expense  of  the  liver  cell,  the  nucleus  of  which  is  pushed  to  one 

le,  and  in  due  course  becomes  a  schizont,  which  divides  into  twelve  to  twenty 

srozoites,  and  a  '  rest  '  body. 

Some  of  these  merozoites  on  Uberation  enter  fresh  liver  cells,  and  continue 

B  cycle  of  schizogony,  while  others  enter  mononuclear  leucocytes,  in  which 

ey  become  encysted,  and  develop  into  gametocytes. 

Sporogony. — Sexual  reproduction  takes  place  in  a  mite  belonging  to  the 

imasidse  called  Lelaps  echidninus  Berlese,  which  lives  on  the  blood  of  the  rat. 

The  gametocytes,  liberated  from  the  leucocytes  by  the  digestive  action  of 

e  juices  of  the  mite's  gut,  arrange  themselves  in  couples,  which  are  at  first 

actly  similar,  but  which  later  differentiate  into  a  large  encircling  form,  which 

more  granular,  and  which  is  probably  the  macrogamete,  and  a  smaller, 

3re  rounded,  and  less  granular  microgamete.      Zygosis    now   takes   place, 

rming  an  ookinete,  which  grows,  and  leaving  the  gut  by  piercing  the  wall! 

rces  its  way  into  the  body  cavity,  which  consists  of  a  series  of  small  spaces 

tween  the  organs,  and  further  into  the  sheaths  of  the  muscles,  and  into  the 

resting  membrane  of  the  salivary  glands. 

In  the  tissues  the  ookinete  encysts  and  becomes  the  oocyst,  which  grows 

pidly  in  size,  and  undergoes  nuclear  division. 

The  daughter  nuclei  migrate  to  the  periphery,  which  becomes  covered  with 

to  100  bud-hke  projections,  in  each  of  which  a  nucleus  is  to  be 
ind.  These  buds  break  oft  from  the  central  mass,  and  form  the  sporo- 
ists,  the  nuclei  of  which  divide,  forming  daughtf;r  nuclei,  which  gather  at  the 
les,  while  the  whole  sporoblast  encysts.  Short  rod-like  processes  of  cytoplasm, 
ch  containing  a  nucleus,  now  break  ofi  from  the  sporoblast,  each  of  which  he- 
mes a  sporozoite,  of  which  there  are  on  an  average  sixteen  to  each  sporoblast. 
Infection  of  the  rat  takes  place  by  ingestion  of  the  mite,  when  the  sporozoites 
J  liberated  by  the  juices  of  the  duodenum,  and  become  actively  motile 
iated  vermicules,  which  penetrate  the  intestinal  villi,  enter  the  blood- 
■eam,  and  are  carried  to  the  liver,  into  the  cells  of  which  they  penetrate,  and 
irt  the  cycle  of  schizogony. 

As  the  mites  leave  the  rats  during  the  day-time,  and  only  feed  on  them  during 
5  night,  it  is  easy  to  understand  the  manner  in  which  the  disease  spreads 
un  the  sick  to  the  healthy. 

Variations  in  the  Life-Cycle. — The  life-history  of  H.  muris  is  peculiarly 
:eresting,  because  it  is  fully  known,  but  it  is  not  quite  typical  for  all  haemo- 
Jgarines,  for  in  it  the  gametocytes  alone 
!  found  in  the  peripheral  blood,  and  they 
;  enclosed  in  leucocytes. 
Other  species,  however,  show  marked 
lerences  from  H.  muris,  for  the  majority 
i  found  in  red,  not  white,  corpuscles, 
lile  in  some  the  whole  process  of 
lizogony  is  completed  in  the  blood- 
eam,  therefore  a  few  more  general  remarks 
i  necessary  to  supplement  the  life-history 
'en  above. 

The  peripheral  blood   of  the  vertebrate  „^„,.r-A„T,.T. 

1  contain  trophozoites,  schizonts,  and  ti°-  '°4.-H^mogregarina 
iiietocytes  lying  either  in  red  or  white  vittat^,  showing  Schizogony. 
rpuscles,  the  two  latter  being   contained  (After  Miss  Robertson.) 

a  double    capsule,    which    is    probably 

med  by  the  parasite,  and  which  is  always  in  close  attachment  to  the 
cleus  of  the  host  cell, 
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Schizogony  begins  with  the  young  trophozoite  lying  free  in  the  enclosing 

cell,  as  an  oval,  fusiform,  or  club-shaped  mass  of  cytoplasm  with  a  large, 

homogeneous  nucleus.  As  this  trophozoite 
grows  it  becomes  encapsuled,  and  forms  the 
schizont,  which,  when  fully  grown,  is  a  large 
oval  or  rounded  body,  with  a  central  nucleus, 
and  with  the  cytoplasm  filled  with  spherules. 
This  schizont  usually  lies  in  an  enlarged  and 
dehsemoglobinized  cell,  in  which  it  is  seen  to 
be  surrounded  by  a.  thick  capsule,  which 
shows  three  definite  cleavage  lines,  of  which 
two  cross  it  transversely  a  short  distance  from 
either  pole,  while  the  third  is  longitudinal. 

There  are  two  varieties  of  schizonts,  one 
which  gives  rise  to  relatively  few  large  mero- 
zoites  called  '  macromerozoites, '  while  the 
other  breaks  up  into  relatively  many  small 
micromerozoites . 

This  differentiation  is  considered  to  be  a 
prelude  to  the  formation  of  macro-  and  micro- 
gametocytes.  Usually  the  schizont  divides 
into  eight,  twelve,  or  sixteen  merozoites, 
which  may  escape  from  the  enclosing  cell  in 
the  peripheral  blood,  but  more  generally  do 
so  in  an  organ,  such  as  the  liver,  lung,  or 
bone-marrow.  Other  hasmogregarines,  like 
H.  jaculi  and  H.  muris,  undergo  segmentation 
in  the  cells  of  an  organ  such  as  the  liver. 

The  gametocytes  are  easily  recognizable 
from  the  schizonts,  as  they  lie  bent  up  in  the 
capsule,  and  because  the  enclosing  cell  is  not 
affected  by  the  parasite.     It  is  not  possible  at 

present  to  differentiate  between  the  macro-  and  the  microgametocjrte. 

In  shed  blood  they  quickly  escape  from  the  capsule,  which  may  be  seen  to  be 

double,  for  Sambon  depicts  a  gametocyte  which  has  escaped  from  the  outer 

wall  of  the  capsule,  but  has  the  inner  wall  stiU  adherent. 

When  free  they  are  seen  to  be  of  an  elongated,  club-shaped  form.     At  the 

thicker  end,  which  is  anterior,  there  projects  a  small  retractile  rostrum  or 


Fig.  105. — H^MOGREGARINA 
RAREFACIENS,  SHOW- 
ING Male  and  Female 
Schizonts. 

(After  Sambon.) 


Fig.     106. — HiEMOGREGARINA 
RAREFACIENS  :     YoUNG 

Gametocyte. 

(After  Sambo-i.) 


Fig.  107. — HjEmogregarina 
seligmanni,  showing  cap- 
SULE AND  Cleavage  Lines. 

(After  Sambon.) 


beak,  from  which  a  clear  line,  probably  a  cytostome  or  pharynx,  runs  back- 
wards through  the  cytoplasm,  and  ends  near  the  nucleus. 

The  ectoplasm  shows  at  times  a  differentiation  into  three  layers — epicyte, 
sarcocyte,  and  myocyte — while  the  endoplasm  is  granular,  and  about  its 
middle  is  found  the  round  or  oval  nucleus. 

According  to  Sambon,  conjugation  can  be  seen  taking  place  in  blood  spread 
on  an  ordinary  slide.     The  further  history  of  the  cycle  of  sporogony  is  only 
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theTatter  ^uTetentioSd  Lt/  ''^  '°™''^  ^^^  ^^^-^^^  ^-n  <l-cnbed,  and 
No  h^mogregarines  are  at  present  known  in  birds  or  in  man,  but  some 


Fig.  108.— H^mogregarina  mirabilis,  showing  the  Escape 

OF  THE  GamETOCYTE   FROM    ITS    CaPSULE. 

(After  Castellani  and  Willey.) 
peculiar  parasites  have  been  seen  by  Castellani  and  Willev  and  othpr=i  in  th^ 

n&erSbelon"i^-  ^^^^'  -^^-^^ese  wiirp'ro^etLTLISarint 
or  wtiether  they  belong  to  some  other  order  of  the  protozoa,  remains  to  be  seen! 


Fig.  109.— H^mogregarina  selig-  Fig.   iio.— H^mogregarina 

MANNi  :  Free  Sporont.  seligmanni. 

(After  Sambon.)  According  to  Sambon,  this  figure 

probably  represents  conjugation. 

(After  Sambon.) 

Classification. — As  already  mentioned,  the  species  of  the  genus  Hamogregar 
rina  Danilewsky  1885  will  be  arranged  according  to  their  hosts. 


H^MOGREGARINES  OF  THE  MAMMALIA. 
HaBmogregatina  muris  Balfour  1905. 

Synonyms. — Leucocytozoon  muris  Balfour  1905  ;  Hepatozoon  perniciosum 
Miller  1908. 

H.  muris  is  found  in  the  mononuclear  leucocytes  of  Mus  norvegicus  in 
Khartoum,  and  in  white  rats  in  Washington,  D.C.  Its  schizogony  and 
sporogony  in  Lelaps  echidninus  have  already  been  described  (p.  321).  It 
caused  anaemia,  severe  illness,  and  death  in  the  rats. 

Hsemogregarlna  eanis  James  1905. 

Synonym. — Leucocytozoon  cams  James  1905. 

Hcemogregarina  canis  was  discovered  by  Bentley  in  the  blood  of  a  pariah  dog, 
Canis  familiaris  in  Assam,  and  this  discovery  was  fully  confirmed  by  James 
in  1905.  Christophers  was  the  first  investigator  to  trace  out  its  full  life- 
history  in  1 906-07. 

It  appears  to  be  common  in  pariah  dogs  in  Assam  and  Madras,  but  more 
particularly  in  the  puppies  and  less  common  in  the  adults.  It  is  also  found 
in  Ceylon,  and,  according  to  Button,  Todd,  and  Tobey  it  probably  occurs  in 
logs  in  the  Gambia. 

Morphology. — The  parasite  is  seen  in  the  white  corpuscle- of  the  peripheral 
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blood  as  an  oval,  unpigmented  mass  which  is  difficult  to  stain,  and  which  lies 
in  two  envelopes — an  outer  formed  from  the  cytoplasm  of  the  corpuscle,  and 
an  inner  formed  by  itself.  The  cell  in  which  it  lies  is  not  typical  of  any 
corpuscle,  though  at  first  sight  it  resembles  a  polymorphonuclear  leucocyte. 
When  stained  it  is  seen  to  possess  a  nucleus  in  the  shape  of  a  mass  of  chromatin 
stretching  across  the  body  at  one  end. 

Schizogony. — Schizogony  appears  to  take  place  only  in  the  bone-marrow, 
and  has  not  been  seen  in  the  liver  or  spleen.  It  begins  by  the  parasite  gathering 
itself  on  one  side  of  the  cyst-wall  while  the  nucleus  comes  more  into  the  middle. 
The  cyst  becomes  more  swollen  and  rounder,  and  is  most  difficult  to  stain, 
being  brilliantly  clear  and  retractile,  but  as  it  grows  older  it  becomes  filled  with 


Fig.   III. — Diagram  of  the  Life-Cycle  of  H^mogregarina  canis. 
(Constructed  from  drawings  by  Christophers.) 

round  or  oval,  clear,  refracttle  granules  of  large  size.  No  details  are  given  of  the 
action  of  the  nucleus  or  of  the  cytoplasm  during  the  stages,  which,  of  course, 
marks  a  gap  in  the  life-history.  As  the  cyst  matures  the  granules  become  less 
in  number,  and  merozoites  are  seen  lying  among  them,  and,  later,  the  granules 
having  disappeared,  only  merozoites,  which  number  about  thirty,  are  seen 
lying,  along  with  a  little  granular  matter,  in  the  oval  or  circular  cyst,  which 
may  be  48  ^  in  diameter. 

It  does  not  appear  clear  what  happens  to  these  merozoites,  but  from  Christo- 
phers' description  one  is  led  to  infer  that  they  infect  other  cells  in  the  bone- 
marrow  of  the  dog,  and  thus  become  young  trophozoites. 

Trophozoite.— By  inference  one  is  led  to  believe  that  the  trophozoite 
probably  appears  in  the  bone-marrow  as  a  small,  round,  or  egg-shaped  body, 
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possessing  no  capsule,  and  having  a  chromatin  mass  of  isolated,  rod-shaped 
granules  arranged  loosely  in  a  circle.  These  trophozoites  lie  in  a  mono- 
nuclear cell,  which  are  the  parents  of  the  transitional  cells,  which  are  looked 
upon  as  the  parents  of  the  polymorphonuclear  leucocytes,  but  when  infected 
by  the  parasite  the  proper  development  is  not  completed,  and  hence  the 
appearance  in  the  peripheral  blood  of  a  peculiar  type  of  cell  containing  the 
encapsuled  parasite.  The  young  trophozoite  is  seen  in  the  liver  and  spleen  as 
well  as  in  the  bone-marrow,  but  is  rare  in  the  peripheral  blood.  This  tropho- 
zoite grows  into  the  encapsuled  form  just  described,  all  stages  between  the 
two  having  been  seen  by  Christophers,  and  in  this  way  the  cycle  of  schizogony 
is  completed. 

Sporogony. — The  tick  Rhipicephalus  sanguineus  Latreille  is  very  common 
on  the  dogs  in  Madras.  The  female  takes  from  two  to  four  days  to  suck 
the  blood,  which  it  only  does  once  in  its  lifetime,  but  most  of  the  blood  is 
taken  in  the  last  twenty -four  hours.  After  sucking  the  blood  it  drops  off, 
and  when  examined  at  different  periods  the  following  sporogony  can  be 
made  out  : 

The  encapsulated  forms  already  described  as  existing  in  the  blood  pass 
into  the  stomach,  and  the  parasite  escapes  from  the  corpuscle,  but  is  still 
inside  its  own  envelope. 

By  elongation  and  passage  of  the  protoplasm  behind  the  nucleus,  the  oval 
parasite  becomes  a  vermicule.  These  vermicules  must  probably  be  looked 
upon  as  macrogametocytes  and  microgametocytes.  In  any  case  they  enter 
young  epithelial  cells  lining  the  lumen  of  the  gut,  in  whose  cytoplasm  they 
divide  by  fission,  which  in  nfiany  cases  takes  place  several  times,  resulting  in 
the  secondary  formation  of  four  to  eight  vermicules  lying  in  a  pocket  in  the 
cytoplasm  of  the  cell.  Two  of  these  secondary  vermicules,  which  apparently, 
as  a  rule,  do  not  differ  in  appearance,  conjugate,  and  the  nuclei  fuse,  and  then 
follows  a  throwing  out  of  two  large  masses  of  chromatin  from  the  nucleus 
and  the  separation  of  a  portion  of  cytoplasm.  The  former  may  represent 
reduction,  and  the  latter  the  separation  of  the  body  cf  the  microgamete. 
Anyway,  as  the  result  of  this  process  there  is  formed  an  oocyst  with  a  syn- 
karyon,  and  therefore  the  conjugation  results  in  a  true  zygosis.  The  oocyst, 
still  embedded  in  the  epithelial  cell,  grows  rapidly,  and  has  a  central  clear  area 
and  outer  rim  of  protoplasm,  with,  chromatin  diffused  in  irregular  masses 
near  the  periphery.  When  about  14  ii.  in  diameter,  the  oocyst  divides  into 
twelve  to  fourteen  sporozoites  (or  sporoblasts) ,  which  rather  resemble  vermi- 
cules, but  differ  by  being  more  globular  and  having  a  short  oval  nucleus. 
These  sporozoites  escape  into  the  lumen  of  the  gut  of  the  tick. 

Whether  these  bodies  are  sporozoites  or  sporoblasts  is  not  known  ;  neither 
is  it  known  how  they  get  into  the  dog  so  as  to  complete  the  cycle  of  sporogony. 
In  other  words,  there  is  a  great  gap  in  the  cycle  of  sporogony  at  this  point. 

Hsemogregarina  bovis  Marfoglio  and  Carpano  1906. 
In  Bos  faurus  in  Abyssinia.     The  parasites  are  7  to  10  fi  in  length,  and 
I '5  to  2  ju  in  breadth,  and  possess  rounded  ends. 

Haemogiegarina  gerbilli  Christophers  1905. 
Found  in  the  Indian  field-rat,  Gerbillus  indicus,  in  which  it  produces  only  a 
little  anjemia.  It  lies  in  cysts  in  enlarged  pale  blood-corpuscles  as  a  vermicule 
with  a  bent  tail,  and  has  a  median  nucleus  and  some  chromatm  dots.  In 
the  louse  Hcsmatopinus  stephensi,  he  describes  the  parasite  as  escaping  from 
its  cyst  and  becoming  a  free  vermicule,  which  gets  in  the  coelome,  and  there 
encysts  and  becomes  a  large  oocyst,  growing  up  to  350  /i  m  diameter.  inis 
oocyst  divides  into  numerous  sporoblasts,  which  contain  six  to  eight  crescentic 
.sporozoites.  These,  when  free,  appear  as  sausage-like  bodies,  15  by  4  M, 
With  a  distinct  nucleus.  ,„i„„„^i 

■  There  is,  however,  some  doubt  as  to  whether  these  cysts  are  really  developed 
from  the  hsemogregarine. 
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Hsemogregarina  jacull  Balfour  1905. 

Synonym. — H.  balfouri  Laveran  1905. 

This  parasite  has  been  found  in  the  jerboa  (Jaculus  gordoni)  at  Khar- 
toum, and  in  /.  orientalis  in  Tunis.  It  appears  as  a  pale  hyaline,  homo- 
geneous body,  with  the  narrower  end  bent  on  itself,  lying  in  a  decolourized 
erythrocyte. 

The  trophozoite  is  found  in  a  liver  cell  as  an  oblong  parasite  lying  in  a  cavity. 
This  body  can  divide  into  three  young  forms,  wmch  presumably  can  grow 
into  schizonts  in  liver  cells.  The  schizont  divides  into  a  large  number  of 
merozoites,  leaving  no  residual  mass  of  undivided  cytoplasm.  The  mero- 
zoites  probably  infect  the  red  blood  cells,  and  after  a  time  can  escape  into 
the  liquor  sanguinis  as  free  trophozoites,  and  invade  the  liver  cells. 

What  happens  to  the  free  vermicule  is  not  known. 

Hamogregarina  funambuli  Patton  1906. 

Synonym.— LeticocyioOTOM  funambuli  Patton  1906. 

This  parasite  was  found  by  Patton  in  the  large  mononuclear  leucocytes  of 
Funambulus  pennatii  (the  Kathiawar  palm-squirrel). 

It  is  found  in  cysts  in  the  leucocytes,  and  as  free  forms  in  the  plasma.  No 
evidence  of  schizogony  could  be  found.  In  the  gut  of  the  louse  (Hcemato- 
pinus  sp.)  parasitic  on  these  squirrels  vermicules  could  be  found,  and  also  in 
the  coelome,  but  no  further  development  took  place. 

Hsemogregarina  rattl  Addie  1906. 

Synonym. — H.  rata  Addie  1906. 

This  is  a  hsemogregarine  found  in  the  leucocytes  of  Mus  rattus. 

Hsmogregarina  felis  Christophers  1906. 

Like  H.  canis,  only  found  in  cats.  It  was  discovered  by  Patton.  Schizo- 
gony and  sporogony  unknown. 

H^MOGREGARINES  IN  REPTILES. 

Crocodiles. 

H.  hankini  Simond  igoi,  in  Gavialis  gangeticus  Gmel.  ;  H.  crocodilinorum 
Borner  1901,  in  Osteotcsmus  tetraspis  Cope,  and  in  C.  cataphoractes  Cuv. 

Hsmogregarines  in  the  Chelonia. 

A  very  large  number  of  haemogregarines  are  known  in  Chelonia,  but  the 
best-studied  life-history  is  that  of  H.  stepanovi. 

Haemogregarina  stepanovi  Danilewsky  i88g. 

H.  stepanovi  is  a  parasite  in  the  red  blood-corpuscles  of  tortoises — e.g., 
Emys  orbicularis  L.  and  Cistudo. 

It  appears  in  two  forms — one  kidney-shaped,  and  the  other  long  and  thin 
and  bent  upon  itself. 

The  young  trophozoite  is  club-shaped,  and  grows  into  the  broad  kidney 
form,  which  in  the  bone-marrow,  Uver,  or  spleen  breaks  up  into  merozoites, 
which,  escaping  from  the  red  cell,  complete  the  cycle  by  entering  new  cells. 

The  trophozoite  grows  into  a  large  oval  form,  which  elongates  until  it  gives 
rise  to  the  long  thin  form  which  is  bent  upon  itself.  If  blood  containing  this 
form  is  sucked  by  a  leech  (Placobdella  catenigera  Moqu  Tand),  it  escapes  from 
the  corpuscle  in  the  intestine,  and,  entering  between  the  epithelial  cells, 
develops  into  a  macro^amete  or  a  microgamete,  and  forms  an  ookinete,  which 
wanders  into  the  bloodvessels  around  the  intestine,  and  so  gets  to  the  pharyn- 
geal glands,  in  which  it  becomes  an  oocyst  forming  numerous  sporoblasts  and' 
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Xr^  i!";  which  complete  the  cycle  of  sporogony  by  entering  the  tortoise 
when  It  IS  again  bitten  by  the  leech.     There  is  also  evidence  of  the  infection 


Fig.  112. — H^MOGREGARiNA  viTTAT.i; :  Fig.  113. — HjEmogregarina 

A  Broad  Form,  showing  Peculiar  vitiate  (Gametocyte). 

Red  Bodies.  ,,,,      _..      „  ,      ,        > 

(After  Miss  Robertson.) 

(After  Miss  Robertson.) 

of  the  ova  of  the  leech  in  the  finding  of  sporozoites  in  the  pharyngeal  glands 
of  immature  embryo  leeches.   , 

Hiemogregarina  nicorise  Castellani  and  Willey  1904. 

This  parasite  is  common  in  the  tortoises  (Nicoria  trijuga  Schweigg)  which 
are  found  in  the  ditches  and  marshy  lands  round  Colombo,  and  also  in  Colombo 
Lake.  The  young  trophozoite  grows  into  the  schizont ,  which  divides  into 
merozoites. 

Other  parasites  are  H.  laverani  Simond  1901,  in  Emyda  granosa  Schoepff  ; 
H.  mesnili  Simond  1901,  in  Kachuga  tectum  Gray  ;  H.  billeti  Simond  1901,  in 
Trionyx  cartilagineus  Boddert  ;  H.  stepanoviana  Laveran  and  Mesnil  1992. 
in  Damonia  reevesii  ;  H.  rata  Laveran  and  Mesnil  X902,  in  Damonia  reevesii  ; 
H.  mauretania  Sergent  1904,  in  Testudo  ibera  Pall.  ;  H.  bagenesis  Ducloux 
1904,  in  Clemmys  leprosa  Schweigg.  Its  sporogony  is  said  to  occur  in  Plaoob- 
della  catemnigera  Moqu  Tand.  H.  vittatce  Robertson  in  Emyda  vittata 
(Figs.  104,  112,  and  113). 

Haemogregfarines  in  the  Ophidia. 

The  hasmogregarines  of  Ophidia  are  numerous,  but  their  life-history  has  not 
been  properly  studied.     They  have  mostly  been  described  by  Sambon. 

Hamogregarina  mirabilis  Castellani  and  Willey  1904  (Fig.  108). 

H.  mirabilis  is  a  parasite  in  the  red  cells  of  Tropidonotus  pisoator  Schn. 

The  trophozoite  is  vermicular  and  large  (12  ix),  and  stains  uniformly  blue, 
leaving  no  clear  pole.  The  nucleus  is  dense,  and  placed  near  the  anterior 
end,  and  is  enclosed  in  a  well-developed  cytocyst,  which  is  stippled  with 
Schiiffner's  dots. 

Other  forms  are  :  H.  pythonis  Billet  1895,  in  Python  reticularis  Schn.  ; 
H.  pococki  Sambon  and  Seligmann  1907,  in  P.  molurus  L.  ;  H.  schattockt 
Sambon  and  SeUgmann  1907,  in  P.  spilotes  Lacep.  ;  H.  naj<B  Laveran 
1902,  in  Naja  tripudians  Merr  ;  H.  mocassini  Laveran  1902,  in  Anci^trodon 
biscivorus  Pal.  ;  H.  crotali  Laveran  1901,  in  Crotalus  confluentis  ;  H.  sehg- 
manni  Sambon  1907,  in  Lachesis  muius  ;  H.  zamenis  Laveran  1902,  in  Zamenis 
Uppocrepis  L.  ;  H.  mansoni  Sambon  and  Seligmann  1907,  in  Zamenis  flagelh- 
'ormis  L.  ;  H.  refringens  Sambon  and  Seligmann  1907,  in  Pseudaspis  cana  L.  ; 
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H.  rarefaciens  Sambon  and  Seligmann  1907,  in  Coluber  corais  Holb.  ;  H.  cant- 
liei  Sambon  1907,  in  Eryx  conicus  ;  H.  terzii  Sambon  1907,  in  boa-constrictor  ; 
and  many  others. 

Hsemogregarines  of  the  Sauria. 

The  best  known  of  these  is  H.  laceHarum  Danilewsky  1885,  in  the  red  cells 
of  Lacerta  muralis  Laur.,  L.  viridis  Laur.,  L.  agilis  L.,  and  L.  ocellata  Daud. 

The  young  trophozoite  grows  into  a  schizont,  which  is  enclosed  in  a  cyto- 
cyst,  and  which  breaks  up  into  merozoites  in  the  liver,  spleen,  or  kidney. 

Among  the  merozoifes  there  may  be  macromerozoites  or  micromerozoites, 
which  are  thought  to  be  precursors  of  the  macro-  and  microgametocytes  which 
develop  in  Ixodes  ricinus  L.  This  tick  may  infect  the  lizard  in  the  adult  stage, 
though  this  must  be  rare,  as  it  usually  attacks  mammals,  and  then  only  by  its 
nymphse  and  larvae. 

A  number  are  described  :  H.  thomsoni  Minchin  1907,  in  the  Himalaya 
lizard  (Agama  tuberculata)  ;  H.  schaudinni  C.  Fran9a,  in  Lacerta  ocellata  Daud. 

H^MOGREGARINES  OF  AMPHIBIA. 

The  best  studied  of  these  is  Hcemogregarina  minima  Chaussat. 

Synonyms. — Drepanidium  ranarum  Lankester,  Laverania  ranarum  Grassi, 
H.  ranarum  Kruse,  Lankestrella  ranarum  Labbe. 

This  parasite  is  found  in  the  red  cells,  leucocytes,  and  tissue  cells  of  Rana 
esculenta  L. 

Schizogony  takes  place  in  the  spleen,  Uver,  kidney,  and  bone-marrow,  where 
the  cytocysts  containing  round  schizonts,  which  break  up  into  five  to  eight 
macromerozoites  (5  to  8  /j.)  or  numerous  micromerozoites  {3  to  4  ^). 

The  sporont  is  club-shaped,  and  sporogouy  takes  place,  according  to  Billet, 
in  the  leech  (Helobdella),  but  his  account  is  very  doubtful  and  will  require 
confirmation. 

Hiutze  gives  a  quite  different  development  in  the  intestine  of  the  frog, 
but  it  is  possible  that  he  mistook  a  coccidial  parasite  for  the  sporogenic 
stages. 

Durham  notes  a  Drepanidium  (haemogregarine)  in  the  blood  of  a  toad  in 
Para,  and  a  Dactylosoma  (Labbe)  in  the  internal  organs — the  former  is  the 
schizont,  and  the  latter  the  sporont — and  found  evidences  of  conjugation  and 
cyst-formation  in  ticks  fed  on  these  toads. 

H.  splendens  Labbe  1908  is  found  in  Rana  esculenta  in  Portugal.  H.  lepto- 
dactyli  Lesage  1908  is  found  in  Leptodactylus  ocellatus  in  Argentina. 

H^MOGREGARINES  OF  FISH. 
A  short  description  of  H.  simondi  will  illustrate  this  class. 

Hsemogregarina  simondi  Laveran  and  Mesnil  1901. 

H.  simondi  is  a  parasite  in  Solea  vulgaris  (the  sole).  Schizogony  takes 
place  in  the  red  corpuscles,  the  schizont  dividing  longitudinally  into  two,  four, 
or  eight  merozoites.  Sporogony  takes  place  in  Platybdella  soleiB  Kroger,  a 
leech  found  on  the  sole  in  which  ookinetes  have  been  fotind. 

Fish  of  all  kinds  and  in  all  parts  of  the  world  appear  to  contain  these  para- 
sites. 

PHYLUM  IV.  NEOSPORIDIA. 

Definition. — Parasitic  plasmodromata,  without  motile  orgajis,  in 
which  spore-formation  and  trophic  growth  proceed  simultaneously. 

The  Neosporidia  are  protozoa  in  which  reproduction  and  growth 
go  on  together.  In  the  Telosporidia  the  trophozoite  grows  into  the 
schizont  which  divides  into  spores  ;  in  the  Neosporidia  growth  and 
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spore-formation  go  on  together  ;  but,  as  in  the  case  of  all  attempts 
It  classification,  there  are  exceptions,  for  the  trophozoite  may  grow 
nto  the  schizont,  and  then  divide. 

It  appears  as  though  the  Neosporidia  were  evolved  from  a  sarco- 
Imal  ancestor. 

They  are  divided  into  four  orders  :  (i)  Myxosporidia,  (2)  Actino- 

Tiyxidia,   (3)  Sarcosporidia,   (4)  Haplosporidia ;  and,  in  addition, 

there  are  a  number  of  parasites  belonging  evidently  to  the  protozoa, 

ji^\^^"^°*  ^^^^^y  ^^  classified,  and  are  therefore  placed  in  an 

iddendum  to  the  Neosporidia  as  Protozoa  incertce  sedis. 

ORDER  I.  MYXOSPORIDIA  Biitschli. 

Keosporidia  with  spore-formation  commencing  early  in  the  amoeboid  tropho- 
loite.     t-ach  spore  has  one  or  more  polar  capsules. 

■The  Myxosporidia  are  subdivided  into  : 

Suborder  I.  Phsenooystes  Gurley.    Synonym.— Myxosporidia  (sensii  striM). 
bpores  with  two  to  four  large,  clearly  visible  polar  capsules 
^  Suborder  II.   Cryptoeystes  Gurleyl      Synonym.— Microsporidia   (Balbiani) 
>pores  with  one  minute  polar  capsule,   which  is  only  rendered  visible  bv 
Teatment  with  reagents. 

SUBORDER  I.   PHiENOCYSTES. 

_  Phaeuocystes  comprise  the  true  Myxosporidia,  being  usually  found  in 
I'eleostean  fish,  though  they  may  occur  in  Elasmobranches,  amphibia,  and 
eptiles. 

In  fish  they  have  long  been  known  as  psorosperms,  being  found  in  the  bile- 
jassages,  the  urinary  organs,  the  muscles,  and  the  nervous  system. 

The  amoeboid  trophozoite  has  a  differentiation  of  its  cytoplasm  into  endo- 
md  ectoplasm,  and  moves  about  by  pseudopodia.  Spore-formation  begins 
;arly  by  a  concentration  of  the  cytoplasm  around  one  of  the  nuclei  of  the 
Tophozoite.  This  concentrated  area  is  marked  off  by  a  capsule,  and  is  the 
)ansporoblast.  The  nucleus  of  the  pansporoblast  divides  repeatedly,  afteif 
vhich  the  cytoplasm  splits  into  two  masses — the  sporoblasts — each  of  which 
s  covered  by  a  cuticle  and  contains  three  nuclei. 

The  cytoplasm  of  the  sporoblast  now  divides  into  three  areas  around, the 
luclei.  One  of  these  areas  is  large,  and  is  called  the  sporoplasm,  while  the 
ithjr  two  are  small,  and  form  the  polar  capsules.  Each  spore,  therefore, 
;outains  two  polar  capsules  and  one'  mass  of  sporoplasm,  which  represents  a 
ingle  sporozoite.  Each  polar  capsule  develops  a  spirally  coiled  thread.  A 
pore  escapes  when  the  parent  trophozoite  dies,  and  then  finds  its  way  out  of  its 
lost  by  the  bile  or  urine,  or  through  the  tissues  into  the  alimentary  canal, 
"or  further  development  it  must  be  swallowed  by  another  host,  in  whose  ali- 
aentary  canal  the  threads  of  the  polar  capsules  are  extruded,  fixing  the  little 
pore,  which  bursts  and  allows  the  amoeboid  sporozoite  to  escape  and  go  on 
ts  travels  in  search  of  a  suitable  tissue.  Perhaps  en  route  it  conjugates  with 
nother  sporozoite  ;  if  so,  this  is  not  known.  While  sporogony  is  preparing, 
chizogony  may  take  place  by  plasmotomy,  which  is  the  division  of  the  multi- 
uclear  trophozoite  into  two  or  more  forms. 

It  will  thus  be  seen  that  growth,  plasmotomy  (schizogony),  and  spore- 
jrmation  (sporogony)  go  on  simultaneously. 

Classification — Disporea  Doflein. — Phaenocystes  with  two  spores. 

Family. — Ceratomyxidae  Thelohan. 

Genera. — Ceratomyxia,  Lepiotheca. — Parasitic  in  fish  and  frogs. 

Polysporea  Doflein. — Phaenocystes  with  more  than  two  spores. 

Family  i. — ^Myxidiidse  Thelohan. 

Genera. — SphiBrospora,  Myxidium. 

Family  2. — Chloromyxidae  Thelohan. 

Family  3. — Myxobolidae  Thelohan. 
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SUBORDER  II.  CRYPTOCYSTES. 

This  order  is  divided  by  Doflein  and  Perez  into  : — 

Tribe  I.  Monosporogenea  Perez. — Trophozoite  becomes  a  single  pansporo- 
blcist  (sporont),  which  produces  a  single  spore. 

Genus. — Nosema  Nageli. 

Tnhe  2.  Oligosporogenea  Doflein. — Trophozoite  becomes  a  single  pansporo- 
blast (sporont),  which  produces  four  to  eight  spores. 

Tribe  3.  Polysporogenea  Doflein. — Trophozoite  becomes  numerous  pansporo- 
blasts (sporont),  which  produce  many  spores. 

Tribe   I.  Monosporogenea. 
This  tribe  includes  Nosema  bombycis  Nageli  1857,  which  is  the  cause  of 
p6brine,  the  silkworm  disease. 

Tribe  2.  Oligosporogenea. 
This  includes  the  genus  Gurleya  Doflein,  Thilohania  Henneguy,  and  Pleisto  ■ 
phora  Gurley. 

Tribe  3.  Polysporogenea. 

This  includes  the  genera  of  Glugea  Thelohan,  and  Myxocystes  Mrazek,  of 
which  Glugea  anomala  Moniez  is  a  parasite  of  the  stickleback. 

Microsporidium  polyedricum  BoUe,  a  doubtful  species,  is  said  by  Perroncito 
to  occur  in  man. 

ORDER  II.  ACTINOMYXIDIA. 

These  are  parasites  in  the  Tubificidae  of  the  oligochaste  worms,  and  need  not 
concern  us. 

ORDER  III.  SARCOSPORIDIA. 

Definition. — Neosp.oridia  in  which  the  -young  trophozoite  is,  with 
rare  exceptions,  found  in  the  muscle-fibre  of  warm-blooded  animals. 
Spore-formation  commences  early,  and  proceeds  during  the  whole 
growth  of  the  trophozoite,  which  may  attain  a  very  large  size,  when 
it  is  covered  by  two  coats,  the  inner  of  which  is  prolonged  internally 
through  the  parasite  dividing  it  into  a  series  of  chambers. 

The  Sarcosporidia,  discovered  by  Miescher  in  1843,  are  very 
common  parasites,  and  in  the  form  of  Sarcocystis  tenella  may  be 
seen  by  the  practitioner  in  the  tropics  in  meat  sent  as  food  to  gaols 
and  hospitals. 

Two  genera  are  laiown  :  (i)  Sarcocystis,  (2)  Rhinosporidium. 

I.  Sarcocystis  Lankester  1882. 

Though  a  common  parasite,  its  life-history  is  by  no  means  well 
known.  The  youngest  form  is  the  trophozoite  described  by 
Bertram,  which  lies  in  a  muscle-fibre,  and  consists  of  cytoplasm 
united  by  a  cuticle,  and  containing  several  mononuclear  pansporo- 
blasts. The  next  stage  is  more  advanced,  for  in  this  the  trophozoite 
has  grown  considerably,  and  now  consists  of  two  coats — an  outer, 
radially  striated,  and  an  inner,  homogeneous,  which  is  prolonged 
externallj'  into  filaments  and  internally  into  a  series  of  septa, 
marking  out  chambers,  each  of  which  contains  one  pansporoblast. 
Internal  to  this  coat  is  a  layer  of  cytoplasm  forming  the  endoplasm 
of  the  parasite. 
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Fig.   114. — Sarcocystis  tenell^e 
BUBALis  :  Young  Form! 


The  poles  of  the  parasite  consist  of  undifferentiated  endoplasm, 
and  form  the  areas  of  growth  of  the  young  trophozoite.  The  pan- 
sporoblast breaks  up  into  a  large  number  of  spores. 

The  third  stage  is  reached  when  the  parasite  has  grown  so 
much  that  it  has  stretched 
the  muscle-fibre,  in  which  it 
is  lying,  into  a  thin  sheath 
covering  it,  and  therefore 
now  appears  to  lie  between 
the  muscle-fibres.  The  endo- 
plasmic layer  extends  all 
round  the  interior  of  the  parasite,  so  that  the  pansporoblasts  are 
formed  from  the  whole  periphery,  and  therefore  the  youngest  forms 
are  in  this  position,  whUe,  farther  in,  chambers  with  the  fully  developed 
pansporoblasts  are  found,  and,  still  farther  in,  is  the  centre  of  the 
parasite,  filled  by  a  granular  substance  formed  from  broken-down 
and  dead  spores  which  have  been  too  long  in  existence. 

As  to  the  spores,  a  curious  point  to  be  noted  is  that  some  observers 
only  describe  gymnospores,  while  others  only  describe  chlamydo- 
spores.  Minchin  suggests  that  this  is  because  parasites  in  different 
stages  of  their  life-history  have  been  examined,  and  he  looks  upon 
the  gymnospores  as  merozoites  and  the  chlamydospores  as  spores, 

and  these  views  are  strongly 
supported  by  Korte's  descrip- 
tion of  a  form  in  Macacus 
rhesus. 

The  merozoites  are  crescent- 
shaped,  naked  spores,  from 
I  to  12  /li  in  length,  according 
to  the  species,  consisting  of  a 
finely  granular  protoplasm 
with  a  nucleus,  some  granules, 
and  one  or  two  vacuoles. 
They  are  thought  to  be  the 
means  by  which  the  parasite 
spreads  itself  in  its  host, 
especially  as  they  are  motile 
by  gliding,  corkscrew,  or 
amoeboid  movements. 

The  spores  are  from  3  to 
14  /tt  long  in  Sarcocystis  tenella, 
with  one  extremity  rounded 
and  the  other  pointed.  They 
are  curved,  and  surrounded 
by  a  thin  membrane.  The  pointed  third  of  the  spore  is 
spirally  striated,  due  to  fine  folds  in  the  outer  capsule,  while  the 
blunt  third  contains  a  nucleus.  It  is  obvious  that  this  resembles 
the  spore  of  a  myxosporidian,  and,  in  fact.  Van  Eecke  says  that 
one,  two,  or  even  three  filaments  issue  from  a  spore. 


i 


Fig.   115. — Sarcocystis  tenella 
BUBALi  in  Meat. 
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It  is  thought  that  these  spores  spread  the  infection  to  another 
host,  but  in  what  manner  is  not  clear.  Perrin  has  recently  sug- 
gested that  the  parasite  may  be  transmitted  by  the  larvae  and 
imagines  of  the  blow-fly  (Calliphora)  or  the  flesh-fly  (Sarcophaga). 

It  is  true  that  Smith  has  infected  (after  a  long  incubation)  mice 
by  feeding  them  on  the  flesh  of  infected  mice,  but  that,  of  course, 
might  simply  be  by  the  merozoites,  and  would  in  any  case  not 
explain  how  herbivorous  animals  are  infected.  Our  feeding  experi- 
ments with  a  dog  were  not  successful. 

Sarcocystis  tendla  bubali  is  very  common  in  the  buffalo-meat  in 
Ceylon,  and  frequently  causes  inquiries  to  be  made.  It  appears  as 
white  particles,  called  by  the  native  butchers  '  milk-nerves,'  lying 
among  the  muscular  fibres  of  tongue,  larynx,  diaphragm,  and 
skeletal  muscles.  This  ingestion  of  infected  meat  has  apparently 
no  deleterous  effect  on  man. 

Classification. — Only  one  genus  is  recognized — viz.,  Sarcocystis  Lankester 
1882. 

1.  Sarcocystis  miescheriana  Kuhn  1865,  found  in  the  pig. 

2.  S.  bertrami  Doflein  1901,  in  the  horse. 

3.  S.  tenellcs  Railliet  1886,  in  the  sheep. 

5.  tenellcB  bubali,  in  the  Ceylon  buffalo.  Vuillemin  has  described  a  case  of 
this  infection  in  man. 

4.  S.  blanchardi  Doflein  1901,  in  cattle. 

_  5.  S.  lindemanni  Rivolta  1878. — This  species  has  been  found  in  man. 
They  were  first  described  indefinitely  by  Lindemann  in  1868  in  the  myo- 
cardium and  on  the  valves  of  the  heart  of  a  person  who  had  died  of  dropsy. 
They  were  said  to  be  3  millimetres  in  length  and  1-5  millimetres  in  breadth, 
but  it  is  very  doubtful  what  these  really  were. 

Rosenberg,  in  1902,  reports  a  most  doubtful  case  of  a  cyst  in  a  papillary 
muscle  in  a  person  who  died  from  pleuritis  and  endocarditis.  Kartulis 
described  them  in  the  muscular  system  and  liver  (most  doubtful  )of  a  person 
who  died  from  multiple  abscesses  in  the  liver  and  muscles.  The  man  was  a 
Sudanese.     Koch,  in  1887,  described  an  undoubted  case  in  Egypt. 

Baraban  and  St.  Remy,  in  1894,  described  them  in  the  laryngeal  muscles 
of  a  man  who  had  been  executed.  This  description  is  not  to  be  doubted. 
The  parasite  is  described  as  being  i'6  millimetres  long,  and  about  o-l7  milli- 
metre in  width. 

6.  S.  hueti  Blanchaxd  1885,  in  the  seal. 

7.  S.  hortii  Castellani  and  Chalmers  1909. — This  parasite,  found  by  Korti 
m  the  thigh  muscles  of  Macacus  rhesus,  is  peculiar  in  that  the  inner  coat  wfiS 
not  continued  into  the  cytoplasm  of  the  trophozoite,  and  the  endoplasm 
contained  only  gymnospores  (merozoites),  and  no  pansporoblasts  or  alveolar 
network.  The  spores  contained  nothing  but  a  nucleus,  no  cell  membrane 
or  other  structure  being  visible.  There  were  no  signs  of  any  reaction  on  the 
part  of  the  tissues. 

8.  S.  aramidis  Splendore  1907. — Parasite  in  Aramidis  saracura,  a  Brazilian 
bird. 

9.  S.  ammodromi  Splendore  1907. — Miescheria  ammodromi  Splendore  1907. 
Mesnil  says  it  is  not  generic,  and  perhaps  not  specific.  It  is  found  in  a 
Brazilian  bird,  Ammodromus  manimbe. 

2.  Rhinosporidium  Minchin  and  Fantham  1905. 

Definition. — Saxcocystidee  with  well-defined  sporoblast. 
Kinealy  in  1903  reported  to  the  Laryngological  Society  a  peculiar 
case  of  polypus  growing  from  the  septum  of  the  nose  of  an  Indian 
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Calcutta  as  a  pedunculated  vascular  growth  resembling  a  rasp- 
irry  in  appearance  by  having  whitish  spots  on  the  general  red 
rface.  On  section,  this  tumour  was  found  to  have  pecuHar 
)dies  embedded  in  it. 

It  was  then  carefully  examined  and  described  by  Minchin  and 
mtham,  who  came  to  the  conclusion  that  it  was  a  haplosporidian, 
id  named  it  Rhinosporidium  kinealyi. 

In  1905  Nair  of  Madras  came  across  a  similar  polypus  in  several 
iople  who  all  came  from  the  small  native  State  of  Cochin  on  the 
est  coast  of  India.  These  polypi  have  been  carefully  described 
7  Beattie  in  1906. 

On  cutting  into  the  polpyus  it  is  noticed  that  there  are  minute 
)ts  visible  to  the  nakdd  eye,  and  capable  of  being  dissected  out. 
lese  dots  are  cysts. 

When  examined  with  the  microscope,  it  is  seen  that  the  growth 
covered  by  stratified  pavement  epithelium,  which  shows  signs  of 
olif eration  and  invasion  by  polymorphonuclear  leucocytes.  Under 
lis  epithelium  there  is  a  stroma  formed  of  dehcate  fibrous  tissue, 
yxomatous  in  places,  and  cellular  at  other  spots.  The  cysts  were 
und  to  be  oval,  round  tubular,  branched  or  irregular  bodies,  lying 
ilow  the  epithelium  principally,  but  also  found  in  haemorrhages 
id  in  cell  collections.  The  wall  of  the  cyst  is  generally  thin,  and 
IS  either  an  opening  or  a  conical  elevation  at  one  point.  It  cou- 
rts of  two  layers — a  thinner  external  and  thicker  internal  coat, 
le  smaller  cysts,  from  10  to  30  /*  in  diameter,  contained  undiffer- 
itiated  protoplasm  with  a  vesicular  nucleus  containing  a  nucleolus, 
le  larger  cysts  had  one  or  more  definite  chromatic  masses.  A 
lly  developed  cyst  is  lined  with  protoplasm,  in  which  young  pan- 
oroblasts  are  forming,  while  the  centre  of  the  parasite  is  full  of 
d  pansporoblasts,  separated  from  one  another  by  an  indefinite 
imework  continuous  with  the  capsule.  A  young  pansporoblast 
seen  to  be  a  small  oval  or  rounded  mass  of  cytoplasm  with  a 
igle  nucleus.  This  body  grows,  and  becomes  surrounded  by  a 
embrane,  while  its  nucleus  'divides  by  amitosis  into  four  to  sixteen 
ores,  each  of  which  has  a  very  thin  wall  and  a  central  nucleus, 
le  pansporoblasts  and  spores  are  set  free  by  rupture  of  the  cyst, 
id  may  be  surrounded  by  polymorphonuclear  leucocytes,  thus 
rming  minute  abscesses,  or  may  be  engulphed  by  mononuclear 
rcocytes,  or  may  grow  into  parasites,  or  escape  from  the  host  in 
e  nasal  secretion.  The  method  of  infection  is  not  known. 
The  framework  inside  the  cyst  separating  the  pansporoblasts 
licates  that  Rhinosporidium  belongs  to  the  Sarcosporidia,  and 
t  to  the  Haplosporidia. 

The  pathology  appears  to  be  a  proliferation  of  the  submucosa 
d  mucosa  of  the  nose,  brought  about  by  the  irritation  of  the 
rasite. 
Treatment. — Removal  and  cauterization. 
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ORDER  IV.  HAPLOSPORIDIA  Caullery  and  Mesnil  1899. 

Neosporidia  with  very  simple  life-history  and  undifferentiated  cell-plasma, 
without  septum  and  with  spores  of  simple  structure,  with  one  nucleus,  and 
no  polar  capsules.  ■    v^ 

The  Haplosporidia  are  characterized  by  the  simplicity  of  their  life-cycle, 
which  begins  with  a  mononuclear  or  binuclear  trophozoite,  which  may  encyst, 
and  in  any  case  grows  larger  and  larger,  while  its  nucleus  divides  into  several 
nuclei,  so  that  a  multinucleated  mass  or  schizont  is  formed.  This  escapes  from 
its  cyst  and  divides  up  into  merozoites,  either  directly  or  after  plasmotomy, 
each  of  which  becomes  a  trophozoite,  thus  completing  schizogony.  Sporogony 
is  unknown. 

They  are  parasites  of  fishes  and  invertebrates. 

Classification. — Family  i.  HAPLOspoRiDiiE  Caullery  and  Mesnil. — Spores 
with  double  envelope  and  opening. 

Genus  1.  Haplosporidium. — Spores  closed  by  a  valve.     In  annelids. 

Genus  2.   Urospondium. — Spores  open.     In  annelids. 

Family  2.  BERTRAMiiD.ffi:. — Spore  envelope  without  opening. 

Genus  1.  Bertramia. — Stomach  of  fish. 

Genus  2.  IchthyospoHdium. — In  tumours  of  fish. 

Family  3.  Ccelosporidiid.b. — Spores  nude. 

Genus  1.  Polagarynum. 

Genus  2.  Blastulidium. 

Protozoa  Incertse  Sedis. 
Cytoryetes  Variolas  Guarnieri  1892. 

Synonym. — Strombodes  jeuneri  Sjobrung  1902. 

In  1892  Guarnieri  described  peculiar  parasitic  bodies  in  lesions  of  smallpox, 
and  in  those  produced  by  vaccination  of  the  cornea  of  rabbits,  etc.  Pfeiffer, 
in  1893,  confirmed  these  findings,  as  did  Jackson  Clarke  in  1894,  and 
Wasielewski  in  1897.  Councilman,  Magrath,  and  Calkins,  in  1903,  published 
the  full  account  of  the  life-history  of  the  parasite,  and  their  findings  have 
been  confirmed — in  part,  at  least — by  De  Korte  in  1905. 

In  its  youngest  form  Cytoryetes  variola  is  seen  in  the  cells  of  the  skin  as  a 
minute  spherical  homogeneous  body,  07  ft.  in  size.  No  differentiation  into 
nucleus  and  cytoplasm  is  possible,  as  the  organism  appears  to  be  all  nucleus. 
The  parasite  grows  to  3  y.,  and  then  shows  a  vacuolization  in  the  centre, 
with  sometimes  a  central  dot.  The  periphery  next  shows  minute  unstained 
dots,  which,  when  they  become  larger,  take  on  the  green  of  a  Borrel's  stain. 
The  red  staining  material  is  called  by  Calkins  protogonoplasm. 

The  organism  can  now  change  its  shape  and  .throw  out  pseudopodia,  and 
lives  in  a  vacuole  near  the  nucleus  ;  there  is  no  ectoplasm  or  endoplasm,  no 
vacuoles,  but  only  chromatin  granules  of  protogonoplasm.* 

Auto-Infectlon. — In  a  large  parasite  (10  to  14  li)  the  protogonoplasm  is  dis- 
tributed through  the  body  in  minute  spherical  granules  lying  in  a  minute 
vesicle,  forming  granules  from  ov  to  i  /i  in  diameter,  which  are  liberated  by 
disintegration  of  the  framework  of  the  host  cell,  while  the  rest  of  the  cyto-  , 
plasm  form  a  nucleus  de  religuat. 

Sexual  Development. — The  homogeneous  granules  or  gemmules  may  start 
the  cycle  of  cytoplasmic  organisms  again,  or  may  become  germ-cells  in  the 
aucleus.  The  gemmules  reach  the  nucleus,  but  they  now  stain  uniformly 
a.nd  become  minute,  clearly-defined,  homogeneous  bodies — female  gameto- 
Eytes.  Sometimes  they  fail  to  reach  the  nucleus  and  remain  in  the  cytoplasm, 
in  which  they  can  only  partially  develop.  Within  the  nucleus  Calkins  thinks 
bhey  form  male  and  female  gametocytes,  homogeneous  granules,  or  the 
jemmules  become  spherical,  with  central  red  masses,  and  later  red  masses 
it  the  periphery — the  male  gametes.     No  conjugation  has  been  observed; 

The  zygote  is  an  amoeboid  body  lying  in  the  nucleus,  and  staining  deeply. 
This  zygote  becomes  a  pansporoblast  and  the  mother-cell  of  the  sporoblasts. 
The  spore  is  very  minute,  and  contains  a  vacuole  ;  it  migrates,  and  may  travel 
into  nucleus  and  form  secondary  sporoblasts. 

*  Volpino  has  described  minute  motile  granules  in  the  epithelial  cells, 
which  he  considers  to  be  the  true  parasites. 
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Fig.  1 16. — A  Series  of  Small  Ichthyosporidia 

ENCLOSED    IN    CONNECTIVE   TiSSUE. 


Fig.  117. — A  Medium-sized 
ichthyosporidium  in  a 
Nest  of  Connective 
Tissue. 


Fig.   118. — Escape  of  the  Ichthyosporidium 
FROM  its  Cyst. 


Fig.  120. — Large  Ichthyosporidia,  one 

OF    WHICH    (on    the    RIGHT)    IS    UNDER- 
GOING Plasmotomy. 


Fig.  iig. — Breaking- 
up  OF  AN  Ichthyo- 
sporidium into  Re- 
productive Bodies. 


Fig.  121. — Young  Forms 
developed  from  the 
Breaking  -  up  op  a 
Large  Parasite. 


(From  drawings  by  Miss  Robertson.) 
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Neuroryctes  hydrophobise  Calkins  1907. 

Neuroryctes  hydrophobise,  better  known  as  the  Negri  bodies,  because  tney 
were  discovered  by  Negri  in  1903  as  round  or  oval  bodies,  i  to  23  a  in  length, 
in  the  nerve  cells  of  the  brain,  especially  the  Cornu  ammonis,  of  animals  sunermg 
from  hydrophobia,  are, now  generally  accepted  as  the  cause  of  the  disease. 
Hydrophobia  is  so  common  in  India  and  Ceylon  that  a  knowledge  of  its 
parasite  is  necessary  to  the  practitioner  in  that  part  of  the  tropics. 

Some  authorities  consider  these  "bodies  to  be  cell-structures,  biit  in  our 
opinion  there  cannot  be  any  doubt  that  they  are  parasites,  especially  after 
the  further  investigfi,tion  of  Negri,  amply  confirmed  by  Williams,  Lowden, 
and  Calkins,  who  named  it  Neuroryctes  hydrophobics  Calkins  1907.  Prowazek 
believes  them  to  be  Chlamydozoa,  with  which  statement  we  are  unable 
to  agree.  When  stained  by  Giemsa  the  protoplasm  takes  on  a  bluish  tinge 
like  the  malarial  organism,  while  there  is  a  central  body  like  a  nucleus, 
composed  of  a  periphery  of  chromatin,  and  containing  a  central  chromatic 
particle  staining  red.  Negri,  Williams,  and  Lowden  give  drawings  indicating 
the  rapid  division  and  growth  of  the  organism,  which  apparently  as  it  grows 
divides,  until  finally  large  forms  result  whose  chromatin  breaks  up  into 
minute  masses.   • 

They  consider  that  the  parasite  reaches  the  nervous  systeni  by  spreading 
along  the  nerves,  which  it  does  more  quickly  than  travelling  by  the  blood. 

Cyclasterella  scarlatinalis  Mallory  (Doubtful  Species). 

In  1904  Mallory  described  round  and  elongated  bodies,  sharply  stained 
with  methylene  blue,  2  to  7  ^  in  size,  Ijring  in  the  epithelium  of  the  epiderrnis, 
together  with  radiate  bodies,  composed  of  a  central  spherical  body  with  ten 
to  eighteen  segments  radiating  away  from  it,  in  epithelial  cells  and  lymph- 
spaces  of  the  epidermis  of  people  suffering  from  scarlet  fever. 

This  discovery  has  since  been  confirmed,  both  during  life  and  in  post- 
mortems, by  Field  and  Duval. 

Further  research  is  needed  before  the  nature  of  these  bodies  can  be  definitely 
settled. 


Coccidioides  immitis  Rixford  and  Gilchrist 
Synonyms. — C.   pyogenes  Rixford   and 


1897  (Doubtful  Species). 

Gilchrist  1897,  Coccidium  posades 
Caxton  (?)  1898. 

These  parasites  were  first  seen  by 
Wernicke  and  Possadas  in  Buenos 
Ayres.  and  later  in  the  United 
States  by  Rixford  and  Gilchrist, 
Montgomery,  Moffit,  and  Ophiils, 
where  they  cause  an  infection  pro- 
ducing nodules  in  the  skin,  Uver, 
kidney,  genitalia,  and  lymphatic 
glands. 

They  arc  small,  rounded  bodies 
3  to  30  /i  in  size,  contained  in  giant 
cells. 

The  Bodies  of  Ureteritis  Cystica 
(Doubtful). 

In  this  disease  the  kidney  is 
hydronephritic  and  the  ureter  and 
bladder  are  cystic. 

The  cysts  .contain  large  and 
small  oval  and  irregular  cells  with 
bright  globules,  variously  interpreted  as  Coccidia,  Myxosporidia,  ^and  cell 
inclusions. 


Fig. 


122. — Bodies  found  in  Man  by 
Castellan:  and  Willey. 


PECULIAR  BODIES  IN  BLOOD 
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Bodies  described  in  Man  by  Castellani  and  Willey. 

These  bodies  were  found  and  described  in  1905  in  two  patients  suffering 
rem  irregular  fever.  They  generally  have  a  crescentic  shape,  10  to  30  u  in 
ength,  and  1  •  5  to  4  /*  in  breadth.  They  often  present  vacuoles,  and  a  nucleus 
nay  be  seen  m  some  specimens,  but  not  in  all.  The  whole  body  stains  bluish, 
vhile  here  and  there  granules  of  chromatin  can  be  seen.  They  cannot  bo 
;ompared  with  malarial  crescents,  as  they  never  contain  pigment. 

Bodies  described  in  Man  by  the  Brothers  Sergent. 

Et.  and  Ed.  Sergent  in  1908  reported  a  vermiform  body,  40  /i  long  by  i  to 
1-5  fi  broad,  pointed  at  each  end,  with  a  nucleus  in  the  middle,  in  the  blood 
)f  a  person  suffering  from  night-sweats  and  nausea. 


Fig.  123. — Bodies  found  in  Man 
BY  THE  Brothers  Sergent. 


Fig.  124. — Bodies  found  in  Bos 

INDICUS  BY  CaSTEILANI  AND  StURGESS. 


Bodies  described  by  Castellani  in  Bos  indicus. 

These  bodies  were  observed  by  Castellani  in  Indian  bulls  in  igo6,  and  were 
:onsidered  by  him  to  be  closely  related  to  those  found  in  man.  In  prepara- 
ions  stained  by  Giemsa  the  bodies  have  a  bluish  tint,  with  often  specks  of 
:hromatin  dotted  here  and  there.  The  shape  is  crescentic,  with  acute  or 
ibtuse  extremities  ;  length,  10  to  30  ^  ;  breadth,  3  to  5  /..  Very  rarely  fusi- 
orm  parasites  may  be  seen.  The  protoplasm  may  be  vacuolated,  and  in 
aost  individuals  a  central  nucleus  can  be  seen,  which  is  large,  and  contains 
)ut  little  chromatin.  Recently  Castellani  and  Sturgess  have  observed  another 
mllock  with  the  same  parasite. 

Bodies  found  by  Sambon  in  Pseudoehirus  peregrinus. 

Recently  Sambon  has  found  bodies  in  a  lemur  which  may  have  some  rela- 
ionship  to  the  above. 

Bodies  found  by  Neave  in  a  Guinea-Fowl. 

In  1906  Neave  reported  finding  multinucleated  bodies  in  Numidia  ptilo- 
hyncha  (the  guinea-fowl),  but  some  authorities  look  upon  these  bodies  as 
leing  possibly  fungi. 

The  Cblamydozoa. 

S.  Prowazek  considers  that  the  endocellular  bodies  described  as  parasites 
f  smallpox,  hydrophobia,  moUuscum  contagiosum,  etc.,  are  not  the  true  para- 
itic  agents  of  those  diseases,  but  merely  products  of  cellular  reaction  caused 
y  the  cells  being  invaded  by  minute  germs  appearing  as  delicate  granules, 
olourable  by  various  stains,  but  often  Gram-negative.  In  presence  of  these 
linute  germs  the  cells  would  react  by  a  hyperproduction  of  nuclear  and 
liromatic    substances    enveloping    the    granules.     Prowazek    considers    the 

22 
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chlamydozoa  to  be  more  closely  related  to  the  protozoa  than  to  the  bacteria. 
He  and  Halberstadter  have  described  chlamydozoa  in  trachoma,  and  recently 
Keysselitz  and  Mayer  have  described  chlamydozoa  in  chicken-pox. 

Histoplasma  capsulatum  Darling  1906. 

Histoplasma  capsulatum  was  discovered  post  mortem  by  Darling 
in  Panama  in  1906.  It  is  a  round  or  oval  parasite,  i  to  4  /i  in 
diameter,  enclosed  in  an  achromatic  retractile  capsule.  It  possesses 
a  single  nucleus,  as  a  rule,  and  has  chromatic  spaces  in  the  cyto- 
plasm. It  is  found  in  the  endothelial  cells  of  capillaries  and  small 
bloodvessels,  in  the  liver,  spleen,  lungs,  intestines,  and  lymphatic 
glands,  and  also  in  leucocytes. 

It  causes  a  form  of  Splenomegaly  which  resembles  Indian  Kala- 
azar.  The  parasite  differs  from  Leishmania  donovani  in  possessing 
only  a  single  chromatin  mass.  In  smears  from  the  lungs  and  spleen 
flagellate  forms  have  been  reported  by  Darling. 

PHYLUM  V,  CILIATA  Ehrenberg. 

The  Ciliata  are  free-living  or  parasitic  Heterokaryota,  found 
principally  in  water,  where  they  exist  upon  small  animal  and 
vegetal  organisms  and  the  debris  of  decomposing  plants  and 
animals.  Some  of  them  can  live  in  the  alimentary  canal  of  man 
and  animals,  obtaining  their  food  from  its  contents,  and  increasing 
to  such  numbers  as  to  cause  irritation  of  the  intestine. 

Their  movement  is  by  cilia,  but  always  with  one  end,  the  anterior, 
in  front.  Th6y  turn  round  when  desiring  to  progress  in  a  different 
direction.  This  anterior  end  may  be  similar  morphologically  to 
the  posterior,  or  may  be  characterized  by  being  more  pointed,  by 
having  a  mouth,  or  by  peculiar  sensory  cilia  (Hypotricha),  or  by 
a  peristome  of  long  cilia  (Heterotricha).  The  body,  which  may  be 
spherical  or  flattened,  is  divided  into  an  ectoplasm  (the  cortex); 
and  endoplasm  (the  medulla).  The  ectoplasm  may  simply  be  a  clear 
outer  layer  of  the  protoplasm,  or  it  may  be  differentiated  into  three 
layers.  The  first  is  very  thick  and  very  tough ;  the  next,  called 
the  alveolar  sheath,  is  marked  by  vertical  parallel  lines,  which  are 
the  contractile  myoneme  threads  ;  while  the  innermost  layer  next 
to  the  endoplasm  consists  of  clear  transparent  ectoplasm. 

The  semi-fluid  endoplasm  is  in  constant  rotatory  motion,  con- 
taining food  vacuoles,  contractile  vacuoles,  nuclei,  pigment  granules, 
colourless  granules,  crystalline  bodies,  and  smaller  particles.  The 
cytostome  or  mouth  is  present  in  all  except  the  parasitic  Opalinse. 
It  is  a  slit  in  the  cortex  at  the  anterior  end  of  the  body,  which  can 
be  opened  for  the  reception  of  food,  but  is  usually  kept  closed.  It 
may  be  on  the  surface  or  may  be  carried  inwards  by  a  funnel-shaped 
depression  in  the  ectoplasm  called  the  vestibule,  which  may  be 
lined  by  cilia  speciaUzed  for  the  capture  of  food. 

A  cytopyge,  or  cell  anus,  occurs  in  Nydotherus,  but  as  a  rule  no 
definite  opening  appears,  and  the  undigested  food  is  simply  pushed 
through  the  cortex. 


CI  LI  AT  A  ^jp 


Two  wholly  distinct  nuclei  exist  in  the  Heterokaryota,  a  mega-  or 
macronucleus  and  a  micronucleus.  They  are  not  merely  different 
m  size,  form,  structure,  and  appearance,  but  also  in  function  •  for 
the  macronucleus  is  somatic  and  trophic  in  its  function,  while  the 
micronucleus  is  purely  sexual.  They  are  not  comparable  to  the 
tropho-  and  kinetonuclei  of  the  trypanosomes. 

Ihe  macronucleus  is  generally  well  marked,  but  breaks  down 
into  granules  before  or  after  conjugation.  It  consists  of  an  achro- 
matic portion,  with  a  chromatic  portion  in  the  form  of  a  close- 
meshed  network  of  fibrils,  but  whether  there  is  a  definite  surrounding 
membrane  or  not  is  doubtful. 

The  micronucleus,  when  at  rest,  is  a  minute  irregular  granule  of 
chromatin  lying  in  the  centre  of  a  perfectly  clear  achromatic  area. 
Probably  there  is  only  one  in  each  animal,  and  the  appearance  of 
two  or  niore  is  due  to  reproductive  phases  which  are  just  finishing. 

The  Ciliata  are  characterized  by  the  presence  of  protoplasmic  pro- 
cesses projecting  all  over  the  body.  These  are  fine,  short  whips, 
called  cUia,  which  in  places  are  transformed  into  thick  processes 
called  cirri  or  fiat  membranes  in  certain  species.  The  cilia  are  pro- 
cesses of  the  pellicle,  but  they  appear  to  be  supported  by  a  thread 
of  specialized,  ectoplasm.  The  short,  fine  cilia  are  for  motion,  and 
the  long,  motionless  cirri  for  the  purpose  of  entangling  food-particles. 
The  membranes  are  supposed  to  be  formed  of  fused  cilia.  Tricho- 
cysts  exist  in  the  Holotricha,  and  an  excretory  organ  has  recently 
been  described  by  Metcalfe  in  certain  species  of  Opalina,  parasitic 
in  frogs,  while  other  Ciliata  have  a  contractile  vacuole. 

Reproduction  may  take  place  asexually  by  (i)  transverse  or 
longitudinal  division ;  (2)  gemmation,  simple  or  multiple  ;  (3)  en- 
cystment  and  spore-formation,  or  sexually  by  conjugation. 

1.  Fission. — ^There  is  no  morphological  distinction  between  longi- 
tudinal and  transverse  fission,  in  which  the  following  changes  take 
place :  (i)  A  second  mouth  is  formed ;  then  comes  (2)  enlargement  and 
divisionof  the  micronucleus;  followed  by  (3)  enlargement  and  division 
of  the  macronucleus  ;  and,  finally,  (4)  division  of  the  cytoplasm. 

2.  Encystment  and  Spore-Formation. — ^The  animal  encysts  and 
breaks  up  into  a  number  of  small  individuals. 

3.  Conjugation. — Conjugation  has  been  best  described  by  Calkins 
and  CauUery  in  Paramcecium  aurelia.  Two  conjugating  cells  about  the 
same  size  are  placed  so  that  the  mouths  are  directly  opposed.  The 
micronucleus  swells,  its  chromatin  becomes  granular,  elongcCted, 
crescentic,  fusiform,  and  finally  forms  two  nuclei,  each  of  which  at 
once  divides  into  two.  Of  these,  two  degenerate,  while  the  other  two 
divide  to  form  a  migratory,  or  male,  and  a  stationary,  or  female,  pro- 
nucleus. The  male  interchange  and  fuse  with  the  opposite  female 
nuclei,  and  then  the  organisms  separate.  The  macronucleus  fragments 
and  disappears,  and  the  synkaryon  breaks  up  into  eight  micronuclei. 

Four  of  these  swell,  and  are  changed  into  macronuclei ;  so  that 
four  micro-  and  four  macronuclei  are  in  the  same  cell,  which  divides 
into  two  very  small  cells  with  two  macro-  and  micronuclei  each. 
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These  cells  grow  to  nearly  full  size,  and  then  divide,  giving  rise  to 
the  typical  protozoon,  with  one  macronucleus  and  one  micronucleus. 

Parasitism. — A  great  many  species  of  the  CUiata  are  parasitic  in 
the  intestine  or  bladder  of  other  animals,  and  some  are  epizoic. 

The  latter  will  often  be  met  with  as  VorticellcB,  living  on  Anopheles 
and  Culex  larvae.  The  former  are  found  largely  in  the  Orthoptera, 
the  Amphibia,  and  in  herbivorous  mammals — e.g.,  horse  and  cow. 

In  man  a  few  have  been  recorded :  Chilodon  dentatus  Dujardin 
1842,  C.  uncinatus,  Colpoda  cucullus  Schutz  1889,  Balantidium  coli 
Malmsten  1857,  B.  minutum  Jakobi  and  Schaudinn  1898,  Nydo- 
tkerus  faha  Jakobi  and  Schaudinn  1898,  N.  giganteus  Krause  1906, 
N.  africana  Castellani  1905. 

Parasitism  does  not  appear  to  affect  the  structure  of  the  animal, 
unless  the  loss  of  the  cytostome  in  Opalina,  parasitic  in  frogs,  is 
considered  to  be  due  to  this  cause. 

Pathogenesis. — ^The  ciliate  parasites,  as  a  rule,  appear  to  cause 
but  little  effect,  unless  they  are  present  in  large  numbers,  when 
diarrhoea,  often  severe  and  long-persisting,  may  result. 

Classification. — ^The  Ciliata  are  classified  into  four  orders : 

Order  I.  Holotricha. — MobUe  Ciliata  without  special  oral  cirri 
[Chilodon,  Colpoda). 

Order  II.  Heterotricha. — Mobile  Ciliata  with  special  oral  cirri 
[Balantidium,  Nycotherus) . 

Order  III.  Hypotricha. — Mobile  Ciliata  with  well-developed  dorsal 
and  ventral  surfaces.     Not  known  to  be  parasitic  in  man. 

Order  IV.  Peritricha. — Fixed  Ciliata.  Not  known  to  be  parasitic 
in  man. 

ORDER  I.  HOLOTRICHA  Stein. 

The  Holotricha  are  free-moving  Ciliata,  in  which  all  the  ciHa  art 
of  approximately  equal  length  and  thickness,  and  never  possessing 
cirri.     It  is  divided  into  two  suborders  : 

Gymnostomata. — Mouth  closed  when  ingesting  food. 

Hymenostomata. — Mouth  always  open,  and  provided  with  an 
undulating  membrane. 

Gymnostomata. 

Family  Chlamyd0DONTID^  Stein. — In  this  family  there  is  a 
genus  Chilodon  Ehrenberg,  which  includes  oval,  strongly  dorso- 
ventrally  compressed  Chlamydodontidse,  commonly  found  in 
infusions,  of  which  one  species,  C.  dentatus  Dujardin  1842,  was 
found  in  great  abundance  by  Guiart  in  the  motions  of  a  woman 
suffering  from  severe  dysentery  in  Paris.  Quite  recently  Manson 
and  Sambon  have  described  a  case  of  chance-parasitism  due  to 
another  species,  C.  uncinatus  Blochmann,  in  a  patient  from,  tropical 
South  Africa.  They  noted  that  the  parasites  were  only  found  in 
the  mucus,  never  in  the  faecal  masses.  They  were  present  in  very 
large  numbers,  and  were  found  to  be  all  gametes,  some  of  which  were 
conjugating.  It  appears  probable  that  Guiart's  parasites  may 
really  have  been  C.  uncinatus,  and  not  C.  dentatus. 
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Hymenostomata. 

Family  Chiliferid^  Biitschli.— The  genus  Colpoda  Miiller  in- 
cludes the  kidney-shaped  Chilif  era,  with  rows  of  cilia  twisted  from  left 
to  right,  commonly  found  in  hay  infusions,  of  which  one  species, 
Colpoda  cucullus  Schutz  1899,  commonly  found  in  the  water  of 
marshes,  was  noticed  in  a  brickmaker  attacked  with  dysentery,  in 
Berlin. 

ORDER  n.  HETEROTRICHA  Stein. 

The  Heterotricha  are  free-moving  Ciliata,  with  strong  cirri  or 
membranellse,  forming  an  adoral  ring  enclosing  a  space,  the  peri- 
stome, at  one  part  of  which  the  mouth  opens.  The  order  is  divided 
into  Polytricha,  Oligotricha. 

Polytricha. — Heterotricha  in  which  the  surface  of  the  body  is 
covered  with  rows  of  short  cilia. 

Families. — Plagiostominidce  Claparede  and  Lachmann,  Bursa- 
rinidcB  Biitschli,  Stentorinidce  Stein,  Gyrocoryna  Stein. 

Bursarinidse  Biitschli. 

This  family  includes  the  genus  Balantidium. 

Balantidium  Claparede  and  Lachmann. — Bursarina  with  a  large 
peristome  and  a  well-marked  anal  aperture. 

Balantidium  is  common  in  the  rectum  of  pigs,  and  is  sometimes 
found  in  the  intestines  of  man. 

Balantidium  eoli  Malmsten  1857. 

Synonyms. — Paramecium  coli  Malmsten  1857,  Balantidium  coli 
Stein  1867. 

Balantidium  coli  is  constantly  found  in  pigs,  and  has  been  found 
in   the    colon    and   the 
lejecta  of  man  in  cases 
jf  cholera  and  diarrhoea. 

In  shape  it  is  oval, 
ilightly  pointed  anteri- 
orly, but  this  depends 
ipon  whether  the  peri- 
stome is  funnel-shaped 
)r  contracted.  It  is 
;overed  with  cilia  ar- 
"anged  in  parallel  rows, 
yhich  give  it  a  striated 
ippearance. 

It  is  0'o6  to  o'l  milli- 
netre  in  length  by  o'05 
0  007  millimetre  in 
)readth,  and  possesses 
.  bean-  or  kidney-shaped 
nacronucleus,  and  a 
lobular  micronucleus  situated  near  it. 
ransverse  division  or  by  conjugation. 


Fig.   125. — Balantidium  coli. 

(After  Hartmann.    From  the  Archiv  filf  Schiffs- 
u.  Tropenhygiene.) 

It  develops  asexually  by 
It  can  encyst,  and  in  this 
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condition  pass  from  pigs  to  man.     B.  coli  lives  in  the  rectum  of  pigs, 
and  is  transferred  by  its  cysts  to  man. 

It  was  discovered  by  Malmsten  in  a  man  who  had  had  cholera, 
and  was  suffering  from  diarrhoea  and  ulcer  of  the  rectum.  The 
ulcer, had  nothing  to  do  with  the  disease,  as  it  healed,  while  the 
diarrhoea  was  probably  due  to  the  parasites. 
Casagrandi  and  Barbagallo  produced 
catarrhal  enterocolitis  in  young  cats  by 
means  of  this  parasite. 

Strong  has  investigated,  in  a  masterly 
manner,  the  enterocolitis  produced  by  B.  coli 
in  the  Philippine  Islands. 

Balantidium  minutum  Schaudinn  1899. 

The  body  is  shortly  oval,  with  a  pointed 
anterior  extremity.  Length,  20  to  32  /* ; 
breadth,  14  to  20  /*. 

The  peristome  extends  into  the  centre  of 
the  body,  and  has  the  right  lateral  border 
fringed  with  cUia,  and  the  left  lateral  border 
terminates  in  a  hyaline  membrane  which  can 
pass  over  to  the  right  side,  and  has  a  row  of  cirri.  The  cysts  are  oval. 
This  parasite  (along  with  Nyctotherus  faba)  was  found  by 
Schaudinn  in  a  German  who  had  often  stayed  in  North  America. 
The  symptoms  were  constipation  alternating  with  diarrhoea  asso- 
ciated with  abdominal  pain. 

Nyctotherus  Leidy  1849. 

Body  bean-  or  kidney-shaped,  with  a  large  peristome  on  the 
concave  side  extending  from  the  anterior  end  up  to  the  middle  of 
the  body,  from  where  a  curved  cytopharynx 
or  oesophagus  extends  inwards.    The  macro- 
nucleus  is  large,  and  situated  almost  in  the 
centre. 

The  species  are  mostly  parasitic  in  the  in- 
testine of  Amphibia,  Insecta,  and  Myriapoda. 

Species  known  in  man :  Nyctotherus  faba 
Schaudinn  1899,  N.  giganteus  Krause  1906, 
iV.  africanus  Castellani  1905. 


Fig.   126. — Balantidium 

MINUTUM. 

After  Hartmann.  From 
the  Archiv  fiir  Schiffs- 
u.  Tropenhygiene.) 


Nyctotherus  faba  Schaudinn  1899. 

N.  faba  is  flattened  dorso-ventrally,  and  is 
26  to  28  fi  in  length,  and  16  to  i8/xin  breadth, 
and  12  n  in  thickness.  The  cilia  on  the  peri- 
stome are  of  two  kinds,  those  on  the  right 
side,  of  the  size  of  the  body,  being  true  cilia,  and  those  on  the 
left  side  being  cirri.    The  contractile  vacuole  is  large,  and  situated 


Fig.  127. — Nyctotherus 

FABA. 

(After  Hartmajiu.  From 
the  Archiv  fur  Schiffs- 
u.  Tropenhygiene.) 
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posteriorly.  The  macronucleus  is  in  the  centre,  and  is  peculiar  in 
having  four  or  five  large  collections  of  chromatin  at  its  periphery. 
The  micronucleus  lies  close  by.     The  cysts  are  oval. 

This  species  was  discovered  by  Schaudinn  in  the  same  patient 
as  Balantidium  minutum. 

Nyctotherus  giganteus  P.  Krause  1906. 

Synonym. — Balantidium  giganteum  P.  Krause  1906. 

This  organism,  along  with  Trichomonas  intestinalis,  was  found  by 
Krause  in  the  dejecta  of  persons  suffering  from  typhoid  in  Breslau. 

It  is  shaped  like  a  truncated  cone,  with  the  anterior  end  narrowed, 
and  the  posterior  broad.  Length,  90  to  400  /x ;  breadth,  60  to  150  /*. 
Surface  covered  with  cilia.  The  peristome  is  situated  laterally, 
and  from  it  a  cytopharynx  leads  inwards. 

The  macronucleus  is  large  and  bean-shaped,  while  the  micro- 
nucleus  is  small  and  round.  One  or  two  vacuoles  can  be  seen.  The 
cytopyge  is  situated  posteriorly. 

In  the  fseces  the  parasite  becomes  rounded  off  and  encysted, 
and  then  divides  into  four. 


Nyctotherus  africanus  Castellani  1905. 

Found  by  Castellani  in  a  Baganda  native.  N.  africanus  is  hour- 
glass-shaped, with  the  anterior  portion  much  less  developed  than 
the  posterior.  Length,  40  to  50  /i. ;  breadth, 
30  to  40  [I.  The  surface  partly  covered  with 
very  minute  and  in  some  cases  invisible 
cilia. 

The  peristome  is  short.  The  cyto- 
plasm is  finely  granular  throughout.  The 
nucleus  is  situate  far  posteriorly,  near 
the  contractile  vacuole.  The  micronucleus 
is  very  small,  and  situated  close  to  the 
macronucleus.  No  food  vacuoles  are  to  be 
seen. 

Neither  division,  conjugation,  nor  en- 
cystment  are  known. 

The  patient,  who  had  diarrhoea  alter- 
nately with  long  periods  of  constipation, 
was  suffering  from  sleeping  sickness. 

The  caecum  contained  many  parasites,  as 
did  other  parts  of  the  bowel.  The  mucosa 
of   the    caecum,    colon,    and   rectum  were 

slightly  congested  but  not  ulcerated.  Castellani  origmally  con- 
sidered this  parasite  to  belong  to  the  genus  Nyctotherus,  but  more 
complete  investigations  will  probably  show  that  it  constitutes  a  new 
genus. 


Fig.  128. — Nyctotherus 
AFRICANUS  Castellani. 
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CHAPTER  XIV 

BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 
— TREMATODA 

Metazoau    parasites — Platyhelmia — Tremaioda— Malacotylea — Paramphi- 
stomidae — Fasciolids — Monostomidas — Schistosoraidae — References. 

SUBKINGDOM  II.  METAZOA. 

Definition. — Metazoa  are  free-living  or  parasitic,  multicellular 
animals,  characterized  by  a  physiological  division  of  labour  among 
their  cells. 

Tropical  medicine  is  only  concerned  with  parasitic  Metazoa,  and 
chiefly  with  those  which  affect  man.  Parasitic  Metazoa  may  be 
ectoparasites — as,  for  example,  many  species  of  the  Insecta — or 
endoparasites — as,  for  example,  many  worms.  The  ectoparasites 
can  cause  disease  by  introducing  toxins,  protozoa,  or  bacteria  into 
the  tissues,  and  in  this  way  they  are  of  the  utmost  importance  as 
the  spreaders  of  disease,  for,  as  Sambon  has  aptly  pointed  out,  a 
disease  is  very  often  limited  by  the  special  oecological  conditions 
of  the  animal  which  spreads  its  germ.  Many  of  the  ectoparasites, 
such  as  mosquitoes,  are  temporary ;  or,  like  ticks,  periodic ;  while 
others,  like  lice,  are  permanent  parasites. 

With  regard  to  the  endoparasites,  their  ill  effects  on  the  host 
depend  upon  many  factors  which  have  beeh  recently  studied  by 
Shipley  and  Fearnsides  in  considerable  detail. 

The  effects  of  metazoan  parasites  on  their  hosts  depend  upon  the 
species  of  the  parasites,  their  condition,  the  number  present,  their 
presence  in  certain  organs,  bacterial  infection,  their  migration  in  the 
body,  the  loss  to  the  host  in  feeding  them,  the  damage  caused  by 
their  toxins,  and  the  condition  of  the  host. 

1.  The  Species  of  Parasite. — -Filaria  may  exist  in  a  host  without 
apparent  ill  effect,  but  Agchylostoma  will  produce  anasmia,  oedema, 
and  perhaps  death. 

2.  The  Condition  ol  the  Parasite.— The  dead  eggs  of  Filaria  are 
believed  to  block  the  lymph  channels,  and  give  rise  to  swelhng  and 
rupture  of  these  vessels,  thus  bringing  about  lymphangitis  and 
elephantiasis,  while  the  living  larvae  apparently  do  no  harm. 
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3.  The  Number  of  Parasites.— A  few  Ascarides  may  cause  no 
symptoms,  while  a  large  number  may  lead  to  serious  disease. 

4.  The  Organ  Affected.— Ascarides  in  the  aUmentary  canal  are  not 
nearly  so  virulent  as  in  the  liver,  while  Pamgonimus  westermani  in 
the  lungs  will  cause  a  disease  somewhat  resembling  phthisis. 
Ascarides  may  cause  serious  mischief  in  the  pancreas,  as  observed  by 
Chalmers,  and  may  cause  appendicitis,  as  noted  by  Blanchard, 
Metchnikoff,  Castellani,  and  others. 

5.  Bacterial  Infection  caused  by  the  'Pa.THsite.—Tnchuris.tnchiura 
may  be  a  harmless  parasite  in  itself,  but  it  is  quite  capable  of  intro- 
ducing bacteria  into  the  mucosa  of  the  vermiform  appendix  and 
causing  appendicitis,  for,  as  is  well  known,  it  burrows  in  the  mucosa. 
The  fever  so  often  found  in  patients  suffering  from  agchylostomiasis 
is  probably  caused  by  intestinal  bacteria  entering  the  small  wound 
produced  by  the  agchylostome. 

This  method  of  producing  ill  effects  upon  the  host  appears  to  us 
to  be  of  the  greatest  importance  in  the  tropics,  and  is,  we  fear,  often 
overlooked. 

6.  Migration  of  the  Parasite  in  the  Body. — ^The  larvas  of  Agchylo- 
stoma  as  they  enter  the  skin  cause  a  dermatitis  known  as  Cooly  itch, 
sore  feet,  ground  itch,  etc.,  which  may  be  primarily  due  to  the 
irritation  of  the  worm,  or  secondarily  to  bacteria  introduced  into 
the  skin  by  its  agency.  The  wanderings  of  the  larvae  of  Trichinella 
spiralis  through  the  body  cause  the  severe  symptoms  of  trichiniasis. 

Sambon  has  pointed  out  that  much  that  is  obscure  in  the  patho- 
genesis of  various  forms  of  helminthiasis  might  be  elucidated  by  a 
better  knowledge  of  the  migrations  of  the  entozoa  in  their  immature 
stages  from  the  time  they  attack  the  host  to  that  of  their  settlement 
in  their  selective  anatomical  habitat.  He  believes  that  many  forms 
do  not  go  directly  to  the  part  in  which  they  are  usually  found,  but 
may  take  a  very  different  route  from  that  generally  accepted,  and 
may  even  live  for  a  length  of  time  in  other  structures  before  reaching 
such  organs  as  the  alimentary  canal  or  nasal  fossae,  which  are  only 
sought  in  order  to  enable  the  young  to  escape  from  the  host.  During 
these  wanderings  mechanical  injury  may  be  caused  to  the  host,  and 
pathogenic  micro-organisms  may  be  carried  from  one  part  of  the 
body  to  another. 

7.  The  Absorption  of  Food. — Leuckart  estimates  that  a  Dibothrio- 
cephalus  latus  gives  off  in  a  year  proglottides  to  the  weight  of 
140  grammes ;  Tcenia  saginata,  550  grammes  ;  and  Ascaris 
lumbricoides,  42  grammes  of  eggs  in  the  same  period. 

If  the  number  of  these  parasites  is  great,  the  drain  on  the  host 
must  be  considerable,  especially  in  children  who  need  food  for  growth. 

8.  Toxins. — ^This  subject  has  already  been  dealt  with. 

9.  The  Condition  of  the  Host. — The  condition  of  the  host  is  also  a 
factor  in  the  diseases  produced  by  these  parasites,  for  though 
Ascarides  may  be  harmless  in  a  healthy  intestine,  they  may  per- 
forate a  typhoid  or  dysenteric  ulcer,  or  a  traumatic  lesion  of  the 
bowel,  and  cause  fatal  peritonitis. 
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With  regard  to  the  question  as  to  whether  parasites  ever  benefit 
human  beings,  reference  can  be  made  to  the  behef  that  the  develop- 
ment of  the  Bacillus  tuberculosis  Koch  is  delayed  by  the  presence  of 
entozoa  in  the  bowels,  a  view  which,  with  our  Eastern  experience, 
we  are  unable  to  support. 

The  old  idea  that  worms  were  good  for  children  has  died  out  long 
ago,  and  we  know  of  no  cases  of  mutualism,  or  benefit  to  parasite 
and  host,  in  the  animal  parasites  of  man. 

Entamceha  coli  and  E.  tropicalis  apparently  do  no  harm  to  man, 
so  that  these  may  be  taken  as  examples  of  commensalism  in  man, 
or  the  benefit  of  the  messmate  without  injury  to  the  host.  According 
to  some  authors,  with  whom  we  do  not  agree,  E.  coli  is  not  only 
harmless,  but  useful,  being  capable  of  engulfing  and  destroying 
bacteria. 

True  parasitism  is  found  in  those  cases  in  which  the  parasite 
benefits  and  the  host  is  injured.  Chance  parasites  are  animals 
which  accidentally  and  temporarily  become  parasites. 

The  life-history  of  a  parasite  may  be  simple,  being  carried  out  in 
one  host,  or  it  may  be  complex,  with  one  or  more  hosts  for  its  larval 
stages  and  another  for  its  adult  condition. 

Generally  these  hosts  bear  a  direct  relationship  to  one  another, 
the  intermediary  host  often  being  herbivorous,  and  thus  becoming 
infected  through  eating  fffically  contaminated  food,  and  the  definitive 
host  being  carnivorous  or  omnivorous,  becoming  infected  through 
eating  the  herbivorous  host  of  the  larva. 

Some  parasites,  particularly  the  Microfilariae,  show  a  remarkable 
periodicity  in  their  habits,  which  appears  to  be  associated  with  the 
means  of  escape  from  the  definitive  host  by  some  intermediary  host 
such  as  a  mosquito  or  a  tick,  whose  habits  agree  with  the  periodicity 
of  the  parasite.  Such  correlations  are  very  numerous  in  Nature — as, 
for  example,  the  opening  or  emitting  of  strong  odours  by  certain 
flowers  at  definite  times  of  the  day  or  night,  which  accords  with  the 
habits  of  insects  which  help  on  their  fertilization. 

Tropical  countries  are  the  home  par  excellence  for  parasites,  as 
the  means  of  infection  by  bad  sanitation,  biting  flies,  etc.,  are  easily 
available.  It  is  therefore  obvious  that,  as  there  may  be  many 
methods  of  infection  by  the  mouth,  the  skin,  and  the  nose,  preven- 
tion is  not  an  easy  matter.  It  depends  upon  two  factors — personal 
and  public  hygiene.  The  question  of  personal  hygiene  is  the  more 
important  and  more  easily  applied  as  only  one  person  is  concerned, 
while  that  of  pubhc  hygiene  is  more  expensive  and  not  so  easy  to 
apply,  as  many  people  have  to  act  in  unison  in  order  to  produce  any 
effect. 

Personal  hygiene  includes  such  matters  as  personal  and  domestic 
cleanliness ;  protection  of  the  skin  against  infection  by  the  use  of 
mosquito  curtains  and  boots;  avoidance  of  infection  from  domestic 
pets,  such  as  dogs  and  cats,  by  not  too  close  association  with  them ; 
the  protection  of  articles  of  food  against  flies  and  vermin,  and  the 
careful  cooking  of  food  and  filtering  of  water. 
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With  regard  to  public  rules,  the  first  is  the  proper  disposal  of 
waste,  particularly  of  faecal  matter;  careful  cattle  and  meat  inspection 
in  well-kept  slaughter-houses ;  and  the  destruction  of  ownerless  dogs 
by  means  of  a  lethal  chamber,  in  which  they  are  killed  by  gas. 

Classification. — The  metazoan  parasites  of  man  can  be  arranged 
into  phyla  as  follows  : 

Phylum     I.  Platyhelmia. 

Phylum    II.  Nemathelminthes. 

Phylum  III.  Annulata. 

Phylum  IV.  Arthropoda. 

PHYLUM  I.  PLATYHELMIA  Lankester  1890. 

Synonyms. — Platyhelmia  Vogt  185 1,  Platodes  Leuckart  1854, 
Platyhelminthes  Gegenbaur  1859,  Platyhelminthes  Minot  1877. 

Platyhelmia  are  bilaterally  symmetrical  Metazoa,  with  dorso- 
ventraily  flattened  bodies,  and  without  a  true  coelom. 

The  Platyhelmia  are  flat  worms,  with  an  oval  or  tape-like  body, 
which  is  either  covered  by  a  ciliated  epithelium,  as  in  the  free- 
living  Turbellaria,  or  with  a  cuticle  under  which  the  surface  epi- 
thelium has  sunk  into  the  parenchyma,  forming  the  so-called  sub- 
cuticular layer  in  the  parasitic  Trematoda  and  Cestoda.  A  well- 
developed  musculo-dermal  layer  is  present,  but  there  is  no  coelom. 

The  mouth  is  generally  situated  at  the  anterior  end,  when  present, 
but  it  may  be  moved  to  the  inferior  surface,  and  opens,  via  a 
pharynx,  into  a  forked  or  branched  gut,  which  has  no  anal  aperture. 
The  alimentary  canal  may,  however,  be  wanting  (Cestoda).  The 
excretory  system  begins  in  the  so-called  flame  cells — i.e.,  cells 
provided[  with  a  leash  of  ciUa  from  which  fine  channels  run,  uniting 
together  to  form  larger  channels,  which  ultimately  empty  into  a 
pair  of  laterally  placed  canals,  which  open  to  the  exterior  separatefy 
or  together,  often  through  an  excretory  vesicle. 

The  nervous  system  consists  of  a  large,  bi-lobed,  cerebral 
ganglion,  with  nerves  running  forwards  and  backwards. 

The  Platyhelmia  are  mostly  hermaphrodite,  but  may  be  uni- 
sexual ;  the  ova  are  produced  in  the  ovary,  near  which  they  are 
fertilized,  and  then,  after  receiving  food-yolk  from  the  yolk  reservoir, 
which  has  received  it  vik  the  vitelline  ducts  from  the  yolk  glands, 
they  obtain  a  shell  from  a  shell  gland,  and  then  enter  a  uterus,  in 
which  they  lie  until  passed  to  the  exterior. 

The  male  organs  consist  of  testes,  vas  deferens,  vesiculae  seminales, 
and  a  cirrus,  with  a  cirrus  pouch  and  a  so-called  prostate  gland. 

The  Platyhelmia  are  classified  into  : 

Class  I.  Turbellaria. — Free-living  flat-worms. 

Class  II.  Trematoda. — Parasitic  flat-worms  with  an  alimentary 
canal. 

Class  III.  Cestoidea. — Parasitic  flat-worms  without  an  alimentary 
canal. 

Class  I.  does  not  enter  into  the  subject  under  discussion. 
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CLASS  II.  TREMATODA  Rudolphi  1808. 

The  Trematoda  are  parasitic  Platyhelmia,  which  retain  the  mouth 
and  alimentary  canal,  but  in  which  the  epidermis  not  merely  loses 
its  cilia  during  development,  but  is  sunk  into  the  mesoblast  after 
secreting  the  chitinous  cuticle.  Suckers  are  developed  in  the  region 
of  the  mouth,  and  also  on  the  ventral  surface. 

The  knowledge  of  the  Trematoda  began  in  1379,  when  Jehan  de 
Brie  discovered  the  Uver-fluke  in  the  sheep,  which  was  subsequently 
described  by  Gabucinus  in  1547 ;  but  it  was  not  till  the  time  of 
0.  F.  Miiller,  in  1777,  that  any  accurate  idea  of  their  form  was 
obtained.  Zeder  in  1800  made  the  first  attempt  to  classify  parasitic 
worms  calUng  the  Trematodes  '  sucking-worms ' ;  while  in  1808 
Rudolphi  invented  the  name  of  the  class,  deriving  it  from  the  Greek 
TpijjuaTwSjjs,  which  means  'pierced  by  holes.'  After  this  date  come 
many  observers,  among  whom  may  be  mentioned  Laurer  (whose 
canal  still  bears  his  name)  in  1830,  van  Beneden  in  1858,  and 
Leuckart  in  1867  (who  divided  them  into  Distomea  and  Poly- 
stomea),  and  Thomas  in  1883,  who  worked  out  the  development  of 
Fasciola  hepatica.  In  1892  Monticelli  revived  an  older  classification 
of  the  group  by  Burmeister  into  three  orders. 

At  the  present  time  the  great  worker  in  this  field  of  research  is 
Looss,  of  the  Medical  School  of  Cairo. 

Morphology. — In  shape  the  Trematoda  are  generally  leaf-like  or  tongue- 
shaped,  and  but  rarely  cyUndrical.  They  are  provided  with  a  cuticle,  which 
may  have  soine-like  scales,  and  with  one  or  two  suckers,  oral  and  ventral 


Fig.  129. — Diagram  of  a  Type  of  the 
Female  Generative  Apparatus 
OF  a  Trematode. 

(After  Stiles.) 

I,  Ovary;  2,  uterus;  3,  shell-gland; 
4,  ootype  ;  5,  ovarian  duct ;  6, 
Laurer's  canal ;  7,  Vitellarian  duct. 


Fig.  130. — Diagram  OF  Another 
Type  of  the  Female 
Generative  Apparatus  of  a 
Trematode. 

I ,  Ovary ;  2,  ovarian  duct ;  3,  shell- 

'  gland;   4,    ootype;    5,   uterus; 

6,  Laurer's  canal ;  7,  Vitella,rian 

duct ;  8,  receptaculum  seminis. 


(often  called  the  '  acetabulum  '  ,  which  are  capable  o  ^^^t^^  g^^^^'lf  ^^ 
the  action  of  their  equatorial,  meridional,  and  ^^adial  muscular  fibres  to  the 
lining  of  the  alimentary  canal,  or  such  other  organ  as  they  may  mhabit. 
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The  mouth  lies  in  the  oral  sucker,  and  leads  to  a  pharynx,  which  maj 
may  not  have  lateral  pouches.  The  oesophagus  may  be  short  or  long,  witl 
without  a  sphincter  muscle,  and  is  often  provided  with  unicellular  saliv 
glands.  The  intestinal  tubules,  which  may  be  branched  or  simple,  > 
blindly,  there  being  no  anal  aperture.  The  food  is  composed  of  epithe 
cells  and  blood.  i 

The  excretory  system  is  well  developed,  commencing  in  special  cells  f 
vided  with  cilia  (flame  cells),  which  communicate  with  excretory  capillar 
These  open  into  canals,  which  anastomose  freely,  and  then  join  the  gather 
tubes,  which  open  into  an  excretory  vesicle.  This  vesicle,  which  may  be  1( 
or  short  or  Y-shaped,  generally  opens  posteriorly  into  the  foramen  caudi 
but  may  open  dorsally  in  front  of  the  acetabulum. 

The  sexes  are  but  rarely  separate,  hermaphroditism  being  usual.  ' 
male  organs  consist  of  testes,  which  may  be  simple  or  branched,  and  e 
as  a,  rule,  situated  posteriorly.  The  vas  deferens  leads  forwards  sometii 
through  a  vesicula  seminalis  to  the  genital  opening,  below  which  a  cir 
enclosed  in  a  muscular  pouch  provided  with  glands,  called  the  '  prosta 
may  be  found. 

The  female  organs  consist  of  an  ovary,  which  may  be  branched  and 
usually  situated  in  front  of  the  testes,  and  an  ovarian  duct,  which  joins  w 
the  vitellarian  duct  from  the  yolk  glands,  making  a  tube,  called  the  '  ootyj 
surrounded  by  the  shell  gland,  in  which  the  egg  is  formed  (Fig.  129). 

A  curious  little  canal,  Laurer's  canal,  joins  by  its  inner  aperture 
ootypc  near  the  uterine  tube,  while  its  outer  aperture  is  found  on  the  doi 
surface.  The  homology  of  this  little  canal  is  not  quite  clear  ;  it  may  b 
vagina.  Sometimes  a  receptaculum  seminis  is  present.  The  ootype  opi 
into  the  uterine  tube,  which  is  usually  much  coiled,  and  has  its  antei 
portion  thickened  to  form  the  metatrema  or  vulva,  which  opens  into  1 
genital  orifice  (Fig.  130). 

The  genital  pore  varies  in  position,  being  situated  in  the  mid-line  in  fr< 
of  or  behind  the  ventral  sucker  as  a  rule.  Rarely  it  opens  rather  lateral 
and  has  a  muscular  depression  of  its  own. 

Lite-History. — ^The    full    life-history  has    been  worked  out 
Thomas  for  Fasciola  hepatica,  under  which  heading  details  will 
given^  and  by  Looss  for  Paramphistomum  cervi.     Some  other  U 
histories  Eire  also  known,  but  do  not  concern  us. 

Typically  there  is  an  alternation  of  generations  where  one  sext 
generation  is  followed  by  two  asexual  generations.  Usually  ti 
hosts  are  required,  but  perhaps  one  may  be  sufficient  in  certc 
circumstances,  for  the  whole  life  cycle. 

Habitat. — ^These  parasites  are  found  in  all  classes  of  the  ven 
brates,  and  may  occur  in  any  of  the  organs,  but  the  most  comm 
in  man  are  in  the  urinary  bladder,  the  intestinal  tract,  the  lunj 
and  the  liver.  It  is  important  to  remember  that  the  adi 
parasites  may  live  in  domestic  animals,  especially  in  cats,  aj 
that  they  may  affect  horses  and  cattle.  Further,  the  encystme 
on  grass,  water- weeds,  etc.,  must  be  borne  in  mind,  and  the  fa 
that  the  miracidium  swims  about  in  water,  and  may  perhaps  pier 
the  skin  of  a  human  being  bathing  therein,  though  this  last  methi 
has  never,  so  far,  been  definitely  proved. 

Pathogenesis. — Apparently  the  smaller  forms  can  live  in  hum 
beings  without  being  suspected,  but  irritation  of  the  bladder,  liv( 
intestine,  and  lungs  may  result  either  as  the  effect  of  the  eggs  or 
the  parasite.  Then,  again,  they  may  pass  into  the  blood-stream  ai 
infect  the  whole  body. 
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Diagnosis. — ^The  systematic  examination  of  the  fffices  by  the 
microscope,  especially  in  cases  of  diarrhoea,  is  the  only  certain  method 
of  diagnosis. 

Treatment. — ^The  treatment  of  infections  by  these  animals  may 
be  said  to  be  useless.  The  intestinal  ones  might  be  tried  to  be 
killed  or  expelled  by  chloroform  mixed  with  eucalyptol,  as  described 
in  the  chapter  on  Agchylostomiasis,  or  by  extract  of  male  fern. 

Prophylaxis. — We  do  not  know  enough  about  the  life -cycle  to 
lay  down  general  rules  about  prophylaxis,  but  it  will  be  obvious 
that  the  cat,  the  dog,  the  horse,  and  cattle,  are  indirect  sources 
of  infection,  while  green  vegetables,  particularly  those  not  cooked, 
must  be  regarded  with  suspicion,  and  so  must  that  delicacy,  the 
edible  snail,  which  may  not  be  properly  cooked. 

The  classification  of  the  Trematoda  is  as  follows  : 

ORDER  I.  HETEROCOTYLEA  Monticelli. 

Synonyms. — Polystomea  Leuckart,  Pectobothrii  Burmeister,  and 
Monogenea  van  Beneden. 

Trematodes,  generally  ectoparasitic,  but  may  be  endoparasitic 
in  amphibia  and  tortoises. 

ORDER  II.  ASPIDOCOTYLEA  Monticelli. 

Synonym. — A  spidobothrii  Burmeister. 

Lowly  organized  endoparasitic  trematodes,  with  one  large  sucker 
occupying  the  whole  ventral  surface,  found  in  tortoises,  marine 
fish,  and  shellfish. 

ORDER  III.  MALACOCOTYLEA  Monticelli. 

Synonyms. — Distomea  Leuckart,  Malacohothrii  Burmeister,  and 
Digenea  van  Beneden. 

Typical  endoparasitic  trematodes,  with  never  more  than  two 
sucking  discs,  oral  and  ventral,  and  a  Laurer's  canal. 

The  Malacocotylea  include  all  the  human  trematode  parasites, 
and  are  subdivided  into  groups  : 

Division  A.  Metastatica  Leuckart.  —  Development  without 
alternation  of  generations. 

Division  B.  Digenea  Leuckart. — Development  with  alternation 
of  generations.     The  Digenea  contain  the  human  parasites. 

Family  i.  Paramphistomidce. — Digenea  with  ventral  sucker  at 
the  posterior  end,  opening  of  the  excretory  apparatus  on  the  dorsal 
surface.     Hermaphrodites. 

Family  2.  Fasciolidcs. — Digenea  with  oral  and  ventral  suckers ; 
excretory  pore  at  the  posterior  border.     Hermaphrodites. 

Family  3.  Monostomida. — Digenea  with  only  an  oral  sucker. 
Ventral  sucker  absent. 

Family  4.  Schistosomidce. — Digenea  reseinbling  the  Fasciolidae, 
but  with  separate  sexes. 
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The  parasites  known  in  man  may  be  summarized  as  follows  : 


a    . 
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Family. 

/  Paramphistomidae 


Fasciolidae 


Monostomidae 
\,  SchistosomidEe 


Genus. 
I  Gastrodiscus 
(^  Cladorchis 

/■  Fasciola     .  . 

Fascioletta 
Agamodistomum 

Fasciolopsis 
Opisthorchis 

Clonorchis 

Metorchis 
Paragonimus 
Heterophyes 
V  DicroccElium 

Monostomulum 

Schistosoma 


I. 

2. 

■it 

S- 
6. 

.(I: 

I    9. 

,-IO. 

1 1 1. 

(-12. 
.13. 
14. 
■  15- 
.  i6. 
17. 
.    18. 


Species. 

G.  hominis  L.  and  Mo 
C.  watsoni  Conynghai 
F.  hepatica  L. 
F.  gigantica  Cobbold. 
F.  Uocana  Garrison. 
A.  ophthalmobium  Di« 
F.  buski  Lankester. 
F.  fiillebomii  Rodenwa 
F.  (?)  Heanley. 
O.  felineus  Rivolta. 
O.  noverca  Braun. 
C.  sinensis  Cobb. 
C.  endemicus  Baelz. 

C.  (?)  Loess. 

M.  truncatus  Rudolph 
P.  westermani  Kerber 
H.  heterophyes  Von  Si 

D.  lanceatum     Stil    i 
Hass. 

M.  lentis  Gesch. 
S.  haematobium  Bilh. 
S.  mansoni  Sambon. 
S.  japonicum  Kats. 


Family  I.  PARAMPHisTOMiDiE  Fischoeder  1903. 

Digenea  with  ventral  sucker  at  the  posterior  end  of  the  body,  a 
with  the  excretory  pore  on  the  dorsal  surface.     Hermaphrodites 

This  family,  which  used  to  be  called  the  Amphistomidae,  und 
went  a  thorough  revision  in  1903  at  the  hands  of  Fischoeder.  wh 
article  should  be  consulted  if  detailed  information  is  desired. 

He  classifies  the  family  as  follows  : 

Subfamily  I.  Paramphistomin.*;. 

Genera. — (i)  Paramphistomum  ;  (2)  Stephanopharynx ;  (3)  Gas\ 
thylax. 

Subfamily  H.  Cladorchin^. 

Genera.— (4)    Cladorchis  ;   (5)    Chiorchis ;    (6)    Gastrodiscus  ; 
Homologasfer ;  (8)  Balanorchis. 

The  only  known  human  parasites  come  under  the  genera  Claa 
chis  and  Gastrodiscus. 


Subfamily  II.  Cladorchin^  Fischoeder  1903. 

Paramphistomidae,  with  a  pharyngeal  sac,  ramified  testes  £ 
a  cirrus  sac.  Body  dorso-ventrally  flattened,  with  the  acetabul' 
usually  situated  ventrally,  rarely  posteriorly. 

Habitat. — Ahmentary  canal  of  mammals. 

Genus. — Cladorchis. 
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Cladorchis  Fischoeder  igoi. 

Cladorchinse  with  body  not  divided  into  anterior  and  posterior 
portions,  and  having  the  lateral  edges  round  and  the  ventral  surface 
slightly  hollowed.  Pharynx  spherical  with  lateral  diverticula, 
oesophagus  with  a  circular  sphincter  muscle.  Oral  sucker  not  well 
marked.  Ventral  sucker  large  with  small  opening.  Ventral  surface 
wrinkled. 

Cladorchis  watsoni  Conyngham  1904. 

Synonyms. — Amphistomum  watsoni  Conyngham  1904,  Param- 
phisiomum  watsoni  Conyngham  1904. 

'  History. — Cladorchis  watsoni  was  first  discovered  in  the  duo- 
denum and  upper  part  of  the 
jejunum  of  a  negro  who  had  come 
from  Adamawa,  in  German  West 
Africa,  to  Northern  Nigeria.  Since 
its  discovery  it  has  been  reported  as 
common  near  Lake  Chad.  It  was 
first  described  by  Conyngham,  and 
later  in  detail  by  Shipley. 

Morphology. — The  parasite  is  reddish- 
yellow  when  fresh,  8  to  lo  millimetres  in 
length  by  4  to  5  milUmetres  in  breadth. 
In  shape  it  is  oval.  The  ventral  sucker 
is  large  and  situated  posteriorly,  while 
the  oral  sucker  is  so  small  as  to  be  hardly 
worthy  of  being  considered  a  true  sucker. 
The  pharynx  is  spherical,  with  two 
lateral  diverticula,  called  the  '  pharyn- 
geal pouches.'  The  oesophagus  divides 
into  two  intestinal  caeca  about  the  level 
of  the  junction  of  the  anterior  third  with 
the  posterior  two-thirds  of  the  body,  and 
is  here  surrounded  by  a  sphincter  muscle. 
The  excretory  pore  opens  in  the  middle 
line  dorsal  to  the  posterior  sucker.  The 
excretory  vesicle  is  capacious,  and  lies 
over  that  sucker.  The  genital  papilla  is 
situated  in  the  mid-ventral  line,  about 
the  junction  of  the  anterior  quarter  with 
the  posterior  three-quarters  of  the  body, 
and  on  it  open  the  canal  of  the  cirrus  and 
the  metatrema.      The  testes  are  deeply 

lobulated.     The  vas  deferens  runs  into  a  vesicula  seminalis,  which  opens  into 
the  cirrus  canal. 

The  ovary  lies  close  behind  the  testes,  and  rather  to  the  right  of  the  body. 

■  The   ovarian   duct  curves  backwards,  and  is    almost    at    once   surrounded 

by  the  shell  gland,  when  it  may  be  called   the  '  ootype,'  which  just  behind 

the  shell  gland  receives  the  vitellarian  duct  and  the  inner  end  of  Laurer's 

canal. 

The  uterus,  full  of  eggs,  coils  over  the  testes  and  runs  as  far  forwards  as 
their  anterior  border,  where  it  becomes  thick  and  muscular,  and  is  called  the 
'  metatrema.'     The  eggs  are  large  (122  /j.  in  length  by  80  /j.  in  breadth). 

23 


Fig.  131. — Cladorchis  WATSONI. 

(After  Shipley.) 

a,  Schematic  ;  b,.  natural  size. 
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Life-History.— The  life  cycle  is  not  known,  but  it  is  believed  tl 
the  usual  host  is  a  herbivorous  animal.  It  is  said  to  be  especia 
common  in  children. 

Pathogenesis. — It  may  perhaps  cause  diarrhoea  and  anasmia. 
post-mortem  showed  the  mucosa  slightly  congested. 

Diagnosis. — By  recognition  of  the  trematodes  in  the  faeces. 

Treatment.— The  eucalyptus  and  chloroform  mixture  advised 
agchylostomiasis. 

Gastrodiscus  Leuckart  1877. 

Clonorchinse  with  bodies  slender  anteriorly  and  broadened  p 
teriorly  into  a  large  concave  disc,  at  whose  posterior  border  the  sm 
ventral  sucker  lies.  The  pharynx  has  two  pouches,  like  diverticu 
Common  in  the  Equidae  in  Egypt  and  India.  The  horse  species 
known  in  Senegal  and  Guadeloupe.  The  parasites  so  commoi 
met  with  in  Bos  indicus  in  Ceylofi  are  Paramphistomidse,  and  that 
Bos  buhalus  is  Gastrothylax  cruminifer  Crepl. 

Gastrodiscus  hominis  Lewis  and  McConnell  1876. 

Synonym. — Amphistomum  hominis  Lewis  and  McConnell. 

History. — It  was  first  described  in  1876  by  Lewis  and  McConnt 
who  found  it  in  hundreds  attached  by  its  posterior  sucker  to  t 
mucosa  of  the  caecum,  vermiform  appendix,  and  ascending  colon 
an  Assamese.  Since  then  it  has  been  twice  reported  in  natives 
India,  and  perhaps  it  may  be  common.  We  have  not  met  with 
in  Ceylon,  though  there  was  a  small  jar  in  the  Medical  CoUe 
Museum  labelled  Amphistomum  hominis,  but  without  a  histo: 
The  common  belief  is  that  it  exists  in  the  horse,  and  finds  its  w 
into  man  from  this  animal. 

Morphology. — ^The  parasite  is  reddish -coloured,  8  to  10  millimetres  in  lenj 
and  4  to  5  millimetres  in  greatest  breadth,  tapering  to  2-5  millimetres  in  fro 
The  thickness  is  about  4  millimetres.  The  posterior  end  of  the  body  prese: 
a  large  disc,  on  the  hinder  border  of  which  hes  the  acetabulum.  The  resi 
the  body  is  thin,  tapering  to  the  mouth.  The  genital  pore  is  at  a  level  w 
the  bifurcation  of  the  intestine.  The  testes  are  double,  with  a  sinuous  i 
deferens.  The  uterus  and  the  yolk  glands  are  situated  laterally.  The  e| 
are  oval,  0'i5  millimetre  in  length  and  O'ojz  millimetre  in  breadth. 

Pathogenesis.—  It  is  not  known  whether  these  parasites  can 
any  disease. 

Family  II.  Fasciolid^  RaUliet. 

Hermaphrodite  Digenea  with  oral  and  ventral  (acetabului 
suckers.  The  excretory  pore  is  on  the  posterior  border  (foram 
caudale). 

The  FasciolidsE  contain  a  number  of  genera,  of  which  species  ha 
been  found  in  man  :  (i)  Fasciola  Linnaeus  1758 ;  (2)  Fasciole, 
Garrison  igo8 ;  (3)  Agamodistomum  Stiles  ;  (4)  Fasciolopsis  Loc 
1898  ;  (5)  Opisthorchis  R.  Blanchard  1845  ;  (6)  Clonorchis  Loc 
1907  ;  {7)  Metorchis ;  (8)  Paragonimus  Braun  1899 ;  (9)  Heteroph') 
Cobbold  1866 ;  (10)  Dicroccelium  Dujardin  1845. 

The  table  on  pp.  356,  357  gives  some  of  the  characters  by  whi 
they  can  be  recognized  : 
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Fasciola  Linnaeus  1758. 

Large  Fasciolidse  with  leaf-like  bodies,  with  the  anterior  end 
shaped  into  a  conical  head  and  with  the  ventral  sucker  situated 
near  the  mouth.     Cuticle  covered  with  spines. 

Fasciola  hepatica  ]l<inn£eus  1758. 

Synonyms. — Distomum  hepaticum  Retz  1786,  Fasciola  humana  Gmel  1789, 
jD.  cavicB  Sons  1890,  Cladoccelium  hepaticum  Stoss  1892. 

History. — Fasciola  hepatica,  the  liver-fluke,  is  a  parasite  of  slieep,  oxen, 
goats,  horses,  and  many  other  herbivorous  animals  in  Europe,  North  Africa, 
North  and  South  America,  Australia,  Tasmania,  Japan,  China,  Burmah,  and 
India.     It  is  said  to  be  extremely  common  in  Burmah  and  Egypt. 

It  has  been  found  in  man  several  times,  and  apparently  usually  in  the 
liver,  but  it  has  been  recorded  in  the  bloodvessels,  in  a  swelling  on  the  sole 
of  the  foot,  in  abscesses  about  the  head,  and  in  a  swelling  in  the  right  hypo- 
chondriac region.  It  is  probable  that  Distomum  oculi  humani  Ammon  1833 
and  Monostomum  lentis  Von  Nordmann  1832  may  have  been  young  liver- 
flukes. 

Morphology. — Fasciola '  hepatica  is  a  flat,  oval  animal,  with  an  anterior 
triangular  projection.  Length,  20  to  30  millimetres ;  breadth,  8  to  1 3^millimetres. 
The  cuticle  is  covered  with  minute  pointed  scales  directed  backwards.  There 
are  two  suckers — an  oral,  which  is  situated  at  the  anterior  end  of  the  animal, 
and  surrounds  the  mouth  opening,  and  a  ventral,  the  acetabulum,  which  is 
a  muscular  cup,  situated  in  the  median  line  near  the  junction  Of  the  anterior 
projection  with  the  rest  of  the  body.     The  mouth  leads  into  a  muscular 


Fig.  132. — Egg  of  Fasciola 
hepatica. 

(After  Thomas,  from  the  Quarterly 
Journal  of  Microscopical  Science.) 


Fig.   133. — ^The  Miracidium 
OF  Fasciola  hepatica. 

(After  Thomas,  from  the  Quarterly 
Journal  of  Microscopical  Science.) 


pharynx,  which  passes  via  a  short  oesophagus  into  the  intestine,  which  divides 
fust  m  front  of  the  genital  aperture  into  two  tubes  runnmg  to  the  posterior 
end  of  the  body,  giving  off  numerous  branched  casca.  •     ,  i,. 

The  excretory  system  starts  with  dilated  tubules,  mto  which  project  the 
cilia  of  the  so-called  flame  cells.  The  ducts,  which  freely  anastomose,  open 
into  a  main  duct,  which  runs  directly  backwards  to  open  at  a  median  pore 
at  the  posterior  end  of  the  body. 
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Genera. 

Size  and 
Shape. 

Anterior 
End. 
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The  two  testes  are  much-branched  tubes,  lying  in  the  middle  of  the  bo 
of  equal  size,  one  lying  in  front  of  the  other  ;  from  each  a  vas  deferens  r' 
as  far  as  the  ventral  sucker,  where  it  opens  into  an  elongated  sac,  the  vesici; 
seminalis,  from  which  the  ductus  ejaculatorius  runs  to  the  end  of  a  la 
muscular  organ,  called  the  cirrus,  which  lies  in  a  sac  situate  ]ust  m  froni 
the  ventral  sucker.  The  genital  opening  through  which  the  cirrus  can 
protruded  is  situated  between  the  two  suckers  on  the  ventral  surface. 

The  branched  and  tubular  ovary  Ues  on  the  right,  in  front  of  the  antei 
testes.     The  ovarian  duct  runs  backwards  to  join  the  middle  hue  with 
median  vitellarian  duct  from  the  yolk  reservoir,  into  which  open  the  vr 
larian  ducts  from  the  large  branched  yolk  glands  lying  on  either  side  of 
body,  from  the  level  of  the  ventral  sucker  to  the  posterior  extremity. 

The  junction  of  these  two  ducts  is  surrounded  by  the  shell  gland,  and  for 
a  much-convoluted  tube,  the  uterus,  which  is  joined  close  to  its  commen 
ment  by  a  little  tube,  Laurer's  canal,  opening  on  to  the  dorsal  surface.     1 
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Fig.   134. — The  Larva  of 
Fasciola  hepatica. 

(After  Thomas,  from  the  Quarterly 
Journal  of  Microscopical  Science.) 


Fig.  135. — The  Sporocyst  oi 
Fasciola  hepatica. 

(After  Thomas,  from  the  Quartt 
Journal  of  Microscopical  Scieni 


uterus,  which  is  generally  full  of  eggs,  opens  on  the  left  side  of  the  base 
the  cirrus. 

The  nervous  system  consists  of  a  nerve  collar  around  the  pharynx,  fr 
which  two  nerve  cords  run  backwards  along  the  sides  of  the  body. 

Lite-History.^ — The  ovum  starts  from  the  ovary  and  travels  along 
ovarian  duct,  where  it  is  fertilized,  after  which  it  is  surrounded  by  a  la 
number  of  yolk  cells,  and  then  by  a  shell  formed  from  the  secretion  of 
shell  gland.  The  egg  now  passes  forwards  into  the  uterus,  and  is  evider 
deposited  in  the  bile-passages  and  escapes  in  the  faeces.  It  is  oval,  yellowi 
brown,  with  a  cap-like  lid  0'i3  to  0'I45  millimetre  in  length  by  O'O/  to  c 
millimetre  in  breadth,  and  is  seen  to  enclose  a  mass  of  yolk  cells  with  ( 
ovum,  which  now  segments  and  grows,  using  up  the  yolk  cells,  formin] 
young  form,  called  a  '  miracidium,'  0'i3  by  0-027  millimetre,  which 
a  few  weeks  escapes  by  the  opercular  opening  if  the  egg  is  in  water,  a 
being  ciliated,  swims  about  as  a  conical  larva,  with  a  little  anterior  pap 
and  two  eye-spots.  It  has  a  cuticular  epithelium,  under  which  are  musci 
layers,  and  contains  a  simple  sac,  like  an  alimentary  canal,  a  cerebral  g 
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glion,  and  an  excretory  system.     There  is  a  segmentation  cavity  (forming 
body  cavity)  between  the  alimentary  canal  and  the  body-wall. 

It  now  bores  its  way  into  the  pulmonary  cavity  of  some  snail  by  meai 
of  its  anterior  papilla  ;  otherwise  it  dies  in  about  eight  hours.  Tl 
varieties  of  snail  hosts  are  :  Linncsus  truncatulus  Miill,  in  Europe,  Asii 
Africa ;  L.  oahuensis  in  the  Sandwich  Islands  ;  L.  viator  Orb  in  Sout 
America  ;  L.  humilis  Say  in  North  America,  in  which  it  loses  all  ii 
organs,  and  increases  in  size  rapidly,  while  cells  grow  from  the  wall  into  tt 
primary  body  cavity,  so  that  a  cyst  is  formed,  called  the  '  sporocyst.'  Th 
has  an  external  cuticle,  a  thin  muscular  layer,  and  an  epithelial  lined  cavit; 
containing  collections  of  cells,  which  develop  into  cylindrical  forms,  possesi 
ing  a  simple,  short,  tube-like  alimentary  canal,  with  a  pharynx,  glands,  an 
intestine,  and  a  genital  pore  near  the  anterior  end.  These  forms,  which  ai 
called  RedicB,  after  the  celebrated  biologist  Redi,  force  their  way  out  of  tl 


Fig.  136. — The  Redia  of 
Fasciola  hepatica. 

(After  Thomas,  from  the  Quarterly 
Journal  of  Microscopical  Science.) 


Fig.   137. — The  Cercaria 
OF  Fasciola  hepatica.       \-  ', 

(After  Thomas,  from  the  Quarterly 
Journal  of  Microscopical  Science.) 


sporocyst  by  making  a  wound,  which  heals  readily,  and  then  wander  aboi 
the  snail,  being  especially  abundant  in  the  liver.  When  fully  formed  the 
have  a  ridge  running  round  the  anterior  end,  and  a  pair  of  blunt  processc 
for  locomotion  posteriorly. 

Inside  the  Rediis  cells  bud  off  from  the  body-wall  and  form  the  Cercaric 
which  are  not  unlike  a  young  Fasciola  with  a  tail. 

The  CercaricB  possess  cutaneous  glands  for  the  purpose  of  secreting  i\ 
cyst-wall  of  the  next  stage.  They  escape  from  the  RedicB  by  means  of  tl 
genital  pore,  and,  leaving  the  snail,  swim  about  in  the  water  for  some  timi 
finally  becoming  encysted  on  grass  or  water -weeds,  and  are  then  eaten  b 
sheep,  inside  which  they  escape  from  the  cyst,  and,  working  their  way  alor 
the  bile-ducts,  develop  in  six  weeks  into  sexually  mature  flukes. 

Habitat. — The  liver-fluke  usually  lives  in  the  sheep,  in  which  it  causes  tl 
disease  called  '  sheep-rot  ';  but  infection  can  spread  to  man  and  cause  diseas 
as  will  be  described  later. 
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Fasciola   gigantica  Cobbold  1856. 

Synonym. — Fasciola  angusta  Railliet  1895,  F.  gigantea  Cobb( 
1858. 

F.  gigantica,  which  is  nearly  allied  to  F.  hepatica,  is  fou 
in  oxen  in  Senegambia,  and  is  believed  to  have  occurred  in 
man,  for  a  parasite  somewhat  resembling  it  was  expelled  from 
lung  during  a  fit  of  coughing  associated  with  haemoptysis,  but  th( 
is  some  doubt  as  to  whether  it  was  not  different  from  Cobbol 
species. 

Its  length  was  26  to  28  millimetres  and  its  breadth  6  to  8  mi 
metres,  but  it  was  contracted.  It  caused  fever,  cough,  and  sli^ 
haemoptysis. 

Fascioletta  Garrison  1908. 

Fasciolidse,  with  small  elongated  bodies,  broader  anteriorly  th 
posteriorly,  without  cuticular  spines,  and  with  large  promine 
acetabulum.  CEsophagus  short,  intestinal  caeca  unbranched.  I 
cretory  vesicle  tubular.  Genital  pores  anterior  to  the  acetabulu 
Testes  compact,  situate  in  the  median  line  one  behind  the  oth 
Cirrus  and  pouch  well  developed.  Ovary  compact;  no  recep 
culum  seminis ;  Laurer's  canal  present.  Yolk  glands  well  develop 
in  the  posterior  fifth  of  the  body ;  well-developed  sheU  gland  a 
uterus,  which  lies  between  the  ovary  behind  and  the  acetabulum 
front.     Ova  large  and  operculated. 

Fascioletta  ilocana  Garrison  1908. 

History. — Fascioletta  ilocana  was  discovered  and  described 
Garrison,  who  in  1907  noticed  peculiar  eggs  in  the  faeces  of  Philippi 
prisoners  in  Bilibid  Prison  in  Manila,  and  subsequently,  after  tre 
ment  with  male-fern,  obtained  a  number  of  small  trematodes. 

Morphology. — Fascioletta  ilocana  is  a  very  small  trematode,  measuring  i. 
6  millimetres  in  length  by  07s  to  1-35  millimetres  in  breadth,  and  0-5  t 
millimetre  in  thickness.  Posteriorly  it  is  attenuated.  The  acetabulun 
about  three  times  the  size  of  the  oral  sucker,  which  is  either  terminal  or  sligh 
ventro-subterminal.  The  prepharynx  is  long,  the  pharynx  globular  • 
oesophagus  short,  bifurcating  just  anterior  to  the  genital  pore  into  the  intesti 
caeca.  The  genital  pores  open  separately  a  little  behind  the  halfway  p( 
between  the  pharynx  and  the  acetabulum. 

The  cirrus  pouch  is  well  developed,  and  contains  posteriorly  the  vesic 
seminalis,  into  which  open  the  vasa  deferentia,  and  which  gives  rise  to 
long  coiled  cirrus.  Each  testis  shows  an  anterior  and  a  posterior  Ic 
The  ovary  is  globular,  the  yolk  glands  well  developed,  and  the  uterus  fa 
developed.     Ova  88-8  to  1147  ij.  long  by  53-5  to  81 -g  a  broad. 

Life-History.— Nothing  is  known  of  the  life-history  beyond 
fact  that  a  miracidium  hatches  in  about  ten  days  after  the  eggs  hi 
left  the  host. 

Habitat.— The  intestine  of  man  in  Luzon,  in  the  Philipp 
Islands. 

Pathogenesis.— It  is  probable  that  the  worm  is  non-pathogenic 
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Agamodistomum  Stiles. 

Agamodistomum  is  an  artificial  collective  group,  designed  to  contaii 
larval  stages  of  Fasciolidaa  which  have  not  developed  far  enough  to  allow  o 
their  being  determined  generically. 

There  is  no  type  species. 

Agamodistomum  ophthalmobium  Diesing  1S50. 

Synonym. — Distomum  oculi  humani  Ammon  1832. 

Ammon  found  four  specimens  of  a  parasite,  0'5  to  I'O  millimetre  in  length 
between  the  capsule  and  the  opaque  lens  of  a  child,  aged  five  months,  i: 
Dresden.  There  were  no  lateral  branches  to  the  intestinal  caeca.  It  i 
possible  that  this  was  really  a  young  F.  hepatica. 

Fasciolopsis  Looss  1898. 

Fasciolidae  without  a  head  cone  and  without  cuticular  scales 
Acetabulum'  prolonged  posteriorly  into  a  pouch  ;  cirrus  pouch  ver; 
long  and  cylindrical ;  intestinal  cseca  ^ 

without  branches. 

Species. — Fasciolopsis  buski  ;  F. 
fulleborni  and  Kwan's  fluke. 

Fasciolopsis  buski  Lankester  1857. 

Synonyms. — Distomum  buski  Lan- 
kester 1857,  D.  crassum  Busk  1859, 
nee  V.  Siebold  1836  ;  Distomum 
rathouisi  Poirier  1887. 

History.  —  Fasciolopsis  buski  is  a 
very  large  trematode,  which  was  first 
discovered  by  Busk  in  the  duodenum 
of  a  Lascar  who  died  in  the  Seamen's 
Hospital  in  1843.  In  1857  it  was 
named  by  Lankester,  and  in  1859 
described  by  Cobbold. 

It  appears  to  be  by  no  means  un- 
common in  man  and  pigs  in  South 
China,  and  is  known  in  Borneo,  the 
Straits  Settlements,  Assam  and  India. 
It  is  the  same  as  F.  rathouisi. 

Morphology. — It  is  a  large,  thick,  brown, 
smooth  trematode,  24  to  70  millimetres 
in  length  and  5-5  to  14  millimetres  m 
breadth.  The  oral  sucker,  and  acetabulum 
are  in  the  proportion  of  0-5  2-0.  The 
pharynx  is  globular  and  there  is  a  pre- 
pharynx.  with  a  sphincter.  The  oesophagus 
is  short,  and  the  intestinal  caeca  are  not 
branched,  and  extend  to  the  posterior 
border.  The  genital  pore  is  situated  an- 
teriorly to  the  acetabulum,  but  the  most  .  ^^■u  +%,„  i^„o+h  of  \ 
remarkable  feature  is  the  very  long  ckrus,  about  °°e-fourth  the  length  of  J 
body.  The  testes  lie  posteriorly,  with  the  ovary  and  the  uterus  m  fro 
The  yolk  glands  are  extensive,  like  in  F.  hepatica. 


Fig.  138. — Fasciolopsis  busi 
(After  Odhner,  from  the  Centr, 
Uatt  fur  Bakteriologie.) 
a,  Schematic  ;  6,  natural  siz( 
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The  eggs  are  O'lz  to  0'i3  millimetre  in  length  and  O'o//  to  o'oS 
breadth. 

Habitat. — The  intestine  of  the  pig  and  man. 
Pathogenesis. — It  is  believed  to  cause  dysenteric  diarrhoea. 

Fasciolopsis  fiilleborni  Rodenwalt  1909. 

This  worm  was  discovered  and  described  by  Rodenwalt  in  ig 
being  found  in  the  motions  of  an  Indian  in  Hamburg. 

Morphology. — The  parasite  is  very  large,  measuring  from  30  to  50  mi 
metres  in  length,  and  from  14  to  16  millimetres  in  breadth.  The  oral  sue 
and  acetabulum  are  in  the  proportions  of  075  to  2'6.  There  is  a  prepharj 
and  pharynx,  butjno  oesophagus. 

The  intestinal  caeca  are  long  and  wavy,  and  extend  to  the  posterior  ei 
The  genital  apertures  lie  in  front  of  the  acetabulum. 

The  cirrus  sac  is  very  long  and  well  developed,  and  the  testes  lie  behind  1 
ovary  and  the  ootype.  The  latter  is  much  larger  than  in  F.  buski,  and  is  o 
instead  of  being  round.  The  yolk  glands  extend  from  the  acetabulum  to  1 
posterior  end  of  the  body,  being  situated  laterally.  The  excretory  vesi 
isjwell  developed. 

The  eggs  measure  O'l  millimetre  in  length  by  0'073  millimetre  in  breadt 

Habitat. — Intestine  of  man. 

Pathogenesis. — The  patient  harbouring  it  was  suffering  fn 
fever,  which  had  been  diagnosed  as  typhoid. 

Kwan's  Fluke. 

Under  this  term  Heanley  has  described  a  trematode  found 
Dr.  Kwan  King  Hung  in  a  child  in  the  island  of  Hong  Kong, 
length  it  is  2  inches,  in  breadth  \  inch,  and  is  subdivisible  in 
a  small,  narrow,  anterior  portion  and  a  large,  broader,  poster: 
portion.  The  anterior  portion  is  ^  inch  long  and  -^  inch  broa 
oval  in  shape,  with  a  depression  on  one  surface,  bounded  by  a  ] 
which  projects  backwards.     The  cuticle  possessed  spines. 

The  intestine  was  not  clearly  seen,  but  the  caeca  were  unbranche 
The  testes  were  large  and  placed  one  behind  the  other.  The  ova 
was  branched,  and  it — the  shell  gland  and  the  yolk  glands  (whi 
met  each  other  posteriorly) — resembled  those  of  F.  buski. 

Pathogenesis. — The  patient  suffered  from  vomiting,  which  result^ 
in  the  expulsion  of  the  flat-worms. 

Opisthorchis  R.  Blanchard  1845. 

Fasciolidae  with  long  flattened  body  and  somewhat  pointi 
anterior  extremity,  with  a  cuticle  usually  without  spines,  sucke 
small,  intestinal  caeca  unbranched,  yolk  glands  situate  lateral 
and  not  extending  beyond  the  ventral  sucker  in  front,  testes  in  t: 
posterior  part  of  the  body,  one  behind  the  other. 

Habitat. — ^The  bile-ducts. 

The  species  of  this  genus  are  separated  from  one  another  with  gre 
difficulty. 

The  following  are  found  in  man :  Opisthorchis  fdineus  Rivol 
1885,  Opisthorchis  noverca  Braun  1903. 
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Opisthorehis  felineus  Rivolta  1885. 

Synonyms. — Disioma  conus  Gurlt  1831,  nee  Creplin  1825  ;  D 
lanceolatum  v.  Siebold  1836,  nee  Mehlis  1825 ;  D.  sihiricun 
Winogr  1892  ;  D.  tenuicolle  Miihl  1896,  p.p. 

Opisthorehis  felineus  lives  in  the  gall-bladder  and  bUe-ducts  o 
the  domestic  cat,  and  is  also  found  in  dogs  in  Europe.  The  Nortl 
American  species  is  different  [0.  pseudo-felineus). 

In  human  beings  it  is  apparently  a  common  parasite  in  Siberia 
where  it  was  first  found  by  Winogradoff  in  Tomsk. 

Morphology. — It  is  reddish-yellow  in  colour,  with  a  conical  neck  at  thi 
level  of  the  ventral  sucker,  marked  by  a  shallow  constriction. 

The  length  is  from  8  to  1 1  milhmetres  and  the  breadth  1-5  to  2  millimetres 
The  testes  lie  in  the  posterior  part  of  the  body,  one  behind  the  other.  The  yoU 
glands  are  situate  on  either  side  of  the  middle  third  of  the  body,  beginniiji 
behind  the  ventral  sucker  and  terminating  about  the  level  of  the  ovary. 

The  genital  pore  is  close  in  front  of  the  ventral  sucker. 

The  eggs  are  oval,  with  a  well-defined  operculum  {30  /i  by  11  jj). 

Life-History. — ^The  parasites  live  in  the  bile-duct,  and  the  eggs 
containing  a  ciliated  miracidium,  escape  in  the  faeces.  Furthe: 
development  is  not  known  ;  perhaps  it  takes  place  in  a  fish  whicl 
infects  men  and  cats. 

Pathogenesis. — It  causes  inflammation,  dilatation  of  the  bile 
ducts  in  man,  with  atrophy  of  the  liver  substance,  ascites,  anc 
icterus. 

Opisthorehis  noverca  Braun  1903. 

Synonym. — Distoma  conjunetum  Lewis  arid  Cunningham  1872 
nee  Cobbold  1859. 

Cobbold  in  1858  found  a  little  fluke  [D.  conjunetum)  in  the  bile 
ducts  of  Canis  fulvus  Lewis,  the  American  fox.  Fourteen  year; 
later  Lewis  and  Cunningham  found  what  was  considered  to  be  thi 
same  fluke  in  Indian  pariah  dogs,  and  in  1874  McConnell  reportec 
the  presence  of  the  same  fluke  in  human  beings  in  Calcutta. 

Braun  in  1903  pointed  out  that  the  two  parasites  are  quite  differ 
ent,  and  gave  the  name  of  Opisthorehis  noverea  to  the  Indian  species 
it  being  smaller  and  having  slightly  different  arrangements  in  it 
yolk  glands  and  suckers. 

Morphology. — It  is  lancet-shaped,  with  anterior  and  posterior  extremities 
pointed  body,  covered  with  spines  ;  9-5  to  127  millimetres  in  length,  anc 
2-5  millimetres  in  breadth,  with  two  suckers  very  close  together,  the  anterio 
being  larger  than  the  posterior.  The  genital  pore  opens  just  in  front  of  th 
ventral  sucker.  The  pharynx  is  spheroidal,  and  the  intestinal  csca  extern 
far  back.  The  two  testes  are  very  distinct,  the  anterior  rounded  and  th 
posterior  lobate.  The  ovary  is  slightly  lobate,  and  it  and  the  uterus  ar 
situated  medianly.  The  yolk  glands  Ue  laterally  in  the  middle  third,  extend 
ing  from  behind  the  ventral  sucker  to  the  back  of  the  testes.  There  is  n 
cirrus  pouch.     The  eggs  are  oval  (0-034  by  o'02i  millimetre). 

Habitat. — The  dog  and  man. 
Pathogenesis. — Not  known. 
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Clonorchis  Looss  1907. 
Fasciolidse,  characterized  by  the  fact   that  the  testes  are  n 
notched  or  lobate,  but  distinctly  ramified,  the  branches  crossi: 

the  intestinal  caeca  on  their  venti 
cab  side,  and  extending  very  near  t 

body  margin.  The  excretory  vesic 
is  simply  an  unpaired  tube,  whi 
becomes  somewhat  widened  at  i 
anterior  end,  assuming  sometimes  t 
shape  of  an  irregular  triangle. 

Species. — Clonorchis  sinensis  Co 
bold  1875,  Clonorchis  endemicus  Bae 
1883. 

Clonorchis  sinensis  Cobbold  1875 

Synonyms. — Distoma  sinense  Co 
bold  1875,  D.  spathulatum  Leucka 
1876,  Distomum  hepatis  innocwh 
Baelz  1883. 

Clonorchis  sinensis  was  first  d 
covered  by  McConnell  in  1874  in  t 
liver  of  a  Chinaman.  Until  recent 
it  was  believed  to  be  an  Opisthorch 
but  m  1907  Looss  gave  reasons  w! 
it  should  be  placed  in  the  new  gen 
Clonorchis.  As  far  as  is  known 
occurs  principally  in  China  a 
Japan,  and  has  not  yet  been  fou 
in  animals. 


Fig.  139. — Clonorchis  SINENSIS. 

(After  Looss,  from  the  Annals 
of  Tropical  Medicine  and 
Parasitology.) 

u,   Schematic  ;    b,   natural   size  ; 
c,  egg  X  500. 


granules  in  the  body  parenchyma. 


Morphology. — Clonorchis  sinensis  is 
white,  or  yellowish-red,  or  browni 
narrow  trematode,  13  to  19  millimet 
in  length,  and  3  to  4  millimetres 
breadth.  The  pigmentatiori  is  due 
the  deposit  of  fine  yellowish  or  bro 
The  ramifications  of  the  testes  are  long, 
anterior  arising  from  four  and  the  posterior  from  five  main  stems,  with  soi 
times  ventral  bulgings.  The  ovary  is  trilobate,  but  may  show  three 
six  smaller  lobules.  The  yolk  glands  reach  from  the  ventral  sucker  to 
level  of  the  ovary,  and  are  peculiar  in  that  certain  groups  of  foUicles  rem 
undeveloped.  In  perfectly  mature  specimens  the  seminal  vesicle  exte: 
back  as  far  as  the  middle  of  the  uterus.  The  eggs  are  generally  narro\ 
towards  the  anterior  end,  and  have  a  rather  high  lid,  with  a  sharply  proj( 
ing  brim  (these  peculiarities  may  be  absent).  The  egg  is  29  /.:  in  length  i 
■v6  fi  in  breadth. 

Habitat. — Only  known  in  man. 

Clonorchis  endemicus  Baelz  1883. 

Synonym. — Distoma  hepatis  endemicum  sive  perniciosum   Ba 
fSSs,  Distoma  japonicum  R.  Blanchard  1886. 
History. — In  1883  flukes  were  first  described  in  the  liver  of  hun 
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beings  in  Japan  by  Kiyono,  Nakahama,  Suga,  and  Yamagata,  an 
a  little  later  in  the  same  year  Baelz  reported  the  occurrence  of  tw 
hepatic  distoma  in  Japan. 

I.  Distoma  hepaiis  innocuum,  up  to  20  millimetres  in  length,  wit 
a  lighter-coloured  uterus  of  larger  volume, 
with  slightly  larger  ova,  21  to  36  /*  in  length  cab 
by  18  to  20  /*  in  breadth,  and  with  a  black 
granular  pigment  in  its  excretory  apparatus 
and  body  parenchyma.  It  caused  little  or 
no  symptoms  in  human  beings,  and  was 
found  accidei^tally  in  post-mortems. 

3.  Distoma  hepatis  endemicum  sive  per- 
niciosUm,  which  was  smaller,  8  to  11  milH- 
metres  in  length,  and  did  not  possess  the 
above  characters,  while  its  eggs  were  only  20 
to  30  fi  in  length  by  15  to  17  /^  in  breadth. 

These  were  confused  with  McConnell's 
parasite,  which  is  now  called  Clonorchis 
sinensis,  and  of  which  Distoma  hepatis 
innocuum  is  merely  a  synonym.  Looss 
points  out  that  the  description  given  since 
1883  of  Opisthorchis  sinensis  is  that  of 
D.  hepatis  endemicum,  which  he  now  separates 
distinctly  as  Clonorchis  endemicus  Baelz 
1883. 

It  is  found  in  Japan,  where  it  is  common, 
and  in  Annam  and  Tonkin,  in  man,  cats, 
dogs,  and  pigs 

Morphology. — From  6  to  13  millimetres  in 
length  by  i'8  to  2-6  millimetres  in  breadth.  Oral 
sucker,  043  to  0'45  millimetre  in  diameter ; 
ventral  sucker,  0-37  to  0"40  millimetre  in  diameter. 
13  :  12  and  15  :  12.  No  pigment  granules  in  the  parenchyma.  The  yol 
glands  are  like  C.  sinensis  but  there  are  fewer  undeveloped  groups  of  folUcles 
The  eggs  are  26  /j,  long  and  1$  /j,  broad,  on  an  average,  with  a  rather  flat  lid. 

Habitat. — It  is  found  in  cats,  dogs,  hogs,  and  men. 
Pathogenesis. — Enlargement  of  the  liver,  and  diarrhoea. 

A  Possible  Feline  Clonorchis  (or  Opisthorchis). 

Looss  draws  attention  to  the  fact  that  Ijima,  in  1886,  describes  a  Distomut 
from  the  hver  of  a  cat  in  Japan,  with  fine  spines,  and  smaller  than  C.  endemicui 
which  is  to  be  looked  upon  as  a  normal  parasite  of  the  cat.  It  is  only  4' 5  milli 
metres  in  length  by  o-g  millimetre  in  breadth.  It  may  be  a  Clonorchis  or  a: 
Opisthorchis. 

Katsurada,  in  1 900,  published  a  paper  based  upon  seventy-six  post-mortem 
with  an  enormous  number  of  parasites,  among  which  he  mentioned  thre 
found  in  a  man  from  the  province  of  Saga,  with  an  average  length  of  5 '16  milli 
metres  and  breadth  of  O'gd  millimetre,  which  Looss  considers  can  only  b 
explained  as  an  infection  with  a  feline  species. 

Habitat. — Cats  and  man  {?). 


Fig.   140. — Clonorchi 
endemicus. 

(After  Looss,  from  th 
A  nnals  of  Tropicc 
Medicine  and  Pan 
sitology.) 

», Schematic;  6,Natur£ 
size  ;  c,  egg  x  500. 


Ratio  of  the  two  suckeri 
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Metorchis. 

FascioUdse,  somewhat  slender  in  shape,  with  the  anterior  end  pointed  ; 
the  posterior  truncated,  with  cuticular  spines,  and  suckers  nearly  equa' 
size.  CEsophagus  very  small,  with  long  unbranched  intestinal  cseca.  Gen 
pore  opens  in  the  mid-line  anterior  to  the  acetabulum. 

The  ellipsoidal  testes  are  situate  posteriorly ;   yolk  glands  only  in 
lateral  portion  of  the  middle  one-third  of  the  body. 

Hetorchis  truncatus  Kudolphi  1819. 

Braun  believes  that  one  of  WinogradofE's  Siberian  parasites  was  : 
Opisthorchis  felineus,  because  it  had  cuticular  spines,  but  Metorchis  truncal 
which  is  found  in  the  Uver  of  cats,  and  is  mainly  characterized  by  its  postei 
extremity  being  truncated  and  provided  with  a  tuberosity  like  a  sue! 
This,  however,  is  entirely  a  matter  of  conjecture. 

Paragonimus  Braun  1899. 

Fasciolidae  with  thick,  oval,  or  broad,  fusiform  bodies,  aim 
circular  on  transverse  section.  Cuticle,  with  scale-like  spin 
Suckers  separated  by  half  the  length  of  the  body.  The  iiitestii 
caeca  are  wavy,  and  run  to  the  posterior  end  of  the  body,  but  i 
unbranched.  The  excretory  vesicle  runs  from  the  pharynx  bac 
wards  to  its  aperture  on  the  posterior  margin  of  the  body.  T 
genital  pore  is  just  behind  the  ventral  sucker.  There  is  no  cirr 
pouch,  and  no  receptaculum  seminis. 

Habitat. — In  the  lungs  and  other  organs  of  mammals. 

Paragonimus  westermani  Kerbert  1878. 

Sytonyms. — Distoma  westermani  Kerbert  1878,  D.  ringi 
Cobbold  1880,  D.  hepaticum  Miura  1889,  D.  pulmonale  Baelz  186 
D.  pulmonis  Suga  1883,  D.  cerebrale  Yamagiwa  i8go,  Mesogonim 
westermani  Raillet  1890,  M.  pulmonale  Stossich  1892. 

History. — Paragonimus  westermani  was  discovered  by  Kerbt 
in  1878  in  the  lungs  of  two  Bengal  tigers,  who  died  respectively 
the  Zoological  Gardens  of  Amsterdam  and  Hamburg. 

In  1880  Baelz  found  in  the  sputum  of  cases  of  haemoptysis  bodi 
which  he  took  to  be  psorosperms,  and  therefore  called  the  disea 
gregarinosis  pulmonum,  but  when  these  were  referred  to  Leucka 
he  said  that  they  were  eggs  of  a  Distomum.  In  the  same  ye 
Manson  found  what  he  took  to  be  eggs  of  some  parasite  in  a  case 
haemoptysis,  in  a  Chinaman  from  Northern  Formosa,  and  later  ] 
saw  a  Portuguese  with  hjemoptysis  and  obscure  thoracic  sympton 
who  lived  in  Tamsui  in  North  Formosa. 

This  man  died  in  Formosa,  and  Dr.  Ringer,  who  performed  t: 
post-mortem,  discovered  in  the  lungs  a  minute,  fleshy,  slight 
flattened,  oval  body,  grey  in  colour,  and  about  a  quarter  of  an  im 
in  length,  which  expelled  some  brownish  material  from  a  minu 
orifice  near  one  end. 

This  specimen  was  sent  to  Manson,  who  noted  the  same  eggs  as  : 
had  found  in  the  Chinaman  already  mentioned,  and  then  forward( 
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the  parasite  to  Cobbold,  who,  thinking  it  new  to  science,  named  i 
Distomum  nngen.  In  1883  Baelz,  having  found  specimens  in  the 
lungs,  named  it  D.  pulmonale.  In  1890  Otani  and  Yamagiwc 
proved  that  it  could  occur  in  other  parts  of  the  body  besides  th( 
lungs  by  finding  it  in  the  brain,  where  it  produced  symptoms  o 
Jacksonian    epilepsy.     Stiles    and    Looss    defined    its    zoologica 


Fig.   141. — Paragonimus  westermani. 
(After  Looss,  from  Mense's  '  Tropenkrankheiten.') 
a,  Schematic  x  8  ;  6,  eggs  x  300  ;  0,  natural  size. 

position ;  Ward  found  it  in  cats,  Railliet  in  dogs,  and  StUes  in  hogs ; 
while  the  best  description  of  the  lesions  caused  by  it  is  that  by 
Musgrave  in  1907,  who  found  it  in  the  Philippine  Islands. 

It  is  very  common  in  Japan,  and  is  found  in  China,  Korea,  and 
North  America,  a  human  case  being  reported  from  Mexico  by 
Naunyn. 

Morphology. — The  parasite  varies  from  a  reddish-brown  to  a  Ught  slate 
colour  when  first  removed  from  the  body,  but  soon  becomes  greyish  on 
exposure  to  the  air.  In  shape  it  is  oval,  with  a  somewhat  flattened  ventral 
surface,  and  is  capable  of  slight  alterations  of  its  appearance  by  protruding 
and  retracting  its  head,  and  by  altering  its  ventral  sucker  so  that  it  may  appear 
terminal.  The  cuticle  is  covered  with  scale-like  spines,  which  may  be 
capable  of  being  moved.  The  oral  sucker  is  spherical  and  terminal,  0'63  to 
0"97  millimetre  in  diameter.  The  ventral  sucker  is  situated  in  the  anterior 
half  of  the  body,  and  is  076  to  i"3i  millimetres  in  diameter.  The  oesophagus 
is  short,  and  divides  into  the  two  wavy  caeca.  The  genital  pore  may  be  in- 
distinct, and  is  always  small,  lying  close  to  and  behind  the  ventral  sucker.  The 
testes  lie  about,  but  not  quite  on,  the  same  level  on  each  side  of  the  median 
line  just  behind  the  uterus.  There  is  neither  a  cirrus  nor  a  cirrus  pouch.     The 
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ovary  is  opposite  and  slightly  posterior  to  the  uterus,  which  is  visible  j 
posterior  to  the  ventral  sucker.  The  yolk  glands  lie  at  the  sides,  and  th 
branches  almost  meet  dorsally,  while  ventrally  they  only  extend  to  i 
intestinal  caeca.  Laurer's  canal  is  present.  The  eggs  are  oval  in  shape, 
a  reddish-brown  to  a  light  yellow  in  colour,  with  a  length  from  o'oS  to  o'  i  mi 
metre,  and  a  breadth  from  0-052  to  0*075  millimetre.  They  possess  an  op 
culum,  and  contain  the  ovum  and  yolk  cells. 

The  excretory  vesicle  is  well  developed,  and  extends  from  the  phary 
backwards. 

Life-History. — ^This  is  not  known. 

Pathogenesis. — It  is  the  cause  of  paragonimiasis.     (See  Cha 
ter  XXXIV.) 

Heterophyes  Cobbold  1866. 

Small  Fasciolidae,  with  a  narrow,  movable,  anterior  portion,  ai 
a  broader,  less  movable,  posterior  portion,  which  contains  t 
genitalia.  Cuticle  with  scale-like  spines ;  suckers  widely  separatei 
oesophagus  long.  Genital  pore  placed  laterally  and  behind  t 
b  ventral  sucker,  and  surrounded  by 
genital  prominence  with  chitinous  rodlel 
No  cirrus  pouch.  The  testes  are  at  t 
posterior  end,  and  the  ovary  in  a  medi; 
position  between  them.  Yolk  glands  a 
small,  and  situated  at  the  sides  posteriori 
Habitat. — ^The  intestine. 

Heterophyes  heterophyes  v.  Siebold  i8s 

Synonyms. — Distomum    heterophyes 
Siebold    1852,    Mesogonimus    heierophy 
Railliet    1890,    Ccenogonimus    heterophy 
Looss     igoo,     Cotylogonimus    heterophy 
Braun  1901. 

This  minute  parasite  was  discoven 
by  Bilharz  in  the  intestine  of  a  boy 
Cairo  in  1851,  and  again  a  httle  later,  b 
the  third  observation  was  not  till  1891 1 
R.  Blanchard ;  since  then  Looss  has  foui 
it  in  Alexandria  and  Cairo,  where  he  sa 
it  is  not  uncommon. 

It  is  also  found  in  dogs  and  cats  in  Egy 
and  Japan. 

Morphology. — Heterophyes  heterophyes  is  pei 
shaped,  very  narrow  in  front,  broad  behin 
2  millimetres  in  length,  by  i  millimetre  in  breadi 
but[can[stretch  to  quite  double  this  length.  Cuticle  with  rectangular  scales,  a 
with  numerous  glands  on  the  anterior  ventral  surface.  Oral  sucker  O'l  mi! 
metre  and  ventral  0-35  millimetre  in  diameter.  CEsophagus  relatively  loi 
Intestinal  caeca  end  posteriorly  near  each  other.  Testes  situated  posterior 
not  quite  on  the  same  level  on  each  side  of  the  excretory  vesicle  ;  ducts  j( 
in  a  large  vesicula  seminalis,  from  which  a  canal  unites  with  the  metatren 
and  then  discharges  into  the  genital  cavity,   the  pore  of  which  is  plac 


Fig.  142. — Heterophyes 
heterophyes. 

(After  Looss,  from  Braun' s 
'  Animal  Parasites  of 
Man,'  English  edition.) 

a,  Schematic  x  35  ;  b, 
natural  size;  c,  eggs  x 
250;  d,  spine  x  700. 
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laterally,  surrounded  by  an  annular  muscular  elevation,  provided  with  seventy 
five  to  eighty  branched  chitinous  spines,  probably  intende  I  to  help  in  sexua 
intercourse. 

The  ovary  lies  medianly,  and  its  duct  passes  backwards  to  join  the  recepta 
culum  seminis,  which  is  just  in  front  of  the  testes. 

Here  also  joins  the  vitellarian  duct  of  the  yolk  glands,  which  also  lie  laterall} 
in  the  posterior  third  of  the  body.  The  uterus  is  coiled  throughout  th< 
posterior  part  of  the  body.  The  canal  of  Laurer  is  present.  The  eggs  hav( 
thick  shells,  and  are  0^03  millimetre  in  length  and  o'oi7  millimetre  in  breadth 
containing  a  miracidium. 

Habitat. — Small  intestine. 

Pathogenesis. — Perhaps  nil,  but  the  parasite  is  very  small,  anc 
may  therefore  be  overlooked. 


Dicroccelium  Dujardin  1845. 

'•  Medium-sized   Fasciolidae,   with  lancet-shaped   bodies,   withoui 

spines,  and  with  suckers  placed  close  together.     Intestine  does  noi 

reach    the    posterior   end.      Genital   pore 

close  behind  the  pharynx,  with  the  cirrus 

pouch  in  front  of  the  ventral  sucker,  just 

behind  which  the  testes  lie  with  the  ovary 

in  the  median  line  behind  them.     The 

uterus  lies  behind  the  ovary  and  testes, 

extending    as    far  back  as  the  posterior 

border.    The  yolk  glands  are  small,  and 

situated    in    the   middle   quarter  of    the 

lateral  areas  of  the  body.     The  excretory 

vesicle    is    tubular.      Ova    dark    brown. 

Worms  live  in  the  liver  and  gall-bladder, 

rarely  in  the  intestine. 


Dicroccelium  lanceatum  Stiles  and 
Hassel  1896. 

Synonyms. — Fasciola  lanceolata  Rudolphi 
1803,  nee  Schrank  1790  ;  Distomum  lanceo- 
latum  Mehlis  1825  ;  Dicroccelium  lanceola- 
;(Mm  Dujardin  1845  ;  Dicroccelium  lanceatum 
Stiles  and  Hassel  1896. 

History. — Bucholz  appears  to  have  been 
the  first  to  discover  these  worms  in  the 
gall-bladder  in  Weimar,  and,  later,  Chabert 
in  the  intestines  of  a  girl  in  France,  and 
Kiichner  in  Weimar.  Since  then  they 
have  been  noted  in  Italy  and  Egypt.  They 
are  found  in  the  bile-ducts  of  herbivorous 
and  omnivorous  animals  in  Europe,  North 
Africa,  Asia,  and  North  and  South  America. 

Morphology. — Dicroccelium    lanceatum   is    a   small    trematode,    measurin 
8  to  ID  millimetres  in  length  by  i  -5  to  2-5  millimetres  in  breadth.     It  is  pointe 

■24 


Fig.    143. — DicRoccELiui 

LANCEATUM. 

(After  Looss,  from  Mense' 
'  Tropenkrankheiten.') 

a,  Schematic  x  6 ;  6,  natura 
size  ;  c,  eggs  x  250. 
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in  front  and  narrow  behind,  so  that  the  widest  point  is  just  behind  the  y 
glands.  Cuticle  is  smooth  ;  the  oral  sucker  is  terminal,  and  about  the  sa 
size  as  the  ventral  (0-5  to  o-6  millimetre).  The  intestine  bifurcates  just  in  fr. 
of  the  genital  pore,  which  is  situate  in  the  median  line  in  front  of  the  ven- 
sucker;  behind  which  the  two  testes  lie,  from  which  the  vasa  deferentia  : 
forwards  to  form  a  cirrus  lying  in  a  cirrus  sac. 

The  ovary  Ues  behind  the  posterior  testis  ;  there  is  a  rece^taculiim  semi 
and  a  Laurer's  canal.  The  yolk  glands  lie  in  the  lateral  portion  of  the  mid 
fifth  of  the  body,  the  posterior  portion  of  which  is  filled  up  by  the  large  coi 
uterus.  The  eggs  are  thick-shelled,  and  yellowish  to  brown  in  colour,  wit 
length  of  38  to  45  ii,  and  a  breadth  of  22  to  30  fi.. 

Life-History. — Not    known,    but    suspicions   rest    on  Planor 
marginatus  and  land-snails. 
Pathogenesis. — No  special  symptoms. 

Family  III.  Monostomid^. 

Trematodes  of  oval  or  more  or  less  rounded  form,  possessing  only  an  0 
sucker. 

Monostomum  Zeder  1803. 

Monostomum  lentis  Von  Nordmann  1832. 

Synonym. — Festucaria  lentis  Moquin-Tandon  i860. 

Eight  specimens  of  this  parasite  were  discovered  by  Von  Nordmann 
the  opaque  lens  of  an  old  woman  ;  they  were  only  0*3  millimetre  in  length. 

Family  IV.  ScHisxosoMiDyE  Looss. 

Digenea  with  separate  sexes. 
Genus. — Schistosomwm. 

Schistosomum  Weinland  1858. 

Synonyms. — GyncBcofhorus  Diesing  1858,  Bilharzia  Cobbold  18; 
Thecosoma  Moquin-Tandon  i860. 

Schistosomidse  with  long  filiform  females  and  shorter  males,  wi 
bodies  widened  behind,  which  can  curve  ventrally  to  form  a  cana 
gyncBcophorus,  in  which  the  female  is  enclosed.  No  pharyn 
Intestinal  branches  unite  at  the  posterior  end  of  the  body.  0' 
with  spines. 

Habitat. — The  vascular  system. 

Species. — Schistosomum  hcsmatobium,  S.  mansoni,  S.  japonicum. 

Schistosomum  haematobium  Bilharz  1852. 

Synonyms. — Distoma  hcematobia  Bilharz  1852,  D.  capense  HarL 
1864,  Bilharzia  hcematobia. 

History. — Schistosomum  hcematobium  was  discovered  in  the  port 
vein  of  a  man  in  185 1  by  Bilharz  in  Cairo,  and  later  by  HarL 
in  1864  in  a  patient  from  the  Cape  of  Good  Hope.  Since  thi 
it  has  been  found  widely  distributed  through  Africa  (Egyj 
Sudan,  Tunis,  Algiers,  West  Coast,  including  the  Gold  Coast,  Ea 
Coast,  and  South  and  Central  Africa),  which  is  its  endemic  centi 
and  in  Asia,  in  Syria,  Arabia,  Persia,  India,  Mauritius.  On 
imported  cases  occur  in  Ceylon. 

Other  species  are  known  in  sheep,  horses,  oxen,  monkeys,  etc. 
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Morphology— Males.— The  male  is  whitish  in  colour,  and  from  12  to  14  milli 
metres  in  length,  with  a  greatest  width  behind  the  ventral  sucker  of  i  milli- 
metre.  It  is  really  thin  and  flat,  though  it  may  look  cyUndrical,  because  tht 
lateral  margins  are  turned  ventrally  inwards,  enclosing  a  canal,  called  the 
gyuaecophonc  canal,'  m  which  the  female  lies.  The  whole  body  is  covered 
mth  projections  tipped  with  short  spines,  which  enable  it  to  cling  to  the  wall 
of  the  bloodvessel.  The  oral  sucker  looks  ventrally.  The  ventral  sucker  is 
situate  near  to  it.  There  is  no  pharynx,  but  the  oesophagus  is  long  and 
covered  with  numerous  glands,  and  bifurcates  just  in  front  of  the  ventral 
sucker  into  the  intestinal  casca,  which  unite  behind  the  testes  into  a  median 
trunk.  The  excretory  pore  is  at  the  posterior  end,  situated  a  little  dorsally. 
There  are  four  to  five  testes,  from  which  the  vas  deferens  runs  to  a  vesicula 
seminalis,  from  which  an  ejacula;- 
tory  duct  proceeds  to  the  genital 
pore,  situated  behind  the  ventral 
sucker  at  the  beginning  of  the 
gyntecophoric  canal. 

Female. — The  female  worm  is 
long,  thin,  being  20  millimetres 
in  length  (i.e.,  longer  than  the 
male)  and  0-25  millimetre  in 
breadth  (much  thinner  than  the 
male).  Posteriorly  it  is  coloured 
dark  brown,  because  of  the  colour 
of  the  contents  of  the  intestine. 
The  cuticle  is  smooth,  except  in 
the  sucker  and  at  the  tail  end, 
where  there  are  large  spines. 
The  alimentary  canal  is  much 
the  same  as  in  the  male.  The 
ovary  is  median,  and  the  ovarian 
duct,  taking  origin  at  the  posterior 
end,  runs  forward  to  join  with  the 
vitellarian  duct  from  the  single 
yolk  gland,  which  lies  about  the 
middle  of  the  body.  The  junc- 
tion of  the  two  ducts  is  at  first 
narrow  and  surrounded  by  the 
shell  gland,  but  it  soon  dilates 
into  the  uterus,  which  runs  for- 
wards to  end  in  the  genital  pore, 
just  behind  the  ventral  sucker. 
The  eggs  are  bluntly  spindle- 
shaped,  yellowish  in  colour, 
slightly  transparent,  and  pro- 
vided with  a  thin  shell,  without 

a  lid,  but  possessing  a  terminal  spine,  which  may  be  absent  at  the  posterior 
end.  They  measure  from  0-12  to  O'lg  millimetre  in  length  and  0-05  to 
0-073  millimetre  in  breadth,  but  vary  considerably. 

Life-History. — ^The  young  immature  males  and  females  are  only 
found  in  the  portal  system  in  the  liver,  which  is  therefore  believed  by 
Looss  to  be  the  home  of  the  sporocyst. 

When  older,  the  different  sexes  repair  to  the  portal  vein.  Looss 
notes  that  it  is  not  uncommon  to  find  males  alone  in  that  vein,  and, 
further,  that  they  are  all  of  the  same  age,  which  he  explains  by 
assuming  that  there  are  male  sporocysts  and  female  sporocysts. 
Eventually  they  pair  in  the  portal  vein,  and  now  the  male  carries  the 
female  along  that  vein  down  the  inferior  mesenteric  vein  to  the 
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Fig.  144. — ScHisTosoMUM  h^matobium. 

(After  Looss,  from  Mense's  'Tropen-   J 
krankheiten.')  I 

This  drawing  shows  the  female  worm 
enclosed  in  the  gynaecophoric  canal  of 
the  male. 
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bladder,  which  is  a  fairly  direct  route,  but  Looss  considers  that  t 
may  be  chemically  attracted  to  the  bladder,  for  their  journe; 
against  the  blood-stream,  and  they  are  enabled  to  perform  it 
means  of  the  bristles  on  the  male  cuticle. 

Looss  notes  in  the  females  before  fertilization,  in  the  portal  \ 
and  en  route  to  the  bladder,  eggs  with  lateral  spines,  but  a 
fertilization  eggs  with  long  terminal  spines ;  but  the  interpretatioi 
this  will  be  dealt  with  more  fully  under  Schistosomum  mansoni. 

The  length  of  time  occupied  by  the  journey  is  not  known,  i 
probably  varies  considerably.  Arrived  in  the  veins  of  the  blade 
the  real  oviposition  begins,  and  Looss  is  inclined  to  think  that 
female  can  push  her  head  (close  to  which  is  the  genital  opening)  i: 
the  capillaries,  and  thus  lay  the  eggs  directly  into  these  chann^ 
where  they  are  held  in  position  by  contraction  of  the  capillary  uj 
them.  Looss  thinks  that  it  is  probable  that  the  worms  may  1 
three  years  in  these  vessels,  producing  during  that  period" la: 

numbers  of  eggs,  which  work  th 
way  like   any  other   foreign   bo 
into  the  lumen  of  the  bladder,  pre 
i  ably  by  means  of  the  contractic 

of  that  organ. 

During  their  journey  through  t 

tissues  the  eggs  increase  in  size  frc 

o-o8  to  0-09  n-  in  length  and  0-03 

004  /t  in  breadth  in  the  ootype 

0-13  to  0-15  jx  in  length  and  0-64 

006  ft.  in  breadth  in  the  urine,  wh 

Fig.  145.— Egg  of  Schistosomum     the  embryo  develops,  so  that  wh 

,  H^MATOBiuM  (X250).  they  are  voided  in  the  urine  tb 

(After  Looss,  from  Mense's        contain    a    weU-developed    mira( 

Tropenkrankheiten.')  dium ;  but  during  this  journey  mai 

,  ,        ,  die  and  become  calcified.     It  is  n 

known  how  long  an  egg  must  take  before  it  escapes  in  the  urine,  b 

Looss  pomts  out  that  even  the  presence  of  an  egg  with  a  tn 

miracidium  is  no  evidence  that  the  parent  worms  are  alive.     The 

w^iT  ''a^I'^^}^'  "?^^^^  *^^y  g^'"  access  to  water,  in  which  the 
natcft  and  the  cihated  miracidium  escapes  and  swims  about. 
nJ^lv,^  so-called  body  cavity  of  this  miracidium  there  are  germin 
Or,;  I'^^Tu^^P?'^"*  °^  "^^i^h  ^a^  been  traced  in  Fasciola  hepatic 
Une  would  therefore  assume  that  the  miracidium  required  anothi 
•  i7"'i"  a^ />;^vertebrate,  possibly  a  mollusc,  crustacean,  a 
oTt  nA=  ■''  If  xv^^^f;  ?5*'^P^  a  fish-but  the  careful  observatioi 
of  Looss  m  the  Nile  Valley  have  not  established  its  entry  into  an 
Z  W^f  >,^''™k'-  ^o'^^over,  it  does  not  live  long  in  water,  thirt 
to  forty  hours  being  the  greatest  period. 

Iherefore  Looss  has  come  to  the  conclusion  that  man  is  tl 

the'stTm^nh^^°'*-  ^!-  ^"l'^^^  P°^"*^  °^t  that  it  canno?be  vi 
insf.nZ  ?.:  for  a  solution  of  i  in  i,ooo  hydrochloric  acid  kills  thei 
mstantly ,  therefore  he  is  forced  to  the  conclusion  that  they  enter  th 
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body  via  the  skin  while  the  people  are  bathing.  In  this  he  is 
supported  by  the  habits  of  the  people,  who  work  in  the  fields 
standing  in  liquid  mud,  and  bathe  in  companies  in  canals  with  slow- 
flowing  water,  or  in  pools  which  may  possibly  have  become  infected 
by  persons  urinating  into  the  water. 

From  the  skin  Looss  thinks  that  they  work  their  way  to  the  liver, 
where  the  further  development  is  gone  through. 

But  the  worms  do  not  always  remain  in  the  bladder,  it  being 
possible  for  them  to  work  their  way  to  the  rectum  by  means  of 
communicating  veins,  when  the  eggs  escape  with  the  faeces. 

Moreover,  Looss  thinks  that  sometimes  they  may  miss  the  direct 
route  to  the  bladder,  and  get  by  accident  into  the  veins  of  the  rectum. 

Further,  it  appears  that  the  young  immature  worms,  instead  of 
entering  the  portal  system,  may  get  into  the  hepatic  venous  system, 
for  they  have  been  seen  by  Kartulis  in  the  vena  cava  and  by 
Symmers  in  the  lung. 

Eggs  laid  in  the  portal  system  may  be  carried  to  the  liver  by  the 
blood-stream.  In  this  organ  they  may  lodge,  and  work  their  way 
into  the  hepatic  venous  system,  and  thus  into  the  lungs  or  into  the 
bile-ducts,  and  so  to  the  faeces  and  to  the  exterior  of  the  body.  II 
must  be  admitted  that  Looss's  views  do  not  obtain  universal  support, 
and  that  several  authorities  believe  that  a  cycle  analogous  tc 
Fasciola  hepatica  will  some  day  be  found. 

Pathogenesis. — ScMstosomum  hcematobium  is  the  cause  of  one  form 
of  urinary  schistosomiasis  {vide  Chapter  XLIX.). 

ScMstosomum  mansoni  Sambon  1907. 
It  has  long  been  known  that  in  cases  of  schistosomiasis  two  kinds 
of  eggs  can  be  seen — one  with  a  terminal  spine  when  the  urinarj; 
system  is  affected,  and  the  other  with  a  lateral  spine  when  the 
intestine  is  affected.  In  1903  Manson  noted  that  in  a  case  from  the 
West  Indies  in  which  the  disease  at- 
tacked the  rectum,  and  not  the  bladder, 
the  eggs  all  had  lateral  spines,  and  he 
therefore  suggested  that  these  eggs 
might  possibly  belong  to    a  separate 

species  of  ScMstosomum.  tt         ^     r^ 

T                    ox,                 j.„4      „     „«,„  Fig.  146. — Outlines  of  the 

In    1907    Sambon    created    a    new  eggs  of  (i)  S.  japonicum; 

species,  ScMstosomum  mansom,  for  the  (2)  s.  haematobium  ;    (3) 

following  reasons  :  S.  mansoni. 

1.  Lateral    spined    eggs    are    never  (Aftef  Sambon.) 
found  in  the  urine,   but   only  in  the 

faeces,  and  never  occur  in  the  bladder,  only  in  the  rectum  and  liver, 

2.  the  egg  is  oval  in  shape,  with  a  lateral  spine,  while  that  oi 
S.  hcematohium  is  oblong  and  lanceolar  in  shape,  with  a  termma) 
spine,  and  that  of  5.  japonicum  oval  or  roundish,  without  a  spine. 

The  lengths  and  breadths-  are  different :  5.  mansoni,  112  to  162  /^ 
by  60  to  70  /i ;  S.  hcematohium,  no  to  120  /z  by  46  to  50  ^  ;  S.  japoni- 
cum, 75  to  90  jj-  by  53  to  75  /A. 
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3.  The  males  are  apparently  similar,  but  the  females  havi 
difference  in  the  genital  tract,  which  has  been  described  by  Frits 
and  when  mature  contain  lateral-spined  ova  in  the  uterus. 

4.  The  geographical  distribution  of  5.  mansoni  and  S.  hcBmatobi: 
were  different.  5.  hcematobium  is  alone  found  in  the  Cape ;  5.  mans 
is  the  only  species  in  the  West  Indies  and  in  South  America. 

Looss  has  challenged  these  statements,  maintaining  that  the  lateral-spii 
eggs  are  the  products  of  unfertilized  females,  and  pointing  out  that  Bilharz  1 
noted  the  presence  of  a  lateral-spined  ovum  in  the  anterior  portion  of  the  ute 
and  terminal  spined  ova  in  the  posterior  port 
of  the  same  female,  which  he — Looss — himi 
believes  that  he  has  seen.  Looss  thinks  tha 
is  possible  for  only  females  to  occur  in  a  pers 
and  they,  not  having  the  muscular  strength 
theloug  journey  against  the  blood-stream  to 
bladder,  are  thus  driven  into  side-channels  £ 
reach  the  bowel.  These  unfertilized  females  ^ 
only  produce  lateral-spined  ova,  which,  be 
shed  all  the  way  along,  are  carried  to  the  U\ 
Thus  no  terminal-spined  ova- will  ever  appe 
but  only  lateral-spined  ova,  which  will  be  voic 
by  the  faeces. 

He  answers  Sambon's  points  in  the  follow 
manner  : 

1.  The  lateral-spined  ova  do  not  represent  ■ 
eggs  of  a  new  species  of  Schistosomum,  but  mer 
those  produced  by  unfertilized  females  of 
hcBmatobium. 

2.  Terminal-spined  ova  occur  frequently  in  1 
faeces  and  rectum. 

3.  The  difference  in  the  eggs  is  simply  due 
the  fact  that  they  are  products  of  unfertili; 
or  fertilized  females,  and  in  all  cases  where  ' 
terminal-spined  ova  are  found  the  lateral  -v 
also  be  found,  especially  if  the  liver  be  examin 

4.  The  description  of  differences  in  the  fem 
generative  organs  as  given  by  Fritsch  is  wroni 

5.  Straight  -  spined  ova  in  the  urine  he 
been  found  in  the  West  Indies,  as  recorded 
Holcomb. 

6.  Man  being  in  all  probability  the  int 
mediary  host,  there  are  no  bounds  to  1 
geographical  distribution  of  S.  hcsmatobium. 

These  criticisms  of  Looss  have  been  answei 
by  Sambon,  who  has  also  been  supported 
Ward.     And  quite  recently  da  Silva  has  described  the  adult  worms,  wh; 
show  differences  from  S.  hcematobium. 

Notwithstanding  Looss's  great  authority,  we  consider  S.  mansoni  to  be 
different  species  from  5.  hcematobium.  We  base  our  opinion  especially 
the  experience  of  one  of  us  who  while  in  Equatorial  Africa  observed  numen 
cases  of  rectal  bilharziosis,  all  with  lateral-spined  eggs,  and  never  cases 
vesical  bilharziosis.  It  would  be  diflacult  to  imagine  that  all  those  patie: 
should  harbour  unfertilized  females. 

The  morphology  of  the  adult  worms  has  been  described  by  P. 
Silva  of  Bahia  as  follows  : 

Morphology— Mai«i.— The    male   measures    12    millimetres   in   length 
0-448  millimetre  in  breadth  in  the  middle.    The  ventral  sucker  is  o-S40  mi 
metre  behind  the  oral  sucker. 


Fig. 


147. — Schistosomum 

MANSONI. 

(After  Holcomb.) 
Male  ;  b,  egg  ;    c,  larva. 
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The  anterior  end  shows  six  sexual  masses  composed  of  testes  and  semiua 
vesicles.  The  posterior  end  is  tapering.  The  spinous  papillje  are  not  s 
marked  as  in  S.  hcsmatobium. 

Females. — The  female  worms  measure  14-5  to  15  milUmetres  in  length  b' 
0-i68  millimetre  in  breadth  in  the  middle.  The  distance  between  the  tw 
suckers  is  0-224  to  0-252  milUmetre.  It  is  thickest  in  the  middle,  and  taper 
,  to  each  extremity.  The  anus  opens  0-336  millimetre  in  front  of  the  tip  of  th 
tail.  The  oviduct  is  much  shorter  than  in  S.  hcsmatobium/ and  enters  th 
vitelline  ducts  after  only  a  short  turn.  The  uterus  contains  laterally  spine( 
eggs.  The  eggs  measure  146  ;u  by  62  ^,  with  18  /i  as  the  length  of  the  spiculum 
The  miracidium  escapes  by  a  transverse  rupture  of  the  shell,  and  measure 
153  ^  by  72/i. 

Pathogenicity. — It  is  the  cause  of  intestinal  schistosomiasis  [vid 
Chapter  XLVL). 

Schistosomum  japonicum  Katsurada  1904. 

Synonym. — Schistosomum  cattoi  Blanchard  1905. 

History. — For  several  years  an  endemic  disease,  characterized  b5 
enlargement  of  the  liver  and  spleen,  fever,  diarrhoea  with  mucu; 
and  blood  in  the  motions,  associated  with  ascites  and  cachexia  anc 
extreme  weakness,  had  been  observed  in  the  provinces  of  Yamanash 
and  Hiroshima  of  Central  Japan  and  Saga  of  Kinshu.  Eggs  con 
taining  a  miracidium  were  to  be  found  in  the  liver  and  other  organs 

Katsurada  then  examined  cats  in  the  neighbourhood,  and  founc 
numerous  Schistosoma  in  the  portal  veins  of  two  cats  in  the  province 
of  Yamanashi,  in  which  there  were  eggs  exactly  similar  to  thos( 
found  in  the  above-mentioned  disease.  Catto  a  little  later  found 
the  same  parasite  in  a  Chinaman  from  the  province  of  Fukien 
Recently  Logan  has  found  it  in  a  Chinaman  from  the  province  of 
Hunan,  Nicols  in  a  case  from  the  Philippines,  and  Manson  and 
Sambon  in  cases  from  China  and  South  Africa. 

Morphology. — In  general  appearance  the  parasite  resembles  S.  hcematobium 
but  is  smaller.  Male,  7  to  12  millimetres  in  length,  0-53  millimetre  in  breadth 
females,  8  to  12  millimetres  in  length,  0-4  millimetre  in  breadth.  The  ventra 
sucker  is  relatively  larger  than  the  oral.  The  male  worm  has  no  tubercles. 
The  eggs  are  oval,  yellowish-brown  in  colour,  without  operculum  or  spine^ 
60  to  90  /i  in  length  and  30  to  50  /*  in  breadth.  Catto  points  out  that  these 
eggs  might  be  mistaken  for  thoee  of  Agchylostoma  duodenale. 

Pathogenesis.— The  parasite  is  the  cause  of  one  form  of  schisto- 
somiasis—viz.,  katayama  disease  [vide  Chapter  XXXIV.). 

Christophers  and  Stephens'  Schistosomum. 

Christophers  and  Stephens  have  described  a  Schistosomum  egg  which 
differs  from  the  usual  descriptions,  and  which  therefore  may  belong  to  a 
new  and  as  yet  unknown  species  or  genus ;  but  it  was  found  with  ordinary 
S.  hcematobium  eggs,  and  may  therefore  be  an  abnormality.  The  egg  was 
found  in  Madras  ;  it  was  of  an  elongated,  spindle  shape,  with  a,  long  snout- 
like process  extending  from  the  broader  end  (205-2  /i  by  53-2  /i). 

New  Sehistosomum. 

Recently  Salomone  and  Belli  found  portions  of  a  worm  which  they  think 
may  be  a  new  Schistosomum  in  a  patient  suffering  from  haematuria  contracted 
in  Brazil. 
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CHAPTER  XV 

BIOLOGICAL  CAUSES  OF  DISEASE  {continue 
— CESTOIDEA 

Cestoidea — History — Morphology — Life-History— Habitat — Classificatioi 
Description  of  species  found  in  man — References. 

CESTOIDEA  Rudolphi  1808. 

Platyhelmia  without  alimentary  canal  in  any  stage  of  the  life  eye 
with  segmented  body,  in  which  the  epidermis,  which  has  sunk  ir 
the  parenchyma,  secretes  a  thick  cuticle.  Lime-secreting  cells  ; 
developed  in  greater  or  less  number,  and  form  calcareous  concretio: 
Organs  ,of!|jfixation  of  a  variable  character  are  developed.  T 
habitat  of  the  adult  worm  is  typically  the  intestine,  and  that  of  1 
larval  form  some  other  part  of  the  body,  often  of  another  host. 

History. — It  is  believed  that  cestodes  were  known  to  the  ancien 
and  that  the  reason  why  Moses,  who  figures  largely  in  the  history 
Tropical  Medicine,  forbade  the  Israelites  to  eat  pigs  and  su 
animals,  was  because  of  the  parasites  known  to  exist  in  their  flesl 

Aristotle  knew  the  proglottides  of  tapeworms,  and  as  early 
1592  Tmnia  was  distinguished  from  Bothriocephalus.  Tyson  (16! 
discovered  the  head '  of  the  tapeworm  of  a  dog.  Redi  (1687-171 
came  to  the  conclusion  that  Cysticerci  were  animals,  and  Zee 
(1800)  formed  them  into  a  separate  group,  Cystici ;  but  Kiich( 
meister  in  185 1  proved  by  feeding  experiments  that  these  were  oi 
the  larvae  of  tapeworms,  and  that,  as  a  rule,  two  different  kinds 
animals  were  required  as  hosts  in  order  that  the  life  cycle  mi{ 
take  place. 

Leuckart,  Braun,  Looss,  Sonsino,  Grassi,  Blanchard,  Von  Linstc 
Liihe,  Stiles,  Sambon,  and  Leiper  may  be  mentioned  as  investigati 
who  have  greatly  improved  our  knowledge  of  these  parasites. 

Morphology. — There  are  two  groups  of  cestodes,  one  called  the  Cestoda 
containing  genera  with  only  a  single  segment,  and  another  Cestoda,  in 
restricted  sense  of  the  word,  which  includes  all  forms  possessing  a  scolex  < 
segments.     It  is  with  this  latter  group  that  we  are  now  concerned. 

The  true  cestodes  are  easily  recognized  by  their  band-like  segmented  bo 
which  is  usually  of  a  white  colour.  They  are  broad  and  large  posterio: 
becoming  narrower  and  narrower  till  the  place  is  reached  where  they 
attached  to  the  intestinal  wall.  This  anterior  end  is  called  the  '  scolex,'  wl 
the  segments  are  called  'proglottides.'  The  scolex  is  divisible  into  a  broa 
anterior  portion  called  the  head,  and  a  narrower  posterior  portion,  the  ne 
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The  head  is  provided  with  muscular  suckers,  which  keep  it  attached  to  the 
mucous  membrane  of  the  bowel.  Often  there  are  also  hooks  present  on  some 
part  of  the  head,  not  infrequently  on  an  anterior  projection  called  the  rostrum. 
The  neck  is  constricted,  and  shows  posteriorly  faint  rings  indicating  the  com- 
mencement of  new  segments,  which  are  always  formed  from  the  neck. 

Behind  the  head  come  the  proglottides,  the  youngest  being  situated 
anteriorly  and  the  most  fully  developed  posteriorly.  Their  number  is  very 
variable,  and  their  size  increases  from  before  backwards.  They  contain  the 
male  and  female  sexual  organs. 

The  whole  surface  of  the  worm  is  covered  by  a  thick,  non-chitinous  cuticle, 
said  to  contain  a  quantity  of  lime  salts,  under  which  lies  a  basal  membrane ; 
beneath  this  come  the  cuticular  muscles,  and  then  the  cortical  parenchyma, 
in  which  lie  the  sunken  epithelial  cells,  nerve  cells,  sense  organs,  excretory 
cells,  etc.  Among  these  cells  are  peculiar  calcareous  corpuscles,  varying  from 
3  to  30  j«  in  diameter,  and  having  essentially  the  structure  of  a  fat  cell — that 
is  to  say,  they  are  composed  of  concentrically  deposited  calcareous  material 
enclosed  in  a  cell  with  a  nucleus  at  one  side.  These  corpuscles  are  highly 
characteristic  of  a  Cestode.  The  calcareous  matter  is  composed  of  79  per 
cent,  organic  matter  and  21  per  cent,  of  lime  salts,  in  the  form  principally  oi 
the  carbonate,  but  also  of  an  albuminate  and  a  urate.  Their  function  is  not 
understood ;.  perhaps  it  is  skeletal,  perhaps  protective. 

In  the  cortex  come  the  longitudinal  muscles,  beneath  which  are  the  trans- 
verse muscles,  which  enclose  a  central  area  of  the  parenchyma  called  the 
medullary  layei,  and  therefore  separate  cortical  from  medullary  layers. 

There  is  no  alimentary  canal,  and  the  excretory  system  consists  of  flame 
cdls  with  anastomosing  capillaries  emptying  into  a  dorsal  and  ventral  collect- 
ing tube  on  each  side  of  the  body,  which  run  from  the  scolex  to  the  last  pro- 
glottis, where  they  open  to  the  exterior.  In  the  originally  posterior  proglottis 
there  is  a  pear-shaped'  excretory  vesicle  in  the  middle  of  the  posterior  edge, 
but  this  arrangement  is  lost  when  this  proglottis  drops  off,  and  then  the  tubes 
open  as  a  rule  separately  on  the  last  proglottis.  The  nervous  system  consists 
of  one  ganglion  in  the  scolex  and  two  nerve  cords.  The  generative  organs 
gradually  develop  in  the  proglottides  as  they  grow  older,  the  youngest  having 
no  trace  of  them.  With  the  exception  of  the  end  portions,  these  organs  he 
in  the  medullary  layer  of  the  body. 

The  male  organs,  which  are  the  first  to  reach  maturity,  usually  consist  oi 
numerous  follicular  testes  scattered  over  the  dorsal  portion  of  the  medullary 
layer,  but  may  be  consolidated  into  one  to  three  glands.  The  efferent  ducts 
from  these  unite  about  the  middle  of  the  proglottis  into  a  vas  deferens,  which, 
after  a  wavy  convoluted  course,  enters  a  cirrus  pouch  and  terminates  in  the 
genital  atrium  near  the  vaginal  orifice. 

The  female  reproductive  organs  consist  usually  of  two  ovaries,  which  lie 
near  the  ventral  surface  of  the  medullary  layer,  from  which  a  common  oviducl 
runs  to  join  with  the  spermatic  duct,  which,  after  travelling  a  certain  distance, 
is  dilated  to  form  a  receptaculum  seminis,  and  continued  as  the  vagina  to  the 
female  opening  in  the  genital  atrium.  After  the  junction  with  the  spermatic 
duct,  the  oviduct  is  joined  by  the  common  duct  of  the  yolk  or  vitellogene 
gland  or  glands,  and  then,  forming  the  ootype,  receives  the  ducts  of  the  shell 
gland,  and  passes  on  to  enter  the  uterus.  This  is  usually  a  bhnd  tube,  but 
may  open  by  a  special  aperture  on  the  same  or  the  opposite  surface  to  that  on 
which  the  genital  atrium  is  found. 

When  the  uterus  becomes  laden  with  eggs,  it  is  apt  to  alter  its  appearance 
and  become  branched,  and  grows,  filhng  up  the  proglottis,  while  the  male 
generative  organs  atrophy  and  disappear. 

Life-History. — ^The  proglottis  can  fertilize  itself  with  or  without  the 
use  of  the  cirrus,  or  different  proglottides  may  fertihze  one  another. 
In  any  case  the  receptaculum  seminis  receives  the  spermatozoa, 
which  travel  down  the  spermatic  duct,  and,  meeting  the  ovum, 
fertilize  it.     The  fertilized  ovum  now  obtains  its  yolk  (vitellus)  and 
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its  shell,  and  then  passes  into  the  uterus,  from  which  it  may  esca 
by  the  uterine  orifice  when  there  is  one,  or  not  until  the  proglotti; 
destroyed. 

Development  usually  begins  in  the  uterus.  An  egg  is  as  a  rule  c 
in  form,  enclosed  in  a  brown  or  yellow  shell  with  or  without 
operculum.     This  shell   contains   food  yolk  and   the   develop] 
embryo,  whose  cells  form  two  membranes — an  outer  in  contact  w: 
the  shell,  and  an  inner  in  contact  with  the  embryo. 

The  outer  envelope  and  the  shell  are  soon  lost,  and  when  1 
embryo  appears  in  the  fseces  it  is  surrounded  by  its  inner  envelo] 
the  embryophore,  and  has  developed  six  hooks.  In  this  stage 
development  it  is  called  an  onchosphere. 

It  will  therefore  be  evident  that  the  so-called  egg  as  seen  in  1 
fseces  is  not  an  egg  at  all,  but  the  onchosphere  with  its  embryo] 
envelope,  which  in  certain  species  may  be  ciliated. 

When  the  onchosphere  enters  the  alimentary  canal  of  a  new  ho 
generally  of  a  different  class  from  the  original  host,  it  throws  off 
envelope,  and  works  its  way  into  the  tissues  by  its  hooks  untU 
arrives  in  some  suitable  organ,  when  it  throws  off  its  hooks,  encys 
and  forms  either  a  little  bladder-like  cyst,  from  the  wall  of  which  i 
scolex  develops  (the  whole  being  called  a  '  Cysticercus ' ;  if  the  cyst 
small,  it  is  called  a  '  cysticercoid ' ;  or  if  it  has  a  caudal  appendix 
'  cercocystis '),  or  it  develops  directly  into  the  scolex  without  i 
intervention  of  a  cyst,  forming  a  plerocercoid  (jrA-ijpTjs,  full ;  KepK 
a  tail).  These  wanderings  of  the  onchosphere  in  search  of  a  suital 
resting-place  may  produce  unpleasant  symptoms  if  there  are 
number  of  parasites.  The  time  occupied  in  the  transformation  of 
onchosphere  into  a  Cysticercus  varies,  being  from  two  to  six  mont 
or  longer. 

With  but  rare  exceptions  the  Cysticercus  does  not  develop  furtl 
until  it  enters  another  and  different  host,  though  some,  like  Hyme; 
lepis  murina,  which  has  its  larvse  in  the  villi  and  its  adults  in  1 
intestine  of  the  rat,  infest  only  one  host. 

Often  the  Cysticercus  is  found  in  a  herbivorous  animal,  while  1 
tapeworm  occurs  in  a  carnivorous  or  omnivorous  animal.  Infecti 
is  direct  by  feeding,  for  in  the  alimentary  canal  the  cyst  dies  off,  a 
leaves  the  scolex,  which  develops  in  the  course  of  a  few  weeks  ii 
an  adult  tapeworm,  whose  span  of  life  appears  to  be  about  a  ye 
but  may  be  much  more  or  much  less.  An  example  is,  Cysticeri 
fasciolanus  of  the  mouse  which  becomes  Tcenia  crassicollis  in  the  c 
Abnormalities  are  often  met  with  in  the  segments. 

Habitat. — As  a  rule  the  adult  lives  in  the  alimentary  canal  usua 
of  a  vertebrate,  but  they  may  be  found  in  the  liver  and  pancre 
They  are  capable  of  active  movements  during  life.  Food  is  obtair 
by  osmosis  from  the  contents  of  the  ahmentary  canal. 

Classification.— The  classification  followed  is  that  of  Montice 
given  by  Braun  in  Bronn's  '  Klassen  und  Ordnung  des  Thierreiclu 

The  Cestoidea  Rudolphi  i8o8  are  divided  into  Cestoidaria  Moi 
celh  1892,  which  are  Cestodes  consisting  of  a  single  segment  o 
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taining  a  single  set  of  reproductive  organs,  and  Cestoda  sensu  strictu 
Monticelli  1892,  which  are  the  typical  cestodes  with  a  scolex  and 
segments.    The  subclass  Cestoda  are  divided  into  orders  as  follows  : 


■neses 


of  a 


SUBCLASS  CESTODA  SENSU  STRICTU  Monticelli  1892. 

Synonyms. — Pollaplasiogonei    E.    Blanchard,    Cestodes 
van  Beneden,  C.  polyzoa  Lang. 

Definition. — Cestodes  in  which  the  adult  worm  consists 
scolex  and  proglottides. 

Order  I.  Pseudophyllidea  Carus  1863. — Synonyms. — Bothrio- 
cephaloidea. — Scolex  armed  or  unarmed,  with  two  usually  slightly 
developed,  groove-like  suckers,  with  three  genital  orifices.  Vitel- 
laria  situated  laterally.     Eggs  with  or  without  a  lid. 

Order  II.  Tetraphyllidea  Carus. — Scolex  armed  or  unarmed, 
with  four  very  motile  pedunculated  or  sessile  bothridia,  or  with  four 
round  suckers  ;  no  uterine  orifice  ;  cirrus  and  vagina  open  at  the  sides. 
Vitellaria  situated  laterally. 

Order  III.  Cyclophyllidea  Van  Beneden. — Scolex  with  four 
suckers,  between  which  there  is  an  apical  rostellum  with  or  without 
hooks ;  segmentation  distinct ;  no  uterine  orifice ;  vitellogene  gland 
single,  placed  behind  the  ovary.     Eggs  without  lids. 

Order  IV.  Diphyllidea  Carus. — Head  stalk  armed  with  hook- 
lets,  with  scolex,  rostellum,  and  two  bothridia. 

Order  V.  Trypanorhyncea  Diesing. — Scolex  with  two  or  foui 
bothridia,  and  four  retractile  armed  rostella. 

The  oiily  orders  which  contain  parasites  found  in  man  are  I. 
and  III. 

CESTODES  IN  MAN. 

The  cestodes  which  are  found  in  man  may  be  classified  as  follows  : 

Species. 

D.  latus. 

D.  cordatus. 

D.  parvus. 

D.  grandis. 

S.  mansoni. 

S.  proliferum. 

S.  baxteri. 

B.  jassyensis. 

D.  caninum. 

H.  nana. 

H.  diminuta. 

H.  lanceolata, 

D.  madagascariensis 

D.  asiatica. 

T.  solium. 

T.  saginata. 

T.  africana. 

T.  hominis. 
,19.  T.  philippina. 
/20.  T.  confusa. 
\2i.  T.  bremneri. 
/22.  E.  granulosus. 
yz^.  E.  multilocularis. 


Order  and 
Family. 
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Two  tapeworms  are  not  included  in  this  list — Teenia  (Taer 
teniceformis  Bloch  1750,  a  tapeworm  found  in  cats,  and  T.  (Tar 
pisiformis  Bloch  1780,  a  tapeworm  found  in  rabbits — because 
definite  evidence  exists  that  man  has  ever  been  infected  by  them 

At  the  time  of  writing  man  alone  is  known  to  be  the  host  of  • 
adults  of  the  following  worms  :  Tcenia  solium,  T.  saginaia  (then 
probably  no  doubt  about  this),  Dibothriocephalus  parvus,  Hyme\ 
lepis  nana  (?),  Davainea  madagascariensis,  D.  asiatica,  T.  africa: 
T.  hominis,  T.  philippina,  T.  confusa,  T.  bremneri.  Other  ho 
may  yet  be  found. 

The  following  are  only  occasional  parasites  in  man :  Dibothr 
cephalus  latus  (true  host  the  dog),  D.  cordatus  (true  host  the  seal  a 
walrus),  Hymenolepis  diminufa  (true  host  the  rat  and  mous 
Drepanidotcenia  lanceolata  (true  host  ducks  and  geese). 

Therefore  in  man  there  is  the  question  of  intestinal  taeniases  to 
considered.  But  cysticerci  may  also  develop  in  man  from  T.  soKt 
and  Echinococcus  granulosus  and  multilocularis,  and  from  the  spec: 
of  Sparganum,  causing  somatic  taeniases.  Both  these  affectio 
will  be  considered  later,  as  will  the  treatment. 

It  must  be  noted  that  the  cysticercus  of  T.  saginata  and  of  T.  hya 
tigena  (a  worm  very  like  T.  solium,  and  common  in  dogs)  are  n 
included,  as  it  is  very  doubtful  whether  they  have  ever  been  foui 
in  man. 

Cysticercus  acanthotrias  Weinland  1858  is  the  same  as  C.  cellulo: 
— i.e.,  the  larva  of  T.  solium. 

The  following  tables,  modified  from  Stiles,  may  be  of  help 
enabling  a  human  cestode  to  be  recognized,  as  they  give  the  mea 
of  recognition  of  the  genera,  and  the  species  of  Tcenia,  as  determim 
by  the  head  or  the  segment,  and  also  a  scheme  for  recognizing  t] 
eggs. 

Table  of  Genera. 

A.  Head  with  two  elongated  or  slit-like  suckers  ;  uterus  forms  a  rosett 
genital  pores  ventral.     (Dibothriocephalida .) 

I.  Tapeworms. — Single   set   of   genital   and   uterine   pores   present 
medium  ventral  line.     {Dibothriocephalus.) 

Double   set   of    genital   and    uterine   pores   present  in   venti 
submedium  lines.     (Diplogonoponis.) 
II.  Plerocercoids.     (Sparganum.) 

B.  Head  with  four  cup-shaped  suckers  ;  uterus  does  not  form  a  rosett 
genital  pores  lateral.     [Tteniidts.) 

I.  Large  forms,  ripe  segments  9  to  35  millimetres  long.     Uterus  medi; 
with  lateral  branches.     (Tisnia.) 

II.  Smaller  forms,  ripe  segments  up  to  7  millimetres  long. 

(a)  Genital  pores  single,  rostellum  with  no  more  than  two  hool 
(i)  Suckers   not    armed.      Three    testes    in   each   segmer 

(Hymenolepis.) 
(2)  Suckers   armed  with   hooks,   15   to    50   testes   in  eai 
segment.     [Davainea.) 

(b)  Genital  poresjdouble,  rostellum  with  several  rows  of  hook 

(Dipylidium.) 
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Table  of  the  Species  of  Taenia  found  in  Man. 

A.  Specimen  is  a  Tapeworm. 
Head  Characters. 

I.  Head  armed  with  hooks.     Subgenus  :  Ta:nia.     Species  :  T.  solium. 

II.  Head  unarmed.     Subgenus  :   Ttuniorhynchus. 

(i)   Circular  ring  around  head  behind  the  suckers,  which  are  directed 

postero-anteriorly.     (T.  hominis.) 
{2)   Without  circular  ring. 

(a)  Head   cuboid,    1-5    to   2   milhmetres   in  diameter;   suckers, 

°'7  to  0-8  millimetre  in  transverse  diameter.     (T.  saginata). 

(b)  Head  small,   1-38  milhmetres  broad,   1-03  miUimetres  thick, 

0-47  milhmetre  long,  suckers,  0-63  millimetre  in  trans- 
verse diameter.     [T.  africana.) 

(c)  Head    small     cuboid,     i    to    1-5    millimetres    in    diameter; 

075  millimetre  thick,  and  i  millimetre  long.  Suckers, 
0-34  to  0-37  millimetre  in  transverse  diameter.  IT. 
philippina.) 

III.  Head  not  known.     (T.  confusa,  T.  bremneri.) 

Segment  Characters. 

I.  Segment  Longer  than  Broad. 

(a)  Only  in  the  last  lOo  segments.     (T.  saginata.)  '    . 

(b)  In  the  last  half  of  the  worm.     {T.  solium.) 

(c)  In  nearly  the  entire  worm.     (T.  confusa.) 
{d}  Always.      (T.  africana.) 

(e)   Known  segments  veryflarge,  28-6  by  8-5  milhmetres  on  an  average. 

{T.  bremneri.) 
(/)   Unknown.     (T.  hominis.) 

II.    Segment  Broader  than  Long. 
Except  in  the  terminal  segments,  which  are  equilateral  or  slightly 
longer  than  broad.     (T.  philippina.) 

B.  Specimen  is  a  Cysticercus. 
I.  Small  bladder-worm  with  one  scolex.     (Tcsnia.) 

(a)  Head  armed.     (T.  solium.) 

(b)  Head  unarmed  (very  rare,  if  ever  present).     (T.  saginata.) 

II.  Large  bladder-worm  with  brood  capsules,  inside  which  are  the  scolices : 
(Echinococcus.) 

C.  Specimen  is  an  Egg. 
I.  With  an  operculum.     (Dibrothriocephalidts.) 

68  to  71  ,ci  X  45  to  50  iJ,.     {D.  laius.) 

75  to  80  At  X  50  fi.     (D.  cordatus.) 

63  X  48  /t  to  50  |ii.  brownish.     (D.  grandis.) 

II.  Without  an  operculum  and  with  a  six-hooked  embryo.     (T<Bniidts.) 

Egg  with  a  thick,  radially-strated,  inner  shell  or  embryophore. 

(Tceniiniz.) 
{a)  Embryophore    round    or     oval,     39  X  33    /i.      Africa.      (T. 
africana.) 

(b)  Embryophore  oval,  whitish  to  yellow,  39  x  30  /j..     America. 

(T.  confusa.) 

(c)  Embryophore,  38  x  30-4  m-     Africa.     (T.  bremneri.) 

(d)  Embryophore  oval,   35  to  41   |U  x  26   to  35  ^.     Phihppines. 
:,,  (r.  philippina.) 
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(e)  Embryophore,  ovoid,  rusty  brown,  35   to  40  /u  x  20  to  3c 
Cosmopolitan  and  common.     (T.  saginata.) 

(/)  Embkyophore  almost  round  ;  brown  ;  3 1  to  36  /i.     Not 
common  in  the  tropics.     (T.  solium.) 

(g)  Egg     and     embryophore     unknown.     Asiatic     Russia. 
hominis.) 

III.   Egg  with  a  thin,  membranous  inner  shell., 
(i)  Not  in  Capsules.      (HymenoUpis.) 

(a)  Egg  oval  or  globular,  with  two  distinct  membranes — oui 

30  to  60  /i,  inner,  16  to  34  ii — mammillate  projection 

each  pole.     (H.  nana.) 
(h)   Egg  round  or  oval ;  outer  membrane,  54  to  86  /i  ;  yellowis 

may  be  radially  striated  ;   inner  membrane,  24  to  40  /u 

20  to  35  ix,  with  not  very  evident  mammillate  project 

at  each  pole.     (H.  diminuta.) 
(c)   Egg  oval  or  spherical  ;  outer  membrane,  50  to  100  M  x  35 

ICQ  /t ;  inner  membrane,  30  to  40  /u.  x  by  25  ii;  occasions 

polar  papillae  ;  very  rare  in  man.     (H.  lanceolata.) 

(2)  Egg  in  Capsules. 

(a)  Eight  to  twenty  eggs  ip  a  capsule  ;  egg  spherical,  43  to  5c 

(Dipylidium  caninum.) 

(b)  One  to  three  eggs  in  a  capsule,  with  calcareous  corpuscl 

Eggs  with  two  shells  and  two  mammillate  projectioi 
onchosphere,  8  /i.     (Davainea  madagascariensis.) 

f  (c)  Egg  capsules  without  calcareous  corpuscles  ;  mature  eggs  i 

''  '  observed.     {D.  asiatica.) 

ORDER  I.  PSEUDOPHYLLIDEA  Cams. 

This  order  has  three  families  :  (i)  Dibothriocephalidae  ;  (2)  Ptychobothriid 
(3)  Amphitretidae.     The  first  only  contains  human  parasites. 

Family  Dibothriocephalidae. — ^Pseudophyllidae,  with  variously  develoj 
suckers,  and  a  uterus  which  forms  a  rosette.  Eggs  with  opercula.  There  < 
two  subfamilies  with  species  found  in  man  :  (i)  Dibothriocephalin; 
(2)  LiguUnae. 

Subfamily  i.  DiBOTHRiocEPHALiN.ff;. — The  suckers  or  bothria  are  more 
less  definite  slit-like  furrows.  Proglottides  distinct,  and  drop  off  in  grou 
Genus  i.  Dibothriocephalus  ;  Genus  2.  Diplogonoporus  ;  Genus  3.  Sparganu 

Dibothpioeephalus  Luhe  1899. 

Synonyms. — Bothriocephalus  pro  parte  Rudolphi  1819,  Dibothritis  pro  pa 
Rudolphi  1819,  Dibothrium  pro  parte  Diesing  1850. 

Dibothriocephalinas,  with  a  more  or  less  elongated,  unarmed  scolex  w 
flat  suckers  cutting  deeply  into  the  head.  Single  genitalia  in  each  progloti 
(i)  Dibothriocephalus  latus  ;  (2)  D.  cordatus  ;  (3)  D.  cristatus  ;  (4)  D.  parvus. 

Dibothriocephalus  latus  L.  1748. 

Synonyms. — Tcenia  lata  L.  1748,  T.  vulgaris  L.  1748,  Bothriocephalus  la 
Bremser    18 19,   T.  grisea    Pallas    1796,  Dibothrium    latus   Diesing  1830, 
membraneacea  Pallas  1781,  B.  cristatus  Davaine  1874,  T.  tenella  Pallas  17I 
B.  balticus  Kiichenmeister  1855,  T.  dentata  Batsch   1786,  B.  latissimus  Bu 
1886. 

History. — This  tapeworm  has  long  been  known  in  Europfe,  especially 
French  Switzerland  and  the  Baltic  provinces,  Germany,  and  in  many  otl 
parts.  It  is,  however,  well  known  in  Asia,  Turkestan,  and  Japan  ;  in  Afr 
about  the  Lake  N'gami,  in  Madagascar,  and  in  North  America. 

It  occurs  in  man  and  dogs  and  cats. 

Morphology. — It  is  about  9  metres  in  length,  with  some  3,000  to  4,200  s 
ments  ;  colour  yellowish-grey.     Scolex  elongated,  almond-shaped  ;  2-5  mi 
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metres  in  length,  with  two  deep  laterally  placed  suckers.  Neck  very  narrow, 
and  of  variable  length.  \ 

4.1, ^T^^"^*^*^®®  ^^^^  broad  (lo  to  20  millimetres),  breadth  being  greater  than 
the  length  ;  postero-lateral  angles  project.  Testes  situated  dorsally  ;  vas 
deferens  has  a  vesicula  seminalis  and  a  cirrus  sac,  which  opens  dorsally. 
Vaginal  opening  directly  behind  this,  leading  into  a  receptaculum  seminis. 
Yolk  glands  in  pairs,  shell  gland  behind,  ovaries  on  each  side  of  the  median 
hne  behind.  Uterus  arranged  in  a  rosette,  with  four  to  six  convolutions,  and 
possesses  its  own  separate  opening.  The  genital  orifices  are  two  in  number ; 
a  transverse  slit  for  the  cirrus  pouch  and  the  vagina,  and  a  posterior  roundish 
opening  for  the  uterus.  Calcareous  bodies  present.  The  brown  eggs  are  oval, 
68  to  71  fiin  length,  and  45  /i  in  breadth,  with  an  operculum. 

Life-History. — The  egg  remains  undeveloped  for  a  longer  or  shorter  time 
according  to  circumstances,  and  eventually  a  six-hooked  onchosphere,  enclosed 
m  a  ciliated  embryophore,  escapes  through  the  lid  opening,  and  then  gets  into 
certain  fish,  particularly  Esox  lucius  (pike).  Lota  vulgaris  (Miller's  thumb), 
Perca  fluviafilis,  Salmo  umbla,  Trutta  vulgaris,  T.  lacustris,  Thymalis  vulgaris. 
Coregonus  lavaretus.  C.  albula  and  Onchorhynchus  perryi,  in  the  muscles  of  which 
it  becomes  a  plerocercoid  by  losing  its  cilia  and  booklets  and  elongating. 

When  these  fish  are  eaten,  the  plerocercoids  quickly  develop  into  the  tape- 
worm, eggs  appearing  in  the  faeces  in  some  twenty-one  to  twenty-four  days. 

Habitat. — Man,  dog,  cat,  and  fox. 

Pathogenesis. — It  produces  a  severe  form  of  anaemia,  together  with  fever 
(99°  to  104°  F.)  in  some  cases,  and  a  quick  pulse,  which  is  supposed  to  be  due  to 
the  action  of  a  toxin. 

Dibotlirioceplialus  cordatus  R.  Leuckart  1863. 

Synonym. — Bothriocephalus  cordatus  R.  Leuckart. 

The  parasite  is  commonly  found  in  the  seal,  the  walrus,  and  the  dog  in 
Greenland  and  Iceland.     It  may  infect  man. 

Morpliology. — The  principal  features  are  the  short,  broad,  heart-shaped 
head  with  the  grooves  on  the  flat  surface,  the  absence  of  the  neck,  and  the  length 
only  I  to  I J  metres.  Uterine  rosette,  with  six  to  eight  loops.  Eggs  with  lids 
75  M  in  length  by  50  ji  in  breadth. 

Dibotlirioceplialus  parvus  Stephens  1907. 

This  parasite  was  found  by  Elkington  in  Tasmania  in  1906  in  a  Syrian,  aged 
thirty-seven,  who  had  not  long  arrived  from  his  native  country. 

Morphology. — Scolex  not  known. 

Proglottides  with  clearly  defined,  central,  uterine  rosette,  with  four  to  five 
loops  on  each  side  of  the  median  hne  ;  largest  segment,  5  by  3  millimetres. 
Genital  atrium  0-4  to  0-5  millimetre  behind  the  anterior  margin  ;  uterine 
opening  same  distance  behind  the  genital  atrium.  Calcareous  bodies  were  not 
seen.     Eggs,  59  by  40  /x. 

Diplogonoporus  Lonnberg  1892. 

Synonym.— if >-fl66ea  R.  Blanchard  1894. 
■      Bothriocephalinje  with  short  scolex,  powerful  suckers  ,  no  neck,  and   two 
sets  of  genitalia  side  by  side  in  each  proglottis. 

Diplogonoporus  grandis  R.  Blanchard  1894. 

Synonym.— Bothriocephalus  (?)  Ijima  and  Karimoto,  Krabbea  R.  Blanchard. 
.  So  far  this  parasite  has  only  been  observed  twice  m  Japanese— m  Hioyo. 
Japan.  j  ■     t      w. 

Morphology.— Scolex  unknown.  Proglottis,  i  -5  millimetres  broad  m  front, 
and  2.5  millimetres  broad  behind  ;  very  short,  only  0-45  milhmetre.  I  wo 
ventral  grooves  on  either  side  of  the  median  Une  with  the  genital  pores. 
Uterus  with  few  loops.  Eggs  brown  ;  thick  shells.  63  to  48  m  m  length  and 
50  II.  in  breadth,  with  opercula. 
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Sparganum  Diesing  1850. 

Larval  stages  of  Dibothriocephalidse  which  have  not  reached  a 
stage  in  their  development  at  which  they  can  be  determined 
generically.  It  is  an  artificial  group :  Sparganum  mansoni,  S. 
proliferum,  S.  haxteri. 

Sparganum  mansoni  Cobbold  1883. 

Synonyms. — Ligula  mansoni  Cobbold  1883,  Bothriocephalus 
liguloides  R.  Leuckart  1886,  Dihothrium  mansoni  Ariola  1900. 

This  larva  was  found  by  Mansoh  while  making  a  post-mortem  on 
a  Chinaman  in  Amoy,  lying  under  the  peritoneum  near  the  kidneys 
and  over  the  iliac  fossae  ;  he  also  found  one  free  in  the  pleural 


Fig.   148. — Sparganum  baxteri  Sambon  from  Man. 
(After  Sambon.) 

cavity.     Scheube  discovered  another  specimen  in  the  urethra  of  a 
Japanese,  and  Sonsino  a  third  in  an  Egyptian  jackal. 

Morphology. — Long,  white,  ribbon-shaped  parasites,  with  feeble 
movements.  No  head  or  definite  structure  visible.  Length,  30  to 
35  centimetres ;  breadth,  3  to  12  millimetres.  At  the  broader  end 
there  is  a  sort  of  papilla.     There  is  no  reproduction  by  fission. 

Spargaiium  proliferum  Ijima  1905. 

Synonym. — Plerocercus  proliferum  Ijima  1905. 

In  1905  Ijima  found  this  worm  in  a  woman  living  near  Tokio,  and 
in  1907  Gates  found  the  same  or  a  similar  worm  in  a  man  in 
Manatee,  U.S.A..,  and  recently  Sambon  has  found  a  parasite  very 
much  lesembling  5.  proliferum  in  Cook's  tree-boa  [Cor alius  cookii). 

Morphology. — ^The  larva,  which  lies  enclosed  in  a  cyst,  may  attain 
I  to  12  millimetres  in  length  by  2 -5  millimetres  in  breadth.  The 
head  at  thp  narrow  end  is  mbtile,  and  capable  of  evagination  and 
invagination.     It  shows  an  apical  depression,  which  perhaps  serves 
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as  a  sucker,  but  there  are  no  true  suckers  or  other  organs    of 
attachment. 

Calcareous  spherical  corpuscles  can  be  found  anywhere,  except  in 
the  head.  No  genitalia  are  to  be  seen,  but  there  is  a  good  muscular 
and  excretory  system  and  food-reserve  bodies.  It  can  multiply  by 
transverse  division,  and  supernumerary 
heads  may  become  independent,  and  may 
assume  bizarre  and  irregular  shapes.  The 
adult  is  unknown. 

Habitat. — It  lives  in  the  subcutaneous 
tissue  and  elsewhere  in  man. 
'-  Pathogenesis. — It  produces  nodules  in  the 
skin  and  fascia  between  the  muscles  and  in 
the  abdominal  cavity.  Associated  with  these 
nodules  there  may  be  considerable  swelling  of 
the  integument,  and,  in  fact,  a  condition  not 
unlike  elephantiasis  may  arise.  Also  there  may  be  acne-like  spots 
all  over  the  body  causing  itching,  which  may  lead  to  the  escape 
of  a  worm  from  the  spot.  When  a  nodule  is  cut  open,  a  cyst  is 
found  containing  one  or  two  worms,  either  filled  with  a  watery  fluid, 
or  with  a  jelly  or  slime  like  substance.  Apparently  after  weeks  or 
months  the  cyst-wall  may  become  firm  and  thick,  and  encapsulate 
the  worms.  This  condition  may  last  for  years,  and  apparently  can 
kUl  the  victim,  who  may  be  literally  eaten  up  of  worms. 


Fig.     149. — Sparganum 

PROLIFERUM    IjIMA. 

(After  Stiles.) 


Sparganum  baxteri  Sambon  1907. 

This  Dibothriocephalid  larva  was  found  by  Baxter  in  an  abscess 
in  the  thigh  of  a  Masai  in  German  East  Africa. 


■■   Fig.  150.— Sparganum  baxteri  Sambon  from  Bins  nasicornis. 
(After  Sambon.)  ;  1 

Sambon  has  recently  found  a  parasite  exactly  hke  it  in  the  body 
cavitv  of  the  horned  viper  [Bitis  msicorms)  from  Afnca. 

•^  2< 2 
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Morphology. — It  has  a  long  unsegmented  body,  15  centimetres  in 
length  and  i  milUmetre  in  breadth,  with  numerous  irregular  trans- 
verse folds,  and  a  distinct  longitudinal  groove  on  the  ventral 
surface.  Anterior  extremity  is  2  millimetres  broad,  with  a  com- 
pletely invaginated  head ;  posterior  extremity,  i'2  millimetres 
broad,  with  a  shallow  medium  slit. 

Subfamily  2.  Ligulin^. 

Quite  recently  Lear  has  described  a  new  tapeworm  in  man  which  is  referred 
to  the  Ligulinse,  but  which  requires  a  new  genus,  and  is  called  Braumia 
jassyensis  Lear  1908. 

jORDER  III.  CYCLOPHYLLIDEA  Van  Beneden. 
There  is  only  one  family  with  human  parasites. 

FAMILY  T^ENDIIjE  Ludwig  1886. 
Scolex  globular  or  pyriform,  with  unarmed  suckers,  and  an  armed 
or  unarmed  rostellum.  Vagina  posterior  to  the  cirrus.  Mostly 
parasitic  in  mammals.  Larval  stage  a  cysticercus  or  cysticercoid. 
Subfamily  i.  Dipylidiinse;  Subfamily  2.  Davaineiinse ;  Subfamily  3. 
Taeniinse. 

Subfamily  i.  Dipylidiin^  Styles  1896. 

TceniidsE,  with  armed  rostellum  and  unarmed  suckers.  Genital 
pores  marginal.  Genitalia  simple  or  double.  Uterus  becomes  divided 
into  ovarium  follicles,  or  entirely  atrophied,  and,  the  eggs  are  set 
free  into  the  parenchyma.  Eggs  with  thin  transparent  shells,  with 
or  without  appendages. 

Genera. — (i)  Dipylidium  ;  (2)  Hymenolepis. 

Dipylidium  R.  Leuckart  1863. 

Dipylidiinse  of  medium  or  small  size,  with  retractile  rostellum 
armed  with  several  rings  of  alternating  hooks,  which  have  a  broad 
basis.  Genitalia  duplicated,  with  pores  on  each  side  of  a  proglottis. 
Eggs  with  a  double  shell. 

Dipylidium  caninum  Linnaeus  1758. 

Synonyms. — Tania  canina  Leuckart  1758,  Moniliformis  Pallas 
1781,  T.  cucumerina  Blochmann  1782,  T.  elliptica  Batsch  1786, 
Dipylidium  cucumerinum  Leuckart  1863. 

Dipylidium  is  frequently  found  in  the  dog  and  the  cat,  which  are 
its  proper  hosts  ;  in  man  it  is  only  an  accidental  and  rare  parasite, 
having  been  first  found  by  Dubois,  a  pupil  of  Linnaeus  in  1751. 
Melnikow  showed  that  the  scolex  was  to  be  found  in  the  dog-louse 
(Trichodectes  canis)  and  in  that  of  the  cat  [T.  subrostratus),  as  well 
as  in  the  dog-flea  {Ctenocephalus  canis  Curtis),  the  cat-flea  (C.  felinis 
Bouche),  and  in  that  of  man  (P.  irritans),  but  how  the  infection 
reaches  man  is  not  definitely  proved.     Recently  Blanchard  has 
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summarized  sixty  cases  in  man  up  to  the  year  1907,  most  of  which 
occur  among  young  children. 

Morphology. — It  measures  15  to  35  to  40  centimetres  in  length, 
and  the  segments  are  from  i'5  to  3  millimetres  in  breadth. 

The  scolex  has  the  typical  rostellum,  with  three  to  four  rings  of 
hooks,  diminishing  in  size  from  the  first  circle,  where  they  are  12  to 
15  fi,  to  the  last,  where  they  are  only  5  to  6  /*  in  length,  and  four 
suckers,  which  are  unarmed. 

The  genitalia  are  double,  with  spores  on  each  side.  The  eggs  are 
round,  from  43  to  50  /i.  in  diameter,  with  a  thin  shell. 

Life-History. — ^The  ripe  proglottides  by  their  own  movement  pass 
through  the  anus,  and  get  into  the  fur,  where  the  eggs  infect  the  dog 
and  cat  louse,  or  flea,  in  which  they  develop  into  cysticercoids 
(Cryptocystis  trichodectis  Villot  1882). 

The  dog  bites  the  louse  or  flea,  and  infects  itself,  and  may  pass  on 
the  cysticercoids  to  man  by  licking.  The  cat  licks  its  fur,  and  gets 
infected  in  that  manner. 

Blanchard  thinks  that  the  cat  spreads  the  parasite  by  infecting 
milk  with  the  cysticercoids  when  it  steals  a  drink  from  a  bowl,  the 
contents  of  which  are  afterwards  given  to  children. 

Hymenolepis  Weinland  1858. 

Synonym. — Diplacanthus  Weinland  1858,  nee  L.  Agassiz  1842. 

TseniidEB  with  small  head,  with  armed,  well-developed,  or  un- 
armed, rudimentary  rostellum.  Neck  long.  Proglottides  serrated, 
longer  than  broad.  Genital  pores  always  on  the  left.  Three  testes. 
Eggs  with  three  shells. 

Type. — H.  diminuta.  The  genus  possesses  two  subgenera, 
Hymenolepis  and  Drepanidotcenia. 

Subgenus  I.  Hymenolepis  Sensu  Strictu. 

With  the  characters  of  the  genus,  but  the  hooks  have  the  dorsal 
root  much  longer  than  the  ventral,  and  number  twenty-four  to 
thirty. 

Hymenolepis  (Hymenolepis)  diminuta  Rudolphi  1819. 

Synonyms.  —  Tania  diminuta  Rudolphi  1819,  T.  leptocephala 
Creptlin  1825,  T.  flavopundata  Weinland  1858,  T.  varesina  Parona 
1884,  T.  minima  Grassi  1886. 

It  is  a  parasite  of  Mus  norvegicus,  M.  musculus,  and  M.  rattus 
alexandrinus,  being  not  uncommon  in  rats  in  Ceylon. 

The  first  human  specimen  was  discharged  by  a  child  aged  nineteen 
months,  and  was  presented  to  the  Boston  Medical  Improvement 
Society  by  Dr.  Ezra  Palmer  in  1842.  Since  then  a  number  of  cases 
have  been  recorded  in  Philadelphia,  Sicily,  Italy,  France,  and  South 

A  Tin  (-'T'T  r*  3 

Morphology.— The  worm  measures  20  to  60  centimetres  in  length, 
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and  up  to  3-5  millimetres  in  breadth.  The  head  is  very  small,  only 
0'2  to  0-5  millimetre  in  diameter,  club-shaped,  and  has  a  rudi- 
mentary, unarmed  rostellum  and  four  elliptical  suckers.  The 
segments  measure  o-66  millimetre  in  length  by  3-5  millimetres  in 
breadth.  The  anterior  proglottides  show  a  yellow  spot  (hence  the 
name  T.  flavopundata) ,  caused  by  the  distended  receptaculum 
seminis.  The  posterior  proglottides  show  a  brownish-grey  colour, 
due  to  the  mature  uterus.  The  genital  pore  is  situated  laterally. 
The  eggs  are  oval,  with  a  diameter  of  about  60  /j.. 

Life-History. — It  is  a  common  parasite  in  rats  and  mice,  while  the 
cysticercus  lives  in  the  larva  and  imago  of  the  meal-moth  (Asopia 
farinalis),  in  an  earwig  [Anisolabis  annulipes),  and  [in  the  beetles 
Acts  spinosa  and  Scaurus  striatus. 

The  infection  in  man  is  mostly  among  infants  and  children. 

Hymenolepis  (Hymenolepis)  nana  Von  Siebold  1852. 

Synonyms. — Tania  murina  Dujardin  1845,  nee  Gmelin  1790; 
T.  nana  von  Siebold  1852,  nee  van  Beneden  1867  ;  T.  eegyptiaca 
Bilharz  1852  ;  Diplacanthus  nanus  Weinland  1858. 

This  is  the  dwarf  tapeworm  of  man,  and  was  discovered  by 
Bilharz  in  the  ileum  of  a  boy  who  died  of  meningitis  in  Cairo.  It  is 
found  in  Egypt,  Europe,  North  and  South  America,  Siam,  and  Japan, 
and  is  by  no  means  a  rare  parasite  in  man.  Calandruccio  estimates 
that  10  per  cent,  of  the  children  in  Sicily  are  affected.  Stiles  reports 
4'8  per  cent,  for  125  children  in  Washington.  The  number  found 
varies  from  one  or  two  to  several  thousands  in  one  individual. 

There  is  doubt  as  to  whether  this  worm  is  or  is  not  identical  with 
Hymenolepis  nana  fraterna  Stiles  1906,  which  is  common  in  rats  and 
mice.  Probably  it  is  distinct  from  this  parasite,  because  Grassi  and 
Looss  were  unable  to  transmit  it  to  mice. 

Morphology. — It  is  thesmallest  tapeworm inman,  measuring  only  10 
to  15  millimetres  in  length,  and  from  0-5  to  07  millimetre  in  breadth. 

The  head  is  globular,  and  provided  with  a  rosteUum  with  one  ring 
of  twenty-four  to  thirty  hooks,  which  are  very  small,  14  to  18  fi  in 
length.     The  neck  is  relatively  long. 

There  are  about  150  proglottides,  04  to  O'g  millimetre,  in  breadth 
and  o'oi4  to  0-030  millimetre  in  length.  The  genital  pore  is 
marginal.  The  mature  uterus  contains  about  thirty  or  more  eggs, 
which  are  oval,  and  measure  30  to  48  p.,  and  contain  onchospheres 
measuring  16  to  19  fi  in  diameter. 

Life-History. — It  is  believed  that  the  cysticercus  will  be  found 
in  some  insect. 

The  nearly  related  T.  nana  fraterna  completes  its  development 
entirely  in  the  rat,  for  the  cysticercus  develops  in  the  villus,  while 
the  adult  lies  in  the  lumen  of  the  intestine. 

Pathogenesis. — Owing  to  its  small  size  it  is  apt  to  be  overlooked, 
but  there  is  no  doubt  that  it  spreads  in  crowded  institutions  and 
poorer  families.     Apparently,  when  the  parasite  occurs  in  small 
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numbers,  no  symptoms  result,  but  in  considerable  numbers  dis- 
turbance may  occur,  which  has  been  assigned  by  Mingazzini  to  the 
effects  of  toxins. 

Treatment. — Male-fern  is  the  best  treatment  (vide  p.  393). 

Prophylaxis. — While  it  is  doubtful  whether  T.  nana  and  T.  nana 
fraterna  are  the  same  or  different  species,  it  will  be  necessary  to 
guard  against  the  contamination  of  food  by  rats  and  mice.  More- 
over, it  must  be  remembered  that  the  infection  spreads  in  crowded 
dwellings,  and  therefore  isolation  of  the  infected  child  should  be 
insisted  upon. 

Subgenus  2.  Drepanidotxnia  Railliet  1893. 

With  the  characters  of  the  genus,  but  the  hooks  have  a  dorsal 
root  much  larger  than  the  ventral,  and  are  only  eight  to  twenty 
in  number. 

Hymenolepis  (Drepanidotaenia)  lanceolata .  Blochmann  1782. 

Synonyms. — Tcenia  lanceolata  Blochmann  1782,  T.  anserum 
Frisch  1727,  T.  acutissima  Pallas  1781,  T.  anseris  Blochmann  1779, 
T.  lanceola  Batsch  1786,  Halysis  lanceolata  Blochmann  1803. 

It  is  common  in  ducks,,  geese,  and  other  birds,  including  the 
flamingo,  and  has  been  found  in  man  in  Europe. . 

Morphology. — It  is  about  30  to  130  millimetres  in  length  and 
5  to  18  millimetres  in  breadth,  with  a  very  small  globular  head. 
Eggs,  with  three  envelopes,  oval  {50  by  35  ^). 

Life-History.-^The  cysticercoid  lives  in  a  cyclops,  which  is  eaten 
by  ducks  and  geese. 

Subfamily- 2.  Davainein^  Braun  igoo. 
Rostellum  and  suckers  armed.     Eggs  mostly  encapsuled. 
G  enus. — Davainea . 

Davainea  R.  Blanchard  1891. 

Davaineinse,  with  a  globular  head,  armed  with  two  rings  of 
hammer-like  hooks  and  four  suckers,  surrounded  by  several  rmgs  of 

hooks. 
Species. — D.  madagascariensis  ;  D.  asiatica. 

Davainea  madagascariensis  Davaine  1869. 
Synonym. — Tcenia  madagascariensis  Davaine    1869,  T.  demara- 

riensis  Daniels  1895.  .      ,  u  i.  ht       h 

This  worm  was  first  discovered  by  Grenet  m  children  at  Mayotte 

(Gomores) .  -„       ,    ,    -vt      •  r>  -        j 

It  has  also  been  observed  in  Mauritius,  Bangkok,  Nossi-Be,  and 

British  Guiana. 
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Morphology. — ^The  worm  is  25  to  30  centimetres  in  length,  with 
a  maximum  breadth  of  1-4  milhmetres.  The  scolex  has  four  large 
suckers  and  a  rostellum,  with  ninety  hooks  (18/*  long).  The  pro- 
glottides number  from  500  to  700,  being  2  millimetres  long  by 
I '4  millimetres  broad.  Genital  pores  are  unilateral,  and  near  the 
proximal  corner.  Testes  number  about  fifty,  with  a  long  vas  deferens 
and  a  fusiform,  cirrus  pouch.  The  receptaculum  seminis  is  long 
and  broad.  The  uterus  is  composed  of  a  number  of  tubes,  rolled 
up  on  each  side  into  an  almost  spherical  coU.  When  mature,  these 
windings  uncoil  and  fill  the  proglottides  ;  then  they  lose  their  walls, 
and  the  eggs,  lying  free  in  the  parenchyma,  become  surrounded 
by  proliferating  cells^  which  form  capsules  for  them. 

As  many  as  300  to  400  of  these  capsules  may  exist  in  one  pro- 
glottis, arranged  in  transverse  rows. 

The  egg  consists  of  the  usual  two  membranes  and  an  onchosphere, 
which  is  8  by  15  /*. 

Life-History. — ^The  life-history  is  unknown,  but  it  is  suggested 
that  the  cysticercus  may  be  found  in  the  cockroach  {Periplaneta 
orientalis  or  P  americana). 

Allied  genera  are  common  in  rats,  hares,  fowls,  pigeons,  turkeys, 
pheasants,  partridges,  grouse,  and  other  birds. 

Davainea  asiatica  von  Linstow  1901. 

Synonym. — Tcsnia  asiatica  von  Linstow  1901. 

This  worm  was  found  in  a  person  in  Aschabad,  near  the  northern 
frontier  of  Persia,  and  consists  of  750  proglottides  without  a  head. 
The  genital  pores  all  lie  on  the  same  lateral  border.  The  testes  are 
globular,  the  cirrus  pouch  pyriform.  The  female  organs  lie  an- 
teriorly, with  a  large  ovary  and  a  small  vitellogene  gland.  There 
is  a  large  receptaculum  seminis.  The  uterus  breaks  into  sixty  to 
seventy  large  egg  folhcles.  Nothing  is  known  about  the  appearance 
of  the  mature  e^g,  or  about  the  life-history. 

Subfamily  3.  TvENiiNiE  Stiles  1896. 

Taeniidae,  usually  of  considerable  length,  with  segments  longer 
than  they  are  broad.  Scolex  with  either  a  rostellum  armed  or 
unarmed,  or  an  apical  sucker.  Genital  pores  irregularly  arranged 
on  the  lateral  borders.  Genitalia  single.  Testes  numerous,  placed 
laterally.  Ovary  shell  and  vitellogene  gland  situated  posteriorly. 
Uterus,  a  single  median  trunk,  from  which  lateral  branches  develop 
later.  Eggshell  thin ;  embryonic  envelope  (embryophore)  thick, 
with  radial  stripes.  Cysticercus  generally  in  herbivora,  adults  in 
carnivora. 

Taenia  Linnseus  1758. 

Tffiniinae  with  the  characters  of  the  subfamily.  The  genus  Tc^nia 
is  subdivided  into  three  subgenera  : 

Subgenus  i.  Tcenia  Linnseus  1758,     Type  :  Tcenia  soliufji. 
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Subgenus  2    Tceniarhynchus  Weinland  1858.    Type :  T.  (Tcenia- 
rhynchus)  sagtnata.  -^         ^^  ^ 

Subgenus    3.    Multiceps    Goeze    1782.     Type:    T.    IMulticeis) 

Taenia  (Tsenla)  solium  L.  1758. 
w!r."^r"^fs^;~'^'/''?I**i"x  ^u"^'  '766.  T.  pellucida  Goeze  1782,  T.  wi^an. 

wWlf  ^"""^  '  ■  °''^"J  ■!  '^^"''^'^  ^""^  ^  Syrian  term  sohusM,  meaning  a  chain,' 
finanv^nfn'f'.r'^  ""u'-'  Pi?^^"*  f°™  ^Y  being  first  turned  into  Arlbic  and 
finally  into  Latxn.     It  is  often  called  the  armed  tapeworm 

,  ^„  LT""™  '^  '^"^opolitan  in  its  distribution,  for  it  can  be  found  wherever 
r„^.Wn  .nH™^n  ?°  vf  ■  ^  t^*  cysticercus  lives  in  the  pig,  man,  and  rarely 
^^tlt\^^L^^-  ^^^  the  tapeworm  only  lives  in  man  Even  monkeys 
appear  not  to  be  capable  of  infection. 


It  seems  to  be  more  widespread  in  the  Tropics  than  in  the  Temperate  Zone. 
It^is  not  uncommon  m  Ceylon,  and  it  is  apparently  common  in  Panama. 

/ 


Morphology.— Length  usually 
2  to  3  metres,  but  may  reach 
8  metres.  Mature  segments 
measure  5  to  6  millimetres  in 
breadth.  Scolex  provided  with 
a  rostellum,  which  may  be 
pigmented  and  is  armed  with 
a  double  row  of  alternately  large 
and  small  hooks,  which  number 
from  twenty-two  to  thirty-two, 
and  with  four  hemispherical 
suckers.  The  neck  is  long.  Pro- 
glottides number  from  800  to 
900,  with  a  length  of  10,  to 
12  millimetres  in  mature  seg- 
ments. Genital  pore  lateral  and 
irregularly  alternate.  The  mature 
uterus  has  seven  to  ten  ramified 
lateral  branches,  and  contains 
three  ovaries,  the  third  being 
formed  by  subdivision  of  the  one 
on  the  side  of  the  genital  pore. 
31  to  38  /t  in  diameter, 


1  apparently  common  in  Panama. 


Fig.  151. — Proglottis  of  Taenia 

SOLIUM  L. 
(After  Stiles.) 

Eggs  globular,  pale  yellow  in  colour,  from 


Life-History. — The  adult  worm  lives  solely  in  the  human  intestines,  from 
which  the  onchosphere  with  their  envelopes  escape  in  the  faeces,  and  are 
apt  to  be  eaten  by  pigs,  or  these  may  be  infected  by  contaminated  food  or 
water.  The  cysticercus.  often  called  Cysticercus  celluloses  (synonym,  C. 
acanthotrias) ,  develop  in  the  flesh  of  the  pig.  If  this  flesh  is  eaten  in  an  under- 
cooked condition,  the  cysticercus  infects  the  human  being  and  forms  the  tape- 
worm. Occasionally  man  becomes  infected  with  Cysticercus  cellulosce,  most 
commonly  in  the  brain,  then  the  eye,  the  muscles,  liver,  lungs,  etc.,  where  they 
are  sometimes  few,  sometimes  numerous.  This  infection  must  be  due  to  con- 
taminated food  or  water. 

The  tapeworm  can  live  for  years  in  the  intestine  of  man.  A  variety  called. 
T.  solium,  var.  abietina  Weinland,  originally  found  in  a  Chippewa  Indian, 
belongs  probably  to  this  species. 

Pathogenesis. — The  intestinal  symptoms  are  not  severe,  but  colicky  pains . 
and  diarrhoea  alternate  with  constipation.     The  patient  may  slowly  emaciate. 
The  danger  of  this  infection  is  the  entry  of  eggs  into  the  human  being  and 
the  formation  of  cysticerci  in  the  organs. 

Treatment. — ^Warn  the  person  affected  to  be  very  careful  to  keep  his  hands 
clean,  and  to  avoid  infecting  himself  and  other  people  with  eggs.     Kill  the 
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tapeworm  with  extract  of  male-fern  given  in  capsules  (four  to  eight  of 
10  minims  each),  or  in  emulsion  on  an  empty  stomach,  and  followed  after 
four  to  six  hours  by  a  saline  purgative. 

Prophylaxis. — Faeces  should  be  so  treated  as  not  to  infect  pigs,  and  the  flesh 
of  these  animals  should  be  carefully  cooked. 

Taenia  (Taeniorliynehus)  saginata  Goeze  17S2. 

Synonyms. — T.  solium  Linnaeus  1767  p.p.,  T.  cucurhitina  Pallas  1781  p.p., 
T.  mermis  Brera  1802,  T.  deniaia  Nicolai  1830,  T.  lata  Pruner  1847,  Bothrio- 
cephalus  tropicus  SchmidtmuUer  1847,  2".  mediocanellata  Kiichenmeister 
1855,  T.  zittavensis  Kiichenmeister  1855,  T.  tropica  Moquin-Tandon  i860. 

This  is  the  unarmed  beef-worm  or  the  fat  tapeworm,  which  has  a  cosmo- 
politan distribution,  the  adult  being  known  only  in  man  and  the  cysticercus 

in  cattle,  though  it  can  be  produced  experiment- 
ally in  a  number  of  animals.  It  is  very  common 
in  the  tropics,  especially  in  Africa  and  Asia. 

Morphology. — It  measures  4  to  8  to  10  metres 
in  length,  and  has  been  said  to  attain  much 
greater  length.  A  mature  segment  is  47  milli- 
metres in  breadth.  The  head  possesses  four 
hemispherical,  often  pigmented,  suckers,  and  a 
sucker  in  place  of  a  rostellum.  The  neck  is 
long.  The  proglottides  number  about  1,000 
segments,  with  a  length  of  about  16  to  20  milli- 
metres when  mature.  The  genital  pores  are 
arranged  irregularly  at  the  sides,rand  the  median 
uterus  produces  twenty  to  thirty-five  ramified 
lateral  branches.  Malformations  of  the  segments 
are  not  uncommon.  Eggs  globular,  often  with 
the  original  shell,  to  which  may  be  attached  one 
to  two  filaments  and  the  two  embryonic  en- 
velopes, as  well  as  the  onchosphere.  The  inner 
embryonic  envelope  is  oval,  striated,  measures 
30  to  40  li  in  length  by  20  to  30  ji  in  breadth. 
Segments  can  escape  per  anum  by  their  own  action. 

Life-History. — The  adult  worm  lives  in  man,  and  the  embryophore,  escaping 
in  the  faeces,  enters  cattle  by  means  of  contaminated  food  or  water,  and 
develops  in  their  muscles  into  the  Cysticercus  bovis,  which  is  rather  small — 
only  7-5  to  9  millimetres  in  length  and  S'S  millimetres  in  breadth.  The  tongue 
and  the  muscles  of  mastication,  especially  the  pterygoids,  are  chiefly  affected. 
Man  becomes  infected  by  eating  under-cooked  meat.  It  can  live  in  him 
for  a  number  of  years.     The  cysticercus  very  rarely  occurs  in  man. 

Pathogenesis. — It  is  believed  to  be  more  difificult  to  kill  medicinally  than 
T.  solium  and  to  produce  more  severe  anemia. 
Treatment. — As  for  T.  solium. 

Prophylaxis. — Prevent  human  faeces  contaminating  the  food  of  cattle,  and 
have  the  meat,  especially  the  tongue  and  the  pterygoid  muscle,  inspected  in 
the  slaughter-house. 


Fig.  152. — Proglottis  of 
t^nia  saginata  goeze. 

(After  Stiles.) 


Taenia  (Taeniorhynehus)  afrieana  von  Linstow  1900. 

Two  specimens  of  this  worm  were  found  in  a  negro  in  German 
East  Africa,  at  Langenburg,  near  Lake  Nyassa. 

Morphology. — It  is  about  1-4  metres  in  length.  The  scolex  is 
provided  with  an  apical  sucker  in  place  of  a  rostellum,  and  also  with 
four  ordinary  suckers.  The  neck  is  very  short.  The  proglottides 
vary  in  length  and  breadth,  according  to  position,,  but  are  always 
broader  than  they  are  long. 
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The  ripe  segments  are  9  millimetres  broad  by  1-20  millimetres 
thick.  Their  mimber  is  about  600.  The  genital  pore  is  irregularly 
alternate  on  the  lateral  border.  The  testes  are  very  numerous,  and 
the  vas  deferens  much  convoluted,  with  a  thick,  pear-shaped  cirrus 
pouch.  The  cirras  is  beset  with  bristles,  as  is  the  vagina.  The 
receptaculum  seminis  is  large.  The  ovary  is  large  and  double,  and 
the  vitellogene  gland  is  situated  at  the  posterior  border.  The 
mature  uterus  consists  of  a  median  portion  with  fifteen  to  twenty- 
four  non-ramified  lateral  branches. 

The  embryophore  is  thick,  with  radial  markings,  round  or  oval 
(39  by  33  i"). 

Life- History.— The  life-history  is  not  known,  but  it  is  suggested 
that  the  cysticercus  may  live  in  Bos  indicus,  the  hump-backed 
cow,  the  flesh  of  which  the  natives  of  East  Africa  eat  raw. 

Taenia  (Tseniorhynchus)  hominis  von  Linstow  1902. 

This  worm  was  found  by  Anger  in  a  man  in  Aschabad  in  Siberia. 

The  length  was  70  millimetres.  The  scolex  had  a  rudimentary  rostellum 
without  hooks.  There  were  four  unpigmented  suckers,  behind  which  there  was 
a  ring-shaped  swelling.     Nothing  further  is  known  about  this  parasite. 

Taenia  (Taeniorhynchus)  philippina  Garrison  1907. 

This  specimen  was  found  by  Hare  in  a  prisoner  in  Bilibid  prison, 
in  the  Philippine  Islands,  in  1905. 

Morphology. — ^The  length  is  80  to  .100  centimetres  ;  maximum 
breadth,  i  centimetre.  Head  cuboid,  with  an  unarmed  retractile 
rostellum  and  four  suckers.  Neck  segmented.  Proglottides 
number  about  800,  being  sexually  mature  about  the  470th.  Mature 
proglottides  4  to  5  millimetres  in  width  and  o'8  to  i  millimetre 
in  length.  Surfaces  and  margins  extend  posteriorly  in  an  elongated 
cuff-like  projection  over  the  succeeding  segment.  Testes  130  to 
160  fi  in  length,  and  from  60  to  80  /^  in  breadth.  Vas  deferens  without 
vesicula  seminalis  ;  cirrus  and  pouch  present.  Genital  pore  situated 
irregularly  on  the  lateral  borders.  Ovaries,  with  two  unequal 
transversely  elongated  lobes,  close  against  the  vitellogene  gland. 
Vagina  without  setae  and  with  two  coils.  Uterus  stem  with  a 
V-shaped  course  posteriorly,  and  with  four  to  six  distinct  coils 
anteriorly.  Mature  uterus  very  compact,  with  a  median  stem  and 
numerous  long,  slender  dichotomous  branches. 

Embryophore  oval,  35  to  41  /^  long,  and  26  to  35  /i  broad. 

Life  Cycle. — Life-history  not  known. 

T»nia  confusa  Ward  1896. 

This  worm  has  so  far  only  been  found  in  Lincoln,  Nebraska,  U.S.A. 

Morphology. — Length  about  8|  metres,  breadth  5  millimetres,  scolex 
unknown.  Segments  much  longer  than  they  are  broad,  27  to  35  millimetres 
long  by  3-5  to  5  millimetres  broad.  Genital  pore  irregularly  placed  behind 
the  middle  of  the  lateral  border.  Testes' numerous,  vas  deferens  not  much 
coiled,  cirrus  pouch  thick-walled.  Cirrus  beset  with  little  hairs.  Recepta- 
culum seminis  globular ;  ovary  small  and  double,  bean-shaped.     Vitellogene 
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gland  narrow  and  triangular ;  shell  gland  globular.     Uterus,  when  mature, 
consists  of  a  median  trunk,  and  fourteen  to  eighteen  short  dichotomous  branches 
on  each  side.     Embryophores  are  oval,  thick,  and  striated  (39  by  30  11). 
Life  Cycle. — Nothing  is  known. 

Taenia  bremneri  Stephens  1907. 

This  worm  was  found  by  Dr.  Bremner  in  a  FuUani  woman  in 
Northern  Nigeria. 

morphology. — ^Thg  head  is  not  known.  The  segments  examined 
measured,  on  an  average,  28  6  by  8 '5  millimetres,  but  ranged  from 
21  by  6  millimetres  to  32  by  29  millimetres  in  size.  The  central 
uterine  axis  has  twenty-two  to  twenty-four  ramified  lateral 
branches,  and  one  terminal  branch  with  four  to  five  ramifications. 
The  genital  pore  is  prominent,  and  lies  behind  the  middle  of  the 
segment.     Eggs  measure  on  an  average  38  by  30'4  jj.. 

Life  Cycle. — Nothing  is  known  at  present  about  the  life-history. 

Eehinoeoeeus  Rudolphi  1802. 

Synonym. — AcephalocysHs  Laennec  1804. 

Species. — Eehinoeoeeus  granulosus  Batsch  1786,  E.  muUilocularis  Huber 
1896. 

Kchinococcus  granulosus  Batsch  1786. 

Synonyms. — Tmnia  eehinoeoeeus  Zeder  1803,  Siebold  1853;  T.  nana 
van  Beneden  1861,  nee  Siebold  1853  ;  Eehinocoecifer  eehinoeoeeus  Weinland 
1861. 

Hydatid  disease  appears  to  have  been  known  since  the  days  of  Hippo- 
crates. In  1684  Redi  suggested  "that  the  cysts  were  animal  in  origin,  and  in 
1760-67  Pallas  clearly  siiowed  their  relationship  to  tapeworms  (Ttsnia 
hydatigena). 

It  appears  doubtful  whether  there  are  two  species  of  worms  associated  with 
hydatid  disease,  but  the  appearance  of  the  larvs  and  the  geographical  dis- 
tribution tend  to  separate  the  genus  into  two  species. 

Eehinoeoeeus  granulosus  causes  the  cystic  form  of  hydatid  disease,  which 
is  found  most  markedly  in  Iceland  and  Australia,  but  also  exists  all  over 
Europe,  and  is  known  in  New  Zealand.  It  is  rare  in  India,  and  the  only 
case  we  have  seen  in  Ceylon  came  from  South  Africa,  where  it  occvurs ;  but 
Begbie  has  recently  described  another  case  in  Ceylon.  It  is  known  in  the 
Philippine  Islands,  and  is  not  uncommon  in  Egypt  and  Algeria.  The  mature 
worm,  which  is  very  small,  Uves  in  the  small  bowel  of  the  dog,  the  jackal,  and 
the  wolf  in  large  numbers,  while  the  cysticercus  is  found  in  man,  sheep,  ox, 
and  pig. 

Morphology. — It  is  very  small,  only  2'S  to  5  to  6  millimetres  in  length,  and 
is  composed  only  of  a  scolex  and  three  to  four  segments.  The  scolex  has  four 
suckers  and  a  rostellum  armed  with  a  double  row  of  twenty-eight  to  fifty  hooks, 
which  vary  in  size,  the  larger  being  40  to  45  ij.  in  length,  and  the  smaller  30  tD 
38  /i  in  length.     The  genital  pores  alternate. 

The  testes  are  numerous,  the  vas  deferens  spirally  coiled,  the  vitellogene 
gland  double,  the  shell  gland  round.  The  mature  uterus  has  only  lateral  pro- 
tuberances, no  true  branches,  and  the  eggs  may  form  heaps. 

The  egg  is  globular,  30  to  36  li  in  diameter. 

Life  Cycle. — The  dog  infects  man  with  the  onchospheres,  usually  directly 
when  being  petted.  Infection  may,  however,  be  brought  about  by  contami- 
nated food. 

On  arrival  in  the  stomach,  the  onchosphere  escapes  from  its  embryophore 
md  bores  its  way  into  the  liver  or  some  other  organ.  Here  it  grows,  and 
forms  a  cyst  with  a  thick  outer  cuticle,  inside  which  is  fluid  enclosed  by  a  layer 
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of  parenchyma,  the  endocyst,  composed  of  two  layers  of  cells.  The  irritation 
caused  by  the  growth  of  this  cyst  produces  a  connective-tissue  coat  formed 
by  the  organ  in  which  the  cyst  is  growing.  The  cyst  in  this  condition  is  called 
an  acephalocyst  (Echinococcus  cysticus  steriUs),  and  is  often  found  in  cattle 

i  he  next  stage  is  the  formation  of  the  brood  capsule.  The  inner  layer  of 
the  endocyst  grows  inwards,  forming  large  numbers  of  small  hollow  capsules 
(brood  capsules),  which  have  the  endocyst  externally  and  the  cuticle  internally. 
On  these  capsules  heads  develop.  The  cyst  now  forms  the  Echinococcus 
cysticus  ferhhs,  found  in  domestic  animals. 

In  man,  however,  daughter-cysts  appear  between  the  strata  of  the  cuticle, 
into  which  cells  belonging  to  the  endocyst  have  found  their  way  and  formed 
cysts,  with  an  external  cuticulax  and  an  internal  parenchymal  layer.  These 
cysts  may,  of  course,  bulge,  and  escape  externally  or  internally.  If  exter- 
nally, they  then  Ue  between  the  capsule  and  the  mother-cyst  and  form  Echino- 
coccus hydatidosus  exogenus,  or  if  internally,  they  fall  into  the  interior  of  the 
mother-cyst  and  form  Echinococcus  hydatidosus  endogenus.  These  daughter- 
cysts  may  remain  sterile  or  produce  brood  capsules  and  heads.  Grand- 
daughter-cysts may  be  formed  in  the  same  way.  The  wall  of  the  mother-cyst 
may  disappear,  leaving  the  daughter-cysts  free. 

Of  all  these  varieties,  the  endogenous  cyst  is  the  most  common.  It  may 
reach  several  pounds  in  weight,  with  hundreds  of  daughter-cysts. 

It  is  believed  that  the  usual  cycle  of  life-history  takes  place  in  the  dog 
and  the  sheep.  Manson  suspects  the  jackal  in  India  as  a  spreader  of  the 
disease  to  man.  StirUng  and  Verco  lay  down  the  following  factors  as  necessary 
for  the  spread  of  the  disease  : 

1 .  Sufficiency  of  infected  dogs. 

2.  Domestic  herbivora,  especially  sheep,  as  intermediary  hosts. 

3.  Conditions  favourable  for  the  transmission  of  the  parasite  from  the  dog 
to  man. 

4.  Facility  of  access  of  dogs  to  infected  carcasses. 

Perhaps,  however,  the  eggs  gain  access  to  the  human  body  through  con- 
taminated food  and  dust. 

Pathogenesis. — The  cysts  grow  but  slowly,  consequently  organs  adapt 
themselves  to  the  pressure,  so  that  symptoms  may  be  wanting  and  depend 
entirely  upon  whether  the  organ  can  or  cannot  expand. 

If,  however,  fluid  escapes  from  a  cyst,  urticarial  eruptions,  or  even  rigors, 
with  local  pain  and  tenderness,  may  result. 

Prophylaxis. — Prophylaxis  must  be  on  the  lines  indicated  by  the  factors 
above  mentioned — viz.,  registration  of  dogs,  destruction  of  pariah  dogs,  non- 
feeding  of  dogs  with  raw  meat,  clean  kennels,  non-handling  of  dogs. 

Echinococcus  multilocularis  Leuckart  1863. 

Synonym. — Echinococcus  osteohlaster  Huber  1896. 

This  is  the  parasite  which  causes  the  alveolar  or  multilocular  form  of 
hydatid  disease,  which  is  very  different  from  the  ordinary  form.  The  disease 
was  first  observed  by  Ruysch  in  1721,  and  was  generally  looked  upon  as  a 
colloid  cancer,  until  Virchow  in  1856  showed  that  it  had  its  origin  in  a  worm. 
Mangold  and  Miiller  consider  that  by  feeding  experiments  they  obtained  from 
it  a  Tcenia  different  from  E.  granulosus  in  the  hooks  and  the  distribution  of 
the  ova. 

Melnikow-Raswedenkow  gives  quite  a  different  life-history  for  this  parasite, 
which,  if  correct,  will  make  it  a  new  species.  Further,  there  is  the  support  of 
Stiles,  Stirling,  Verco,  and  others  for  the  differentiation  of  the  parasites  from 
one  another. 

This  form  of  hydatids  occurs  in  man,  sheep,  and  pigs,  but  principally  in 
large  cattle. 

The  geographical  distribution  is  interesting,  it  being  mostly  found  in  South 
Germany,  Switzerland,  the  Austrian  Alpine  region,  Russia,  and  East  Siberia, 
in  which  districts  it  occurs  in  large  cattle  and  man,  whereas  it  is  absent  from 
Iceland  and  AustraUa  and  European  districts  where  sheep  are  common  and 
where  the  other  form  is  frequently  met  with. 
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Morphology. — Melnikow-Raswedenkow  says  that  the  cysts  are  composed 
of  parenchyma  internally  and  externally,  the  latter  being  in  direct  contact 
with  the  tissue  of  the  host,  and  producing,  it  is  said,  not  merely  scolices,  but 
immature  amoeboid  embryos,  which  spread  the  cyst  by  continuity,  or  may 
enter  the  blood-stream  and  form  metastases. 

An  amoeboid  embryo  develops  into  a  much-folded  chitinous  vesicle,  having 
parenchyma  both  internally  and  externally.  This  parenchyma  produces 
poisons  which  act  upon  the  host.  The  cyst  is  looked  upon  as  the  homologue 
of  a  ripe  proglottis,  because  it  can  produce  living  embryos,  for  the  parenchyma 
can  form  scolices,  immature  embryos  without  a  capsule,  and  matiure  ovoid 
embryos  enclosed  in  a  chitinous  capsule. 

The  scolices,  however,  are  frequently  destroyed  by  phagocytosis,  because 
they  are  situated  in  direct  contact  with  the  host's  tissues.  Hence  the  failure 
of  feeding  experiments,  as  the  scohces  arrive  in  the  intestine  damaged. 

The  result  of  this  development  is  to  produce  a  collection  cif  cysts,  measuring 
from  o'l  to  5  millimetres  in  diameter,  embedded  in  connective  tissue.  Dis- 
integration may  begin  in  the  centre  of  the  masses  of  the  cysts.  Whether  the 
TanitB  obtained  by  feeding  experiments  are  the  same  as  T.  echinococcus  or 
not  is  uncertain. 

Pathogenesis. — It  produces  a  primary  tumour  in  the  Uver,  brain,  spleen, 
kidney,  or  adrenals,  with  metastases  in  diflEerent  parts  of  the  body.  The 
symptoms  produced  vary  with  the  region  affected,  but  eventually,  perhaps 
after  years,  lead  to  anaemia,  emaciation,  and  weakness,  which  cause  death. 
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CHAPTER  XVI 

BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 
— NEMATHELMINTHES 

Nemathelminthes  —  Nematoda  —  Anguillulidae  —  Angiostomidae  —  Gnathos- 
tomidse  ■ —  Filariidae  —  Mermithidae  —  TrichinelUdae  —  Strongylidae — 
AscaridsE  —  Gordiacea  —  Acanthocephala  —  References. 

PHYLUM  II.  NEMATHELMINTHES 

Metazoa,  worm-like  in  form,  tubular,  or  filiform,  unsegmented,  but 
covered  with  a  cuticle  which  may  be' ringed.  Without  appendages 
or  limbs,  but  usually  with  bristles,  hooks,  papillse,  or,  rarely,  suckers. 
Usually  with  an  alimentary  canal,  but  without  any  closed  vascular 
system,  and  without  respiratory  organs.  With  an  almost  complete 
absence  of  cilia.  Sexes  are  separate.  Usually  parasitic  through 
some  part  of  the  life  cycle,  in  which  the  larvse  develop  in  a  different 
host  or  organ  from  that  occupied  by  the  adult.  The  larvse  may  be 
free  and  the  adult  parasitic,  or  vice  versa. 

The  Nemathelminthes  are  extremely  important  to  the  student  of 
tropical  medicine,  for  they  include  some  of  the  most  potent  agents 
of  disease — e.g.,  Agchylostoma  duodenale  and  the  Filariidce.  Recent 
researches  have  shown  that,  no  matter  how  common  the  worm 
may  appear  to  be,  it  is  advisable  to  carefully  study  it,  as  it  has 
been  found  that  several  species  and  genera  have  been  included 
in  an  old  species  which  was  thought  to  be  so  well  known  that 
nothing  new  could  be  discovered  concerning  it — e.g.,  Ascaris  lum- 
bricoides,  in  examining  specimens  of  which  Leiper  has  separated  two 
new  genei^a. 

The  Nemathelminthes  can  be  divided  into  two  classes  : 

Class  I. — Anterior  end  not  provided  with  an  armed  proboscis ; 
intestine  present  either  complete  or  in  part  rudimentary. 

This  class  includes  two  orders  : 

Order  i.  Nematoda. 
Order  2.  Gordiacea. 

Class  II.— Anterior  end  provided  with  an,  armed  proboscis ; 
intestine  absent. 

Order  3.  Acanthocephala. 
400 
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CLASS   1. 
ORDER  I.  NEMATODA. 

Nemathelminthes  with  white  fiHform  bodies,  with  usually  a  com- 
plete alimentary  canal  in  the  adults,  but  sometimes  this  may  be 
represented  by  only  an  oesophagus  and  a  rudimentary  intestine  ; 
with  papillae  on  the  head.  The  male  with  one  testis",  a  strongly 
recurved  posterior  extremity,  and  usually  spicules.  The  female 
with  a  vulva  distinct  from  the  anus,  except  in  the  Cloacinae. 

The  Nematoda  are  parasitic,  as  a  rule,  but  minute  forms  can  be 
met  with  in  moist  soil  all  over  the  world.  The  body  is  enclosed  in 
a  thick,  transparent,  smooth,  or  ringed  cuticle,  which  may  form 
hooks,  spines,  or  lateral  fins. 

Under  the  cuticle  comes  a  syncytium  called  the  epidermis,  under 
which  is  the  peculiar  muscular  layer  cut  into  four  quadrants  by 
thickenings  of  the  epidermis,  which  project  inwards,  surrounding 
dorsally  and  ventrally  a  nerve  cord,  and  laterally  an  excretory  canal. 
Under  the  skin  comes  the  large  uncjivided  body  cavity,  which  is  not 
of  the  nature  of  a  true  coelom,  as  it  is  not  between  the  two  layers 
of  the  mesoblast,  but  between  mesoblast  externally  and  hypoblast 
internally,  and  contains  a  fluid  which  may  represent  the  hsemolymph 
fluids  of  higher  animals. 

The  digestive  system  consists  of  a  mouth  situated  at  the 
anterior  end,  and  surrounded  by  two  to  six  lips,  which  opens 
into  a  thick  muscular  suctorial  oesophagus  lined  with  chitin,  the 
posterior  part  of  which  may  be  swollen  into  a  bulb  and  armed  with 
teeth. 

The  oesophagus  opens  into  the  intestine,  which  is  a  flattened 
tube  leading  to  the  short  rectum,  which  ends  in  the  anus. 

The  excretory  system  consists  of  two  tubes  lying  in  the  lateral 
line,  and  uniting  anteriorly  to  open  in  a  pore  situated  in  the  mid- 
ventral  line  just  behind  the  mouth. 

The  nervous  system  consists  of  a  circumcesophageal  ring,  with  six 
anterior  and  six  posterior  nerve  trunks. 

The  sexes  are  separate.  The  male  reproductive  organs  consist 
of  one  tube  divisible  into  testes,  vas  deferens,  vesicula  seminalis, 
and  ductus  ejaculatorius,  which  opens  on  the  ventral  surface  of  the 
rectum  close  to  the  anus,  while  the  posterior  end  of  the  body  is 
modified  for  sexual  purpose  with  spines  and  papillae.  The  fernale 
reproductive  organs  consist  of  two  much-coiled  tubes  divisible  into 
ovary,  oviduct,  and  uterus,  which  join  together  to  form  the  simple 
vagina,  which  opens  about  the  middle  of  the  body  in  the  mid- ventral 
line,  or  just  in  front  of  the  anus. 

Biology.— They  appear  to  live  upon  the  juices  of  the  part  of  the 
body  in  which  they  are  found.  Generally  this  is  the  intestine,  the 
contents  of  which  supply  them  with  ample  food.  But  some  of  them 
are  capable  of  entering  the  villi  of  the  intestine. 

Life-History.— Sometimes  the  life-history  is  fairly  simple,  or  is 
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supposed  to  be  so,  for  it  is  possible  that  we  are  not  well  acquainted 
with  details. 

Other  life-histories  are  most  complicated,  and  must  be  dealt  with 
in  detail. 

Pathogenesis. — Some  of  the  worms  are  markedly  pathogenic, 
while  others  usually  produce  but  slight  effects. 

Classification. — ^The  Nematoda  are  classified  into  the  families  :_ 
(i)  Enoplidse,  (2)  Anguillulidse,  (3)  Angiostomidae,  (4)  Gnathosto-" 
midse,  (5)  Filariidae,  (6)  Mermithidae,  (7)  Trichinellidae,  (8)  Strongy- 
lidse,  (9)  Ascaridae. 

The  Enoplidse  are  free-living,  and  do  not  concern  us. 

The  following  table  gives  the  parasites  known  in  man,  excluding 
a  number  of  doubtful  Filariidse  : 


Family. 

Anguillulidae 

Angiostomidae 
Gnathostomidae 


Filariidae 


Trichinellidae 


Strongylidae 


Ascaridae 


Genus  and  Subgenus. 
Anguillula 
Anguillulina  . . 
Rhabditis 
Leptodera 
Strongyloides 
Gnathostoma 


Filaria 


Loa 

Hamularia 

Microfilaria     . . 

,  Agamofilaria  . . 

Trichinella 
Trichuris 
r  Dioctophyme 
Strongylus 
Metastrongylus 

Trichostrongylus 

Agchylostoma 
Necator 

Triodontophorus 
CEsophagostomum 

Physaloptera 

Ascaris 

Toxascaris 
Belascaris 
Oxyuris 


Species. 

A.  aceti. 

A.  putrefaciens. 

R.  niellyi. 

L.  pelUo. 

S.  intestinalis. 

G.  Siamese. 

F.  bancrofti. 

F.  perstans. 

F.  demarquai. 

F.  magalhaesi. 

F.  medinensis. 

F.  volvulus. 

F.  conjunctivus. 

F.  taniguchi. 

F.  labialis. 

F.  loa. 

F.  equi. 
/  F.  powelli. 
[  F.  philippinensis. 
/  F.  oculi. 
\  F.  georgiana. 

T.  spiralis. 

T.  trichiura. 

D.  renale. 

S.  gibsoui. 

M.  apri. 

T.  instabilis. 

T.  probolurus. 

T.  vitrinus. 

A.  duodenale. 

N.  americana. 

T.  deminutus. 

O.  brumpti. 

P.  caucasica. 

P.  mordens. 

A.  lumbricoides. 

A.  maritima. 

A.  texana. 
T.  canis. 

B.  mystax. 

O.  vermicularis. 
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Family  2.  Anguillulid^. 

Very  small  Nematoda,  mostly  free-living,  rarely  parasitic,  with 
an  oral  cavity  armed  with  a  tooth  or  sping,  and  an  cesophagus  with 
a  double  dilatation.  Male  with  two  spicules,  and  sometimes  2 
bursa  copulatrix.  Female  with  a  pointed  tail,  and  a  vulva  situatec 
in  the  middle  of  the  body. 

Genera.— (i)  Anguillula,  (3)  Angmllulina,  (3)  Rhabditis,  (4)  Lei)- 
toaera. 

Anguillula  Ehrenberg  1826. 

Anguillulidffi  with  small  mouth,  oesophagus  with  two  dilatations  of  which 
the  posterior  has  valves.  Male  without  bursa,  spicules  with  accessory  piece' 
feather-shaped.  Female  with  the  vulva  in  the  hinder  portion  of  the  bodv ' 
uterus  asymmetrical.  ' 

Anguillula  aceti  Miiller  1783. 

Anguillula  aceti  is  the  common  vinegar  eel,  which  has  several  times  beer 
reported  as  occurring  in  the  human  bladder,  but  the  method  of  infection  is 
unknown. 

Morphology. — Cuticle  not  striated,  body  cylindrical,  tapering  a  little  tc 
the  anterior,  but  considerably  to  the  posterior  end.  Male  i  to  2  millimetres 
long  and  24  to  40  fx  broad,  with  two  pre-anal  and  one  post-anal  papillje.  Two 
equal  spicules  38  /x  long.  Female,  2-4  millimetres  long  and  40  to  72  yi, 
broad.     Vulva  near  the  equator.     Embryos  222  by  12  |U. 

Pathogenesis. — Nil. 

Anguillulina  Gervais  and  BenedBn  1859. 
Synonym. — Tylenchus  Bastian  1864. 

AnguilluUdse  possessing  a  spine  on  the  oral  cavity.  Male  bursa  without 
papilla  ;  uterus  asymmetrical. 

Species. — A  nguillulina  putrefaciens. 

Anguillulina  putrefaciens  Kiihn  1879. 

Synonyms. — Tylenchus  putrefaciens  Kiihn  1879,  Trichina  contorta  Botkin 
1883. 

This  small  nematode  lives  in  onions,  and  it  or  other  varieties  may  at  times 
find  access  to  the  stomach  with  the  food,  and  be  rejected  by  vomiting,  as  re- 
ported by  Botkin  in  1883. 

Rhabditis  Dujardin  1845. 

Small  Anguillulidae  with  no  teeth  in  the  oral  cavity,  with  accessor}: 
pieces  to  the  two  male  spicules,  and  without  lateral  ridges. 

Rhabditis  niellyi  Blanchard  1885. 

Synonym. — Leptodera  niellyi  Blanchard  1885. 

This  parasite  was  described  by  Nielly  in  1882  in  a  boy  who  suffered 
from  an  itching  papular  eruption  in  Brest,  which  he  had  never  left. 

The  parasites  were  found  in  the  papules,  and  also  in  the  blood  at 
the  beginning  of  the  illness,  but  not  in  the  faeces,  urine,  or  sputum. 

The  parasites  measured  0-33  by  0-03  millimetre  in  width,  and 
possessed  a  cuticle  with  delicate  transverse  striation,  a  double- 
bulbed  oesophagus,  and  an  intestine,  but  no  genital  organs. 
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It  was  thought  that  he  might  have  got  infected  by  water,  and 
that  the  embryos  entered  the  blood  via  the  intestine,  and  so  passed 
to  the  skin  ;  but  in  the  light  of  our  knowledge  of  the  life-history  of 
Agchylostoma  duodenale,  it  might  possibly  be  that  the  larvse  were 
entering  by  the  skin,  and  passing  into  the  blood  to  reach  the  bowel. 
It  is  obvious  that  the  parasite  is  immature,  and  that  its  characters 
are  hardly  of  specific  value. 

Possibly  it  was  some  such  rhabdite  that  O'Neil  saw  in  craw-craw 
papules  on  the  West  Coast  of  Africa,  or  his  parasite  may  have 
been  a  blood  Microfilaria. 

Leptodera  Dujardin. 

AnguillulidcE  with  mouth,  guarded  by  two,  three,  or  six  lips.  Male  with 
or  without  bursa,  which,  when  present,  never  surrounds  the  point  of  the  tail. 
Two  equal  spicules,  and  three  pre-anal  papillae. 

Female  with  the  tail  prolonged  into  a  long  unsymmetrical  point. 

Leptodera  pellio  Schneider  1866. 

Synonyms.  —  Pelodera  pellio  Schneider  1 866,  Rhabditis  genitalis  Scheiber 
1880. 

Leptodera  pellio  is  merely  an  occasional  parasite  in  man.  Infection  arises 
in  rather  a  peculiar  manner.  The  larva  lives  in  the  earthworm  (Lumbricus 
terrestris),  while  the  adults  exist  in  decomposing  matter  in  the  soil. 

The  Hungarian  peasants  use  soil  for  making  poultices,  from  which  the 
little  worms  apparently  make  their  way  into  the  vaginae  of  women  and  live 
there.  Oerley  has  shown  experimentally  that  they  will  live  in  the  vagina 
of  a  mouse. 

Morphology. — ^Male,  o-8  to  i-os  millimetre  in  length,  with  a  bursa  supported 
by  seven  to  ten  ribs  on  each  side.  Spicules,  which  are  not  quite  alike,  measuring 
27  to  33  liin  length.  Female,  0-9  to  i'3  milUmetres  in  length,  with  a  vulva 
slightly  posterior  to  the  middle  of  the  body. 

Pathogenesis. — Nil. 

Family  3.  Angiostomid^. 
Nematoda  characterized  by  heterogony,  each  species  having  a 
free  bisexual  rhabdite  form  and  a  parasitic  hermaphrodite  filarial 
form. 

Strongyloides  Grassi  1879. 

Synonyms. — Pseudorhabditis  Perroncito  188 1,  Rhahdonema 
Leuckart  1882. 

The  parasitic  form  has  an  unarmed  mouth,  long  cylindrical 
oesophagus,  which  reaches  nearly  to  the  middle  of  the  body.  The 
non-parasitic  form  has  a  small  mouth,  short  oesophagus  with  a 
double  dilatation,  in  the  hinder  part  of  which  are  small  teeth.  The 
male  spicules  are  of  equal  size. 

Strongyloides  intestinalis  Bavay  1876. 

Synonyms. — Anguillula  intestinalis  et  ster  cor  alts  Bavay  1877,  Lepto- 
dera intestinalis  et  stercoralis  Cobbold,  Pseudorhabditis  stercoralis  Per- 
roncito 1881,  Rhdbdonema  strongyloides  Leuckart  1883,  R.  intestinale 
Blanchard  1886. 

History. — ^This  little  worm,  which  is  not  uncommonly  met  with 
in  faeces,  was  first  described  in  1876  by  Normand  in  the  faeces  and 
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the  intestine  of  French  soldiers  just  returned  to  Toulon  from  Cochin 
China. 

At  first  it  was  thought  that  there  were  two  species— one  in  the 

faeces  {Anguillula  stercoralis) ,  and  the  other  in  the  bowel  {A.  intes- 

hnahs)~hut   Leuckart   showed  that   they   were   but   succeeding 

generations  of  one  life  cycle.     It  is  found  in  Europe,  Africa  India 

Ceylon,   Indo-China,    China,    the   Philip- 
pines,  Oceania,    the   United  States,    the 

West  Indies,  and  Brazil. 
The  fully  developed  worm  is  found  in 

the    duodenum   and   jejunum,    into    the 

mucosa  of  which  it  has   bored   its  way 

deeply. 
Morphology. — ^The  parasitic  adult  worm 

is  very  small — 2z  millimetres  long  and 

34  /J.  broad — with  a  finely  striated  cuticle, 

and    a  mouth  surrounded  by  four  lips, 

leading  into  a  cylindrical  oesophagus,  equal 

in  length  to  one-quarter  of  the  whole  body. 

The  anus  is  just  in  front  of  the  tip  of  the 

tail.     Inside   this  parasite    can    be   seen 

ellipsoidal  eggs.     The  sex  of  this  parasite 

is  doubtful.      Is  it  a  hermaphrodite,  in 

which  the  male  organs,  after  serving  their 

purpose,    have   degenerated,   or   is    it  a 

parthenogenetic  female  ?    At  present  these 

questions  cannot  be  answered  definitely. 

hermaphrodite.     The  eggs  measure  50  to  58  /j,  in  length  by  30  to 

34  /t  in  breadth,  and  are  arranged  in  strings  surrounded  by  a  delicate 

tubular  structure.     They  occur  in  the  faeces  only  during  attacks  of 

diarrhoea. 

Life-History. — ^The  eggs  are  oviposited  into  the  mucosa  of  the 
host's  intestine,  and  the  embryos  hatch  and  find  their  way  into 
the  lumen,  and  are  evacuated  with  the  faeces.  On  reaching  water, 
these  embryos  grow  into  adult  male  and  female  forms,  which  con- 
jugate, and  then  the  female  lays  eggs.  The  eggs  produce,  free-living 
rhabditiform  embryos,  which  moult  and  turn  into  filariform  em- 
bryos, which  have  been  shown  by  Mozocchi  and  van  Durne  to 
penetrate  the  skin,  not  through  the  hair-follicles,  but  through  the 
horny  layer  into  the  rete  Malpighii,  and  so  into  the  corium.  Their 
further  route  has  not  been  worked  out.  On  arrival  in  the  intestine 
they  burrow  into  Lieberkiihn's  follicles,  and  begin  to  lay  their  eggs. 

Pathogenesis. — The  parasite  is  generally  beheved  to  cause  a 
catarrh  of  the  small  intestine,  though  many  believe  it  to  be  non- 
pathogenic. Family  4.  Gnathostomid^. 

Nematoda,  with  the  whole  or  only  the  anterior  part  of  the  body 
covered  with  minute  ramified  spines.  They  live  in  the  stomachs 
of  vertebrates,  especially  mammals. 

One  eenus  :  Gnathostoma  Owen  1836. 


Fig.  153. — Rhabditiform 
Embryo  of  Strongy- 
loides  intestinalis 
Bavay  as  found  in 
Human  F^ces. 

j  (After  Loess.) 
Most  probably  it  is  a 
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Gnathostoma  Owen  1836. 

Synonym. — Cheiranthus  Diesing  1839. 
With  the  characters  of  the  family. 

Gnathostoma  siamense  Levins  1889. 

Synonym. — Cheiranthus  siamensis  Levins  1889. 

Only  one  specimen  is  known,  which  was  obtained  by  Deuntzer 
from  a  young  Siamese  woman  in  whose  breast  a  hard  painful 
swelling  had  formed,  accompanied  with  slight  fever.  Nodules  the 
size  of  beans  appeared  in  the  skin,  from  one  of  which  a  worm 
was  extracted.  Two  other  similar  cases  have  recently  been 
reported. 

Morphology. — The  specimen  is  that  of  a  female  worm,  9  milh- 
metres  long  by  i  millimetre  broad,  with  eight  rows  of  bristles  around 
the  head,  and  spines  covering  the  anterior  third  of  the  body.  Each 
spine  ramifies  into  three  points,  of  which  the  middle  is  the  longest. 
The  anterior  end  was  narrow,  and  the  mouth  appeared  to  be 
bordered  by  two  lips.  The  posterior  end  had  a  three-lobed  promi- 
nence, at  the  base  of  which  the  anus  opened. 

Habitat. — Allied  species  live  in  the  stomach  of  cats,  dogs,  pigs, 
and  oxen.  One  is  said  to  occur  in  the  pariah  dogs  of  Calcutta,  and 
another  in  the  large  intestine  of  monkeys  in  French  Guiana. 

Family  5.  Filariid^  Braun  1895. 

Synonyms. — Filaridea  Cams  1863,  Filariadea  Leuckart  1876, 
FilaridcB  Cobbold,  Filarides  Assenova  1899. 

Long  filiform  nematodes  with  uniform  diameter,  and  a  straight 
head  provided  with  two  latero-median  and  four  submedian  papillae. 
Mouth  terminal,  with  two  lips,  and  occasionally  a  more  or  less  dis- 
tinct buccal  capsule.  OEsophagus  slender,  elongated,  and  may  be 
divided  into  two  portions,  but  has  no  posterior  bulb.  Mid-gut 
present,  rectum  present,  anus  subterminal. 

Males  with  one  or  two  unequal  spicules  and  a  spirally  recurved 
tail,  provided  with  papillse,  and  in  some  cases  with  lateral  alse. 
Females  larger  than  the  males,  with  or  without  a  vulva  in  the  gravid 
worms,  which,  when  present,  is  situate  anteriorly.  Uterus  usually 
double. 

All  species  parasitic  and  ovoviviparous,  with  a  change  of  host  in 
at  least  certain  species. 

Type  Genus. — Filaria. 

The  genus  Filaria  was  created  by  Miiller  in  1787,  unfortunately 
without  naming  a  pai'ticular  type,  which  Stiles  suggests  should  be 
Filaria  martis  Gmelin  1790  [F.  perforans).  This  is  found  in  Mustela 
martes  L.,  the  pine-marten  of  Europe,  and  was  one  of  the  purasites 
originally  described  by  Miiller.  This  parasite  requires  to  be 
restudied  before  definite  characters  can  be  given  for  the  genus. 
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Filaria  Miiller  1787. 

Definition  doubtful.  Long  slender  filiform  bodies,  anterior  ex- 
tremity attenuated,  obtuse  ;  posterior  very  attenuated,  more  so 
than  the  head.  Cuticle  with  or  without  transverse  striation,  with 
or  without  bosses. 

Type. — F.  martis  Gmehn  1790. 

With  regard  to  the  transverse  striation  of  the  cuticle.  Stiles 
remarks  that  those  with  marked  transverse  striation  may  require 
to  be  separated  from  those  which  are  without ;  but  as  the  species 
are  little  studied  on  this  point,  and  especially  as  the  type  is  not  well 
known,  the  matter  will  have  to  stand  over  for  future  investigations. 
It  is  evident  that  the  whole  genus  requires  careful  restudy  in  toto. 

Stiles  classifies  the  parasites  ascribed  to  the  genus  Filaria  which 
have  been  described  in  man  into  the  following  groups :  (i)  Sub- 
genus Hamularia  Treutzler  1793 ;  (2)  subgenus  Loa  Stiles  1905  ; 
(3)  subgenus  Filaria  Miiller  1783  ;  (4)  uncertain  ;  (5)  Microfilaria  (a 
collective  group)  ;  (6)  A  gamo filaria  (a  collective  group) ;  (7)  Filo- 
capsularis ;  (8)  species  to  be  eliminated  iiom  Filaria  and  the  Filariidae ; 

(9)  species  eliminated  from  Filaria  and  probably  from  the  Filariidae ; 

(10)  species  eliminated  altogether. 

To  take  the  last  group  first,  it  appears  that  the  following  can  probably  be 
eliminated  : 

1.  Filaria  (?)  hominis  oris  Leidy  1850. — This  probably  belongs  to  the 
Mermithidae,  and  may  have  been  a  mermis  accidentally  taken  into  the  child'e 
mouth  while  eating,  say,  an  apple,  because  it  had  an  obtuse  posterior  ex- 
tremity with  a  recurved  hook. 

2.  Filaria  (?)  gigas  Prout  1902. — Two  embryonic  filarial  structures  220  tc 
340  |i  by  8  to  12  /i,  found  with  rounded  head  and  tapering  tail  ending  bluntly 
no  sheath  ;  stained  readily  with  fuchsin. 

Looss  thinks  that  they  may  be  cast  skins,  and  Low  thinks  that  these 
might  be  contaminations — i.e.,  insect  hairs  ;  and  as  Stiles  has  also  adoptee 
this  view,  the  parasite  may  perhaps  be  eliminated. 

3.  Nematoideutn  tracheale  Cobbold  1864. 
The  following  can  certainly  be.  eliminated  : 

4.  Filaria  (?)  restiformis  Leidy  1880,  as  this  is  Agamomeris  restiformis, 
and  belongs  to  the  Mermithidae. 

5.  Filaria  (?)  cystica  is  Oxyuris  vermicularis. 

6.  Filaria  (?)  niellyi  is  Rhabditis  niellyi.  .  ,   .         j 

7.  Filaria  (?)  zebra  Mon  Grand  1852  is  said  to  be  a  fibrmous  clot,  and 
therefore  a  species  fictitia. 

The  following  may  have  to  be  eliminated :  ,  ^       ,  • 

8  Filaria  (?)  kilimarcs  Kolb  1898.— These  consist  of  several  feniale  speci- 
mens once  found  free  in  the  abdominal  cavity  of  a  fallen  Kitu  warrior.  Ora. 
papillse  are  said  to  have  been  Uke  TJyflcMwcM/Ms  metfjweMsii.  . 

They  were  10  to  20  centimetres  in  length,  and  0-5  to  i  milhmetre  m  diameter 
white,  and  resembled  Gordius  aquaticus  in  general  appearance. 

With  these  Kolb  classified  free-living  worms,  and  therefore  doubts  are  held 
as  to  the  ex^ct  zoological  determinations  of  the  species  recorded. 

q.  Filarial)  romanorum  orientalis  Sarcani  1888.— Observed  in  the  blood  of  a 
Roumanian  woman;  imillimetrelongbyo;3millimetrebroad.mthmtesti^^^^ 

generative  apparatus  developed ;  believed  by  some  to  be  an  adult  threadworm 

The  uncertain  species  are :  „        ,  .       ,  .,,       ,-,     j.  „ „ 

I    Filaria  Species  (?)  Cholodkowsky  iSge.-Found  in  whitlow-hke  tumour 

on  the  fingers  of  peasants  in  the  Twer  Government. 
r,     Tfilnvin.  fi-hecies  O^  Prout  Ig02. 
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Filocapsularis  Des  Longchamps  1824. 

There  was  a  parasite  called  Spiropiera  hominis  Rudolphi  18 19,  '^'J  appears 
to  have  been  spurious,  being  really  Filaria  communis,  of  which  tilana 
piscium  is  a  synonym. 

The  only  genera  left  are,  therefore :  (i)  Subgenus  Filaria  ;  (2)  sub- 
genus Loa/  (3)  subgenus  i?«mM^ana  ,•  (4)  collective  group  M%oro- 
filaria ;  (5)  collective  group  Agamofilaria. 

Subgenus  Filaria  Miiller  1787. 

Synonyms. — Fileraria  Rudolphi  1809,  Filaire  Lee  1840,  and  some 
misprints. 

Definition  (Provisional). — Long  filiform  worms,  with  unstriated 
cuticle,  without  bosses.  Mouth  small,  round,  unarmed,  terminal, 
without  lips. 

Male  shorter  than  the  female,  with  a  spirally  bent  tail  provided 
with  lateral  cuticular  alae,  pre-  and  post-anal  papillae,  and  unequal 
spicules. 

Female  longer  than  the  male,  with  vulva  anterior,  very  close  to 
the  mouth. 

Type. — Filaria  martis  Gmeiin  1790  (requires  restudy). 

Species. — F.  bancrofti  Cobbold  1877,  F.  perstans  Manson  1891, 
F.  demarquayi  Manson  1897,  F.  magalhmsi  Blanchard  1895,  F. 
medinensis  Linnaeus  1758,  F.  volvulus  Leuckart  1892,  F.  conjundivcB, 
Addario  1885,  F.  taniguchi  Penel  1905,  F.  immitis  Leidy  1856 ; 
F.  labialis  Pane  1864. 

Filaria  (Filaria)  bancrofti  Cobbold  1877. 

Synonyms. — Trichina  cystica  Salisbury  1868,  nee  Rudolphi  1819 ; 
F.  sanguinis  hominis  Lewis  1872 ;  F.  sanguinis  hominis  cegyptiaca 
Sonsino  1874 ;  F.  dermatemica  da  Silva  Araiyo  1875  ;  F.  wuchereri  da 
Silva  Lima  1877 ;  F.  sanguinis  hominum  Hall  1885 ;  F.  sanguinis 
hominum  nocturna  Manson  1891 ;  F.  nocturna  Manson  1891. 

History. — ^The  Microfilaria  was  discovered  in  Paris  by  Demarquay 
in  August,  1863,  in  the  chylocele  fluid  of  a  patient  from  Havana. 
In  1866  Wucherer  found  it  in  Brazil  in  the  urine  of  patients  suffering 
from  chyluria.  In  1872  Lewis  made  the  important  observation 
that  its  true  anatomical  habitat  is  the  blood.  Bancroft,  in  1876, 
discovered  the  adult  female  form  ;  Borne,  in  1888,  discovered  the 
adult  male.  In  1899  Manson  discovered  that  the  Microfiiarice,  on 
disappearing  from  the  peripheral  circulation,  resorted  to  the  lungs 
during  the  day-time.  The  parasite  is  spread  by  mosquitoes,  as 
discovered  by  Manson  in  1878,  who  at  first  thought  that  the 
FilaricB  escaped  from  their  insect  hosts  into  water,  and  reached 
man  by  this  means.  Later  he  conjectured  that  Filaria  might 
be  inoculated  direct  from  the  mosquitoes.  To  prove  this 
hypothesis,  he  procured  infected  mosquitoes  from  Bancroft,  of 
Brisbane,  who  had  expressed  a  somewhat  similar  idea.     BancrMt's 
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material  was  investigated,  at  Manson's  request,  by  Low,  who  dis- 
covered that  the  Filarim  migrate  to  the  mouth-parts  of  their  insect 
hosts  after  a  period  of  growth  within  the  musculature.  A  little 
later,  independently,  James  made  the  same  discovery  in  India.  In 
the  meantime  Grassi  and  Noe  investigated  the  life-history  of  a 
corresponding  Filaria  of  the  dog  [F.  immitis),  and  demonstrated 
that  it  undergoes  a  similar  development  also  in  mosquitoes,  choosing, 
however,  the  Malpighian  tubes  instead  of  the  thoracic  muscles  as 
the  seat  of  their  development.  Moreover,  Grassi  and  Noe  were 
successful  in  inoculating  normal  dogs  by  means  of  mosquitoes  fed 
on  infected  dogs.  Piilleborn  has  most  carefully  restudied  the 
subject. 

Morphology — General  Characters. — ^The  worms  are  whitish  in 
colour,  long  and  filiform,  with  a  smooth  cuticle,  and  a  globular 
head  terminating  in  a  simple,  circular,  unarmed,  lipless  mouth. 
The  tail  is  rounded. 

Sexual  Characters. — The  male  is  smaller  than  the  female,  and  the 
only  complete  specimen  measured  38 '6  millimetres  in  length,  and 
0'i3  millimetre  in  thickness.  In  the  dead  worm  the  tail  is  very 
much  incurved,  but  may  be  straight  during  life,  according  to  Mait- 
land.  The  anus,  which  is  0'i3  millimetre  from  the  posterior 
extremity,  is  guarded  by  two  projecting  lips.  The  anal  papillae 
are  not  easily  defined,  but  are  said  to  consist  of  three  pairs  of  pre- 
anal  and  three  of  post-anal  papillae. 

There  are  two  unequal  curved  retractile  spicules.  The  larger 
measures  o'6  millimetre  and  the  smaller  o'2  millimetre  in  length. 
They  consist  of  a  basal  portion,  which  is  broad,  rigid,  and  chiti- 
nous,  measuring  o"i7  millimetre  in  the  larger,  and  o'i2  millimetre 
in  the  smaller  spicule,  and  a  long,  thin,  colourless,  cyUndrical, 
slightly  undulating  terminal  portion. 

The  female,  while  more  or  less  transparent,  is  longer  and  thicker 
than  the  male,  and  measuring  76  to  100  millimetres  in  length,  with 
a  thickness  of  0-185  millimetre. 

The  mouth  is  situated  at  the  anterior  extremity,  being  8  /x  in 
diameter,  and  leading  into  an  oesophagus  which  passes  insensibly 
into  the  intestine.  This  terminates  in  the  anus,  situated  0-28  milli- 
metre from  the  incurved  posterior  end. 

The  vulva,  situate  I'Z  millimetres  from  the  anterior  extremity, 
opens  into  a  single  vagina,  from  which  two  uterine  tubules  run 
along  most  of  the  length  of  the  body.  These  tubules  contain  the 
eggs  and  embryos  in  various  stages  of  development. 

Cobb's  formula  is  : 

-0-36,  3-64  (?),  1-22,  99-5 
-0-145,  0-377  {?)>  0-254,  0-I47' 

The  numerator  indicates  lengths  from  the  anterior  extremity  to  (i)  base 
of  oesophagus;  (2)  nerve  ring;  (3)  posterior  pharyngeal  constriction; 
(4)  vulva  in  females  or  middle  in  males  ;  (5)  anus.  The  denominator  repre- 
sents ^transverse  measurements  at  the  same  levels.  All  measurements  are 
expressed  as  percentages  of  the  total  length. 
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Life-History.— The  males  and  females  may  be  found  coiled  to- 
gether in  the  lymphatics  of  the  scrotum,  the  arm,  the  leg,  hydro- 
celes of  the  cord,  epididymis,  or  testicle,  and  more  rarely  in  those 
of  the  pelvis  and  abdomen.  The  males  are  less  numerous  than 
the  females. 

When  placed  in  saline  solutions,  they  show  active  movements, 
coiling  and  uncoiling  themselves  for  several  hours. 

In  the  uterus  of  the  female,  as  has  already  been  stated,  eggs  may 
be  noted  in  all  stages  of  development. 

At  first  nearly  round,  measuring  50  by  34  /*,  and  containing  a 
coiled-up  embryo,  the  eggs  become  more  and  more  elongated  by 
the  movements  of  the  embryo,  until  in  the  anterior  part  of  the 
uterus  they  are  much  longer  than  broad.  Finally,  they  escape 
through  the  genital  pore,  and  enter  the  lymph-stream,  along  which 
they  travel  through  lymphatic  vessels  and  glands,  the  thoracic  duct, 
the  right  side  of  the  heart,  and  the  lungs,  to  reach  the  peripheral 
circulation,  where  they  are  best  seen  at  night  ;  hence  the  name 


i9iia 
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Fig.  154. — Diagram  of  the  Development  of  a  Microfilaria 

(F.    loa  Stiles). 

(After  Penel.) 

Microfilaria  nocturna.  In  the  blood  they  appear  as  httle  wriggling 
filiform  bodies,  knocking  the  corpuscles  about,  but  not  moving 
from  the  position  in  which  they  are  lying.  The  Microfilaria  in  the 
blood  are  said  to  be  a  little  larger  than  those  in  the  uterus,  which 
is  thought  by  Penel  to  be  due,  not  to  growth,  but  to  imbibition  of. 
fluid  by  osmosis. 

They  measure  from  130  to  300  /*  in  length,  and  from  7  to  11  /» in 
breadth,  and  are  seen  to  be  long,  slender,  cylindrical  organisms 
with  a  rounded  anterior  and  a  tapering  posterior  end,  enclosed  in 
a  sheath — the  vitelline  or  egg  membrane — ^inside  which  they  are 
capable  of  darting  backwards  and  forwards,  because  it  is  longer 
than  they  are,  the  empty  portion  being  noted  either  in  front  of 
the  anterior  or  behind  the  posterior  end  of  the  Microfilaria.  Manson 
considers  that  this  sheath  is  of  vital  importance  to  the  little 
parasite,  as  it  prevents  its  using  its  anterior  spine  to  escape  out 
of  the  bloodvessel,  and  so  losing  the  chance  of  its  invading  a 
mosquito. 

The  anterior  rounded  extremity  possesses  a  thick  hemispherical 
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rnvS^K      ^'^f  ^  a  mmute  apical  spine,  which  is  capable  of  being 
covered  by  a  retractile  and  protractUe  six-lipped  prepuce. 

Behind  the  anterior  end,  the  body  can  be  seen  to  be  composed 
t  ^T^'^^iisyersely  striated  dermo-muscular  layer,  inside  which  are  a 
number  of  closely  packed  cells,  whose  nuclei  show  up  clearly  on 
staming.  Unstained,  the  central  mass  appears  granular,  but  the 
granules  are  however,  wanting  at  certain  spots,  which,  following 
Annett,  Dutton  and  Elliot,  may  be  defined  as  :  (i)  A  clear  anterior' 
area  from  the  front  to  the  first  nuclei ;  (2)  an  irregular  transverse 
spot  situated  21-5  per  cent,  of  the  length  of  the  body  from  the 
anterior  end  ;  (3)  a  V-shaped  or  transverse  irregular  spot  at  30  per 
cent,  of  the  length,  called  V-spot  by  Manson  ;  (4)  a  median  Une,  the 
central  viscus  of  Manson,  whose  centre  is  at  63  per  cent,  of  the 
length  ;  (5)  an  irregular  oval  spot  often  present  at  85  per  cent., 
called  the  taH-spot  by  Manson ;  (6)  a  small  central  spot  only  occa- 
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sionally  present  at  91-5  per  cent.  ;  (7)  the  clear  posterior  area 
behind  the  last  nucleus. 

The  meaning  of  these  clear  areas  is  not  evident.  Manson  thinks 
that  the  V-spot  is  the  Anlage  of  the  water  vascular  system  and  the 
tail-spot  of  the  proctodseum,  but  the  development  of  the  worm  has 
recently  been  studied  in  detail  by  Fiilleborn,  whose  diagram  is 
reproduced  on  the  next  page. 

These  MicrofilaricB  occur  in  the  peripheral  blood  at  night,  as 
has  just  been  stated,  beginning  about  5  to  7  p.m.,  and  increasing 
in  numbers  till  midnight,  and  then  diminishing  till  about  7  to  8  a.m., 
when  only  a  stray  one  may  be  met  with,  as,  indeed,  can  be 
observed  all  through  the  day  until  the  evening  increase  begins. 
There  is,  therefore,  a  definite  periodicity — at  night  the  Microfdarics 
abound  in  the  blood,  while  in  the  day-time  they  do  not. 

In  the  day  it  appears  that  they  live  mostly  in  the  lungs  and  in 
the  large  vessels  of  the  thorax.  This  was  shown  by  Manson  by  the 
careful  examination  of  films  and  sections  taken  from  the  different 
organs  of  a  man  who  had  Microfilaria  bancrofti  in  his  peripheral 


412     BIOLOGICAL  CAUSES  OF  DISEASE—NEMATHELMINTHES 

blood,  as  well  as  a  lymph  scrotum  and  varicose  groin  glands. 
The  post-mortem  was  made  six  hours  after  death,  which  was  due  to 
drinking  hydrocyanic  acid,  and  took  place  almost  instantaneously 
at  8.30  a.m.  By  far  the  largest  number  of  parasites  were  to  be 
found  in  the  lungs  and  carotid  artery,  and  then  in  the  heart 
muscle,  while  a  few  were  found  elsewhere,  especially  in  the  kidney. 
These  facts  have  been  confirmed,  but  the  question  as  to  what 
.induces  the  parasites  to  live  in  the  peripheral  blood  in  the  night 
and  the  thoracic  organs  in  the  day  is  not  clear.  True,  it  enables 
the  Microfilaria  to  enter  the  mosquito,  but  that  does  not  explain 
the  problem.  Neither  variations  in  atmospheric  temperature  nor 
pressure,  in  light,  or  darkness  seem  to  have  any  effect.     Nor  does 


Fig.  156. — Scheme  of  the  Structure  of  a  Microfilaria,  showing 
(i)  THE j Excretory  Pore;  (2)  the  Cells,  which  will  form  the 
Excretory  Apparatus  ;  (3)  the  Subcuticular  Cells  ;  (4)  the  Genital 
Cells  ;  (5)  the  Genital  Pore. 

i  (After  FuUeborn.) 

the  pulse-rate  or  the  individual's  temperature  make  much  differ- 
ence ;  but  there  is  one  factor,  first  shown  by  Mackenzie,  and  since 
confirmed  by  Manson  and  others,  that  it  is  in  some  way  cormected 
with  sleep  ;  for  if  a  person  with  Microfilariae  in  his  blood  stays 
awake  all  night,  and  sleeps  during  the  day,  the  parasites  will  abound 
in  his  blood  in  the  day,  and  not  at  night.  Penel  probably  rightly 
remarks  that  the  problem  of  the  periodicity  of  the  Microfilaria  and 
the  periodicity  of  sleep  in  man  are  connected,  and  that  when  one 
is  properly  solved  the  other  will  be  also  elucidated. 

The  number  of  Microfilaria  in  the  blood  varies  from  very  few 
up  to  quite  considerable  numbers,  reaching,  according  to  Manson, 
up  to  500  in  a  single  film,  which  gives  some  40,000,000  to  50,000,000 
in  an  average-sized  man.  This  naturally  raises  the  question  of, 
How  many  adults  do  these  come  from  ?     How  long  does  an  adult 
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What  finally  happens 


live  ?     How  long  does  a  Microfilaria  live  ? 
to  the  Microfilaria  ? 

These  questions  are  much  more  easily  asked  than  answered.     It 
would  seem  probable  that  a  given  Filaria  can  live  several  years  in 
the    human    body,   and,   of  course,   give  rise  to  many  embryos. 
Further,  numbers  of  Filaria  can  be 
met  with  in  one  individual. 

Bancroft  thinks  that  the  Micro- 
filaria can  live  in  the  blood  for 
several  months,  and  observers  have 
thought  that  they  may  be  destroyed 
by  leucocytes  and  endothelial  cells. 
It  is,  however,  evident  that  they 
develop  no  further  in  the  human 
body,  and  require  to  be  taken 
into  the  body  of  a  mosquito  before  further  development  is  possible. 

In  the  Mosquito. — Abounding  as  they  do  in  the  peripheral  blood 
at  night,  there  is  no  difficulty  for  the  Microfilaria  to  reach  the 
stomach  of  a  mosquito  in  the  tropics,  and  here  and  in  its  thorax 
development  proceeds. 

The  mosquitoes  known  to  be  capable  of  serving  as  efficient  hosts 
for  this  development  are  :  Culex  fatigans  Wied  in  the  West  Indies, 
Myzomia  rossii  Giles  in  India,  Pyretophorus  costalis  Loew  in  Nigeria, 
Panoplites  africanus  in  Central  Africa,  Stegomyia  fasciata  in  Nigeria. 


Fig.  157. — Early  Stage  of  the 
Development  of  Filaria 
bancroft!  cobbold  in  the 
Muscles  of  Culex  fatigans. 

(After  Looss,  from  Mense's  \ 
'  Tropenkrankheiten.') 


Fig.   158. — Late  Stage  of  the  Development  of  Filaria  bancrofti 
CoBBOLD  in  Culex  fatigans. 

(After  Looss,  from  Mense's  'Tropenkrankheiten.') 

Incomplete  results  have  been  obtained  with  Culex  microannu- 
latus,  C.  albopictus,  C.  tcBuiatus,  Anopheles  alhimanus ;  and  nega- 
tive results  in  C.  notoscriptus,  C.  annulirostris,  C.  hispidosus, 
C.  vigilax,  G.  nigrithorax,  C.  procax,  A.  musivus,  Myzomia  funesta, 
A.  maculipennis,  Pulex  serraticeps,  Stomoxys  (?),  Cimex  lectulanus. 

The  Microfilaria  enter  with  the  blood  into  the  mosquito's  stomach, 
and  there,  the  sheath  being  fixed  by  the  hemoglobin  escaping  from 
the  red  corpuscles,  and  becoming  altered  by  the  secretions>of  the 
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stomach,  they  escape  by  rupturing  it  by  means  of  the  spine  on 
their  anterior  extremity. 

They  then  pierce  the  wall  of  the  stomach,  and  find  their  way 
into  the  muscles  of  the  thorax,  where  they  grow  considerably  till 
I '5  milhmetres  long  and  0'25  milhmetre  broad. 

They  also  undergo  development,  obtaining  four  lips,  an  alimen- 
tary canal,  and  a  three-lobed  tail.  When  so  far  developed,  they 
leave  the  thorax  and  pass  through  the  prothorax  and  head  into 
the  labium,  where  they  remain  until  the  mosquito  bites  a  man. 


Fig.  159. — Diagram  of  the  Development  of  Filaria  bancrofti  Cobbold 
IN  THE  Thorax,  Head,  and  Labium  of  a  Mosquito. 

when  they  escape  into  the  wound  by  making  their  way  through 
Button's  membrane,  which  is  a  thin  membrane  between  the  labella 
and  the  chitinous  skeleton  of  the  labium,  as  was  demonstrated  by 
Lebredo.     (For  further  details  see  Chapter  XXXV.) 

Their  further  development  in  man  is  not  known,  but  in  due 
course  they  become  adults. 

Pathogenesis.  —  Usually  non-pathogenic,  these  worms  under 
certain  circumstances  can  cause  elephantoid  fever,  elephantiasis, 
lymph  scrotum,  etc.,  or,  in  other  words,  filiariasis. 

Filaria  (Filaria)  perstans  Manson  1891. 

Synonyms. — Filaria  sanguinis  hominis  minor  Manson  i8gi,  F. 
sanguinis  hominis  perstans  Manson  1891;,  F.  ozzardi  (variety  trun- 
cated) Manson  1897. 

History. — ^The  Microfilaria  was  first  found  by  Manson  in  the 
blood  of  negroes  from  the  Congo.  Daniels  found  the  adults  in 
British  Guiana.  The  geographical  distribution  known  at  present 
is  Tropical  Africa  and  British  Guiana. 

Morphology. — ^The  adults  are  found,  as  a  rule,  free  in  the  con- 
nective tissue  at  the  base  of  the  mesentery,  around  the  pancreas, 
behind  the  pericardium,  and  behind  the  abdominal  aorta  and  the 
suprarenal  capsules.  The  body  is  cylindrical,  uniform,  except 
towards  both  ends,  when  it  tapers  a  little. 
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The  male  rarely  met  with,  is  45  mUlimetres  in  length  by  o-6  milli- 
metre broad  with  a  greatly  curved  tail,  which  ends  in  a  bifid  pro- 
longation of  the  cuticle.  There  is  one  large  spicule,  according  to 
Penel,  which  terminates  in  a  trumpet-shaped  internal  expanlion 
continuous  with  the  seminal  tube.  Low,  however,  describes  two 
unequal  spicules  and  four  pairs  of  pre-anal  and  one  of  post-anal 
papillae,  all  of  which  are  very  small. 

•  ^^^  j^T^^^  .^^  70  to  80  milUmetres  in  length  and  o'lz  millimetre 
in  breadth,  with  a  rounded  head  and  a  long  neck.  The  incurved 
tail  ends  in  two  triangular  cuticular  lobes.  The  mouth  is  simple 
and  small,  and  the  alimentary  canal  shows  no  differentiation  into 
oesophagus  or  intestine.  The  anus  opens  upon  a  papilla  o-i4"5  milli- 
metre m  front  of  the  tip  of  the  tail.  The  uterus  is  double,  and,  when 
lull  of  eggs  and  embryos  m  various  stages  of  development,  nearly 
fills  the  body.  The  vulva  is  06  milHmetre  behind  the  anterior 
extremity. 

Life-History.— The  egg  undergoes  its  development  in  the  uterus, 
and  the  Mtcrofilana  escapes  from  its  egg  membrane,  and  appears 
m  the  peripheral  circulation  without  a  sheath,  and,  consequently, 


1  ,    I         Fig.   160. — Microfilaria  perstans  Manson. 

can  move  about  on  a  slide.  It  measures  200  to  230  /«.  in  length  and 
4'5  to  5  fi  in  breadth.  It  is  covered  with  a  finely  striated  cuticle, 
and  has  a  retractile  spine,  situated  (apparently)  upon  a  papilla  at 
the  anterior  end  of  the  body.  The  posterior  two-thirds  of  the  body 
tapers  to  the  tip  of  the  tail,  which  is  abruptly  rounded  off. 

It  does  not  appear  to  have  the  central  viscus  seen  in  Microfilaria 
bancrofti.  In  stained  specimens  there  is  an  area  free  from  nuclei 
anteriorly,  a  transverse  break  at  34  fi,  a  V-spot  at  49  /x,  and  the 
tail-spot  at  125  /*. 

A  short  type,  measuring  90  to  100  fi.,  has  been  noted.  There 
is  no  periodicity  in  its  appearance  in  the  peripheral  blood. 
It  never  occurs  in  large  numbers,  but  it  is  always  there  day  and 
night. 

Many  attempts  have  been  made  to  trace  its  life-history.  Its 
larvae  have  been  found  in  the  thorax  in  Panoplites  [africanus  ?), 
Stegomyia  fasciata,  and  TcBniorhynchus  fuscopennatus.  It  will  not 
develop  in  a  large  number  of  blood-suckers — e.g.,  species  of  Ano- 
pheles, Culex,  Pulex,  Pediculus,  and  Uranotcenia.  Wellraan  and 
Feldham  claim  to  have  found  its  development  in  a  tick  [Ornithodoros 
moubata),  as  first  suggested  by  Christy. 
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It  is  to  be  noted  that  it  only  occurs  in  areas  covered  with  dense 
forest,  and  possessing  swamps,  which  indicates  that  the  host  prob- 
ably requires  shade  in  the  day  and  water  to  lay  its  eggs  in. 

Pathogenesis. — Nil. 

Filaria  (Filaria)  demarquayi  Hanson  1895. 

Synonym. — Filaria  ozzardi  Manson  1897. 

In  1895  Manson  discovered  a  Microfilaria  in  blood-films  from 
natives  of  St.  Vincent  in  the  West  Indies,  which  he  named  Filaria 
demarquayi,  after  the  discoverer  of  the  Microfilaria  bancrofti.  In 
1857  he  found  in  blood-films  from  Carib  Indians  of  British  Guiana 
another  Microfilaria,  which  closely  resembled  M.  demarquayi,  but 
which  he  provisionally  considered  to  be  a  different  species,  and 
called  F.  ozzardi. 

Lately  Penel  and  Manson  have  come  to  regard  them  as  identical. 
In  1898  Daniels  found  the  adult  females. 

It  is  found  in  St.  Vincent,  Dominica,  Trinidad,  St.  Lucia,  in  the 
West  Indies,  and  in  British  Guiana,  where  it  is  found  in  jungly 
districts.  The  adults  live  in  the  connective  tissue  at  the  root  of 
the  mesentery  and  elsewhere. 

Morphology. — The  male  can  hardly  be  said  to  be  known,  as  only 
a  fragment  of  a  posterior  end  has  been  found,  which  showed  a 
much  incurved  tail,  with  at  least  one  spicule.  The  female  measures 
65  to  80  millimetres  in  length  and  o*3i  to  0-25  millimetre  in  breadth, 
with  a  bulbous  cuticular  expansion  at  the  tip  of  the  tail.  Anus 
0'25  millimetre  in  front  of  the  posterior  extremity,  vulva  071  milli- 
metre behind  the  anterior  end. 

Life-History. — ^The  egg  develops  into  a  Microfilaria  which  has 
no  sheath,  shows  no'^periodicity,  and*  measures  200  /*  by  5  /*.  Its 
tail  is  tapering,  and"it  movesfactively.  Nothing  further  is  known 
as  to  the  life-history. 

Pathogenesis. — Nil. 

Filaria  (Filaria)  magalhsesi  Blanchard  1895. 

Synonym. — F.  hancrofti  Magalhses  1892,  nee  Cobbold  1877. 

In  1887  Magalhaes  described  male  and  female  forms  of  a  Filaria 
found  by  Figeira  de  Saboia  in  the  left  ventricle  of  the  heart  of  a 
chUd  in  Rio  de  Janeiro. 

For  a  time  it  was  mistaken  for  F  hancrofti,  but  in  1894  Manson 
pointed  out  that  it  was  a  different  species,  and  in  1895  'Blanchard 
gave  it  the  present  name. 

Morphology. — ^The  worms  were  white,  opalescent,  and  trans- 
versely striated,  the  head  club-shaped  and  simple,  mouth  terminal, 
oesophagus  with  a  bulb,  and  there  was  a  rounded  tail.  The  male 
measured  83  'millimetres  in  length  and  0-28  to  0-4  [millimetre  in 
breadth,  and  possessed  a  rounded  tail,  with  a  cloaca,''o'ii  milli- 
metre from  its  tip,  withj^two^^spicules  and  four  pre-anal  and  three 
post-anal  pairs  of  papillae. 
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ral^l in^t^th" Jl^  mUlimetres  in  length  and  o-6  to  08  milK- 
SS  aidfn  '  .1  ''''^^^^  °P'"'^§  ^'56  millimetres  behind  the 
the  tail.  P^"'""^  °'^3  millimetre  in  front  of  the  tip  of 

Life-History  and  Pathogenesis.— Unknown. 

Filaria  (Filaria)  medinensis  Linneeus  1758. 

^^Jf°''^^]'~-^'''^^^<^^l^']^^terumY^\sch  1674,  Vena  medinensis 
veisch  1674,  Dracunculus  persarum  Kamper  1601  Gordius  medi- 
«™  Lmn^us  1758  Filaria  dracunculus  Bremslr  1819/  £- 
opica  Valenciennes  1856,  Dracunculus  medinensis  Cobbold  1864 
Hrf^n  ''i  '^^^'''''''''  commonly  called  the  guinea-worm;  the 
dracunculus  Beinwurm,  Brachwasserwurm,  tankworm,  or  dragon- 
neau,  is  endemic  m  tropical  Africa,  India,  Persia,  Turkestan, 
fr^m  Afr       ^°"^^  ^  ^^^^  ^"  America,  in  which  it  was  imported 

\  ^  ^^^"^  known  since  the  most  remote  periods  as  it  was 
probably  the  fiery  serpent  mentioned  by  Moses,  who  apparently 
knew  the  method  of  twisting  the  worm  out  on  a  stick,  as  he  appears 


Fig.  161. — Filaria  medinensis  Linn^us. 

to  have  made  a  model  of  this  method  of  extraction.     Galen  called 
the  disease  caused  by  these  worms  dracontiasis. 

The  anatomy  of  the  worm  was  carefully  studied  by  Bastien  in 
1863,  and  the  infection  of  Cyclops  with  the  larva  was  observed  by 
Fedschenko  in  1870,  and  confirmed  later  by  Manson.  Charles 
found  the  male  guinea-worm  in  1892. 

Leiper  1907  has  repeated  these  experiments,  and  has  further 
proved  that  when  monkeys  are  fed  on  infected  Cyclops  the  males 
and  females  can  be  found.  Strassen  has  confirmed  Leiper's  experi- 
ments. 

Morphology. — ^The  female  is  a  long  white  filiform  worm  50  to 
80  millimetres  in  length  and  0-5  to  17  millimetres  in  diameter. 

The  emterior  end  is  bluntly  rounded,  and  carries  the  small  terminal 
mouth,  which  has  two  lips  and  two  lateral  and  four  submedian 
papillae;  It  leads  into  a  straight  alimentary  canal,  which  atrophies 
near  the  tail  in  the  fully  developed  condition,  and  has  no  anal  open- 
ing. The  vulval  orifice  is  situate  close  to  the  mouth,  just  external  to 
the  papillae,  and  leads  by  a  vagina  into  a  large  uterus,  which  occupies 
the  whole  length  of  the  body  when  filled  with  embryos,  and  com- 
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presses  the  alimentary  canal.  The  tail  is  rounded  off,  and  carries  a 
small  bent  hook. 

The  male  is  only  22  millimetres  in  length,  and  has  live  pairs  of 
post-anal  papUlse. 

Life-History. — ^The  males  and  females  live  in  the  connective 
tissue  about  the  mesentery,  and  after  copulation  probably  the  males 
die  off.  When  the  female  is  gravid,  she  moves,  head  first,  appar- 
ently in  search  of  water,  usually  downwards  towards  the  leg  or 
foot ;  but  in  other  cases — e.g.,  Indian  water-carriers — to  the  back. 
More  rarely  she  moves  to  the  hand  or  arm,  and  very  rarely  to  the 
head.  Arrived  under  the  epidermis,  she  bores  her  way  through 
the  deep  layers,  while  a  little  bulla  on  the  surface  marks  her  pre- 
sence. 

When  this  bulla  bursts,  a  small  hole  is  seen,  at  the  bottom  of 
which  lies  the  vulva,  through  which  the  tube  of  the  uterus  has  pro- 
lapsed, bending  the  head  to  one  side.  Clear  fluid  can  be  seen 
escaping  from  this  tube,  which,  when  examined,  is  found  to  be  full 
of  embryos. 

The  segmentation  of  the  eg%  takes  place  in  the  uterus,  and  the 
embryos   are   born   alive.    They   are   flat,   pointed  little  bodies. 


Fig.  162. — Larva  of  Filaria  medinensis  LiNN.ffi:us. 
(After  Looss,  from  Mense's  '  Tropenkrankheiten.') 

0'6  millimetre  in  length  and  17-5  /i  in  breadth,  with  a  narrow,  very 
pointed  tail.  The  mouth  is  at  the  anterior  end,  and  leads  into  an 
alimentary  canal  without  an  anus.  There  is  a  Uttle  sac  on  each  side 
of  the  root  of  the  tail.  These  little  larvae  swim  about  vigorously, 
and  either  die  or  enter  the  alimentary  canal  of  a  Cyclops  by  passing 
through  the  mouth  into  the  intestine,  from  which  they  enter  the 
coelom,  where  they  develop  for  four  weeks.  The  first  ecdysis  takes 
place  about  the  seventh  to  ninth  day,  and  the  second  between  the 
tenth  and  eleventh  day,  after  which  progressive  histological  changes 
occur.  After  the  fourth  week  no  further  change  takes  place, 
though  they  can  live  for  forty-one  days  in  the  Cyclops.  When 
placed  in  0-22  per  cent,  solution  of  hydrochloric  acid,  the  Cyclops 
is  promptly  killed,  while  the  larva  appears  to  be  stimulated,  under- 
going ecdysis,  and  escaping  from  the  Cyclops  by  boring  its  way 
through  the  chitinous  ciiticle.  In  a  monkey  fed  by  Leiper  vwth 
infected  Cyclops,  two  females  and  one  male  were  found.  \i  is, 
therefore,  correct  to  assume  that  man  is  infected  by  ingesting 
infected  Cyclops  with  his  drinking-water,  and  it  is  probable  that,  set 
free  in  the  stomach,  the  larvae  enter  the  connective  tissue  by  boring 
their  way  through  the  stomach-wall. 
Pathogenesis. — ^The  worm  causes  dracontiasis  (see  p.  1054). 
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Filaria  (Filaria)  volvulus  Leuckart  1893. 

This  worm  was  discovered  by  a  German  medical  missionary  in 
two  tumours  on  the  scalp  and  chest  of  negroes  in  the  Gold  Coast 
Colony,  West  Africa.  Labadie,  Lagrave,  and  Deguy  found  another 
specimen  m  a  small  swelling  in  the  arm  of  a  soldier  from  Dahomey. 
Prout  next  described  two  cases  in  Sierra  Leone,  and  Brumpt  a 
number  of  cases  in  his  tour  in  West  Africa,  and  recently  Fiilleborn 
has  thoroughly  studied  the  condition  produced  by  the  worm  in 
man. 

It  is  found  in  Sierra  Leone,  Gold  Coast,  and  Dahomey ;  but  on 
the  Welle,  between  Dongon  and  M'Bini,  it  is  said  to  occur  in  5  per 
cent.,  and  on  the  Itumburi,  between  Bonta  and  Idembo,  in  i  per 
cent,  of  the  population.  It  has  not  been  recorded  as  far  south  as 
the  Congo. 

Morphology. — ^The  male  worm  has  a  white  filiform  body,  slightly 
attenuated  at  the  ends,  covered  with  a  transversely  striated  cuticle. 


Fig.  163. — Microfilaria  volvulus  Leuckart. 
(After  Fullebom.) 

measuring  30  to  35  millimetres  in  length  and  o'i4  millimetre  ir 
breadth. 

The  head  is  rounded,  the  mouth  unarmed,  the  alimentary  cana 
straight  and  undifferentiated,  the  anus  subterminal  0^049  milli 
metre  in  front  of  the  posterior  end.  Other  canals  are  reported; 
which  probably  belong  to  the  generative  and  excretory  systems. 

The  tail  is  strongly  recurved,  and  somewhat  flattened  on  its 
concave  aspect.  Brumpt  reports  three  pairs  of  papillae  on  each  sid( 
of  the  anus  and  three  pairs  of  post-anal  papillae.  There  are  twc 
unequal  spicules,  the  larger  177  /a  and  the  smaller  82  ft.  in  length. 

The  female  is  longer  and  thicker  than  the  male,  measuring  60  tc 
70  millimetres  in  length,  and  0-36  millimetre  in  breadth.  Th( 
cuticular  striations  are  not  so  well  marked.  The  tail  is  recurved 
The  uterus  is  seen  full  of  eggs  and  larva,  and  the  vulva  is  076  milli 
metre  from  the  anterior  end. 

Life-History. — ^The  worm  lies  in  a  lymphatic,  which  becomes  in 
flamed,  and  a  perilymphangitis  causes  a  condensation  of  connective 
tissue,  in  which  males  and  females  are  embedded,  leaving  the  pos 
terior  end  of  the  male  and  the  anterior  end  of  the  female  free  in  th( 
lymph  space,     The  embryos  pass  out  of  the  uterus  into  this  space 
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where  they  can  be  found  250  to  300  ft.  in  length,  and  5  to  6  /*  in 
breadth,  with  a  rounded  head  and  a  body  which  tapers  during  the 
last  fifth,  and  terminates  in  a  pointed  tail.  There  is  no  sheath. 
The  anterior  V-spot  is  clearly  seen.  The  Microfilaria  have  not  been 
seen  in  the  blood,  and  their  further  development  is  quite  unknown. 

Brumpt  is  inclined  to  think  that  they  will  be  found  in  the  blood, 
and  that  the  further  developiribnt  will  be  in  a  tsetse-fly.  The 
adults  Uve  for  years  in  the  human  body. 

Pathogenesis. — Lymphangitis,  perUympharigitis,  sometimes  acute 
and  with  fever,  and  resulting  in  small  tumours,  are  their  pathological 
signs. 

Filaria  (Filaria)  conjunetivae  Addario  1885. 

Synonyms. — F.  peritonei  hominis  Babes  1880,  F.  inermis  Grassi 
1887,  F.  apapillocephala  Condorelli  Francaviglia  1892. 

This  worm  was  first  discovered  by  Dubini  in  the  eye  of  a  man  in 
Milan,  then  by  Babes  in  the  gastro-splenic  omentum  of  a  woman  in 
Budapest,  then  by  Vadela  in  the  conjunctiva  of  a  woman  in  Sicily. 
Perhaps  F.  palpebralis  Pace  1867  and  F.  oculi  humani  van  Nord- 
mann  belong  to  this  group.  It  is  possible  that  this  is  the  common 
Filaria  seen  in  the  eyes  of  horses  in  India  and  Ceylon,  and  which  is 
usually  confounded  with  F.  equina  AbUdy  1789  ;  if  so,  the  horse 
would  be  the  normal  host.  It  is  possible  that  the  F.  loa  described  in 
India  was  one  of  these  parasites. 

Morphology. — Only  the  female  is  known,  and  it  is  white  in  colour, 
and  measures  16  to  20  centimetres  in  length  and  0*5  inilhmetre  in 
breadth.  The  cuticle  is  striated  except  just  around  the  mouth, 
but  there  are  neither  papUlse  nor  hps.  The  anus  is  subterminal,  and 
the  vulva  close  behind  the  mouth.  There  is  a  single  vagina  and  a 
double  uterus  containing  eggs  and  embryos. 

Life-History  and  Pathogenesis. — Unknown. 

Filaria  (Filaria)  taniguehi  Penel  1905. 

This  Filaria  was  found  in  a  lymphatic  gland  from  a  person  living 
in  Ama  Kusha  in  Japan.  Only  the  female  and  the  Microfilaria  are 
known. 

The  former  measured  68  millimetres  in  length  and  0"2  milli- 
metre in  breadth,  and  had  a  non-striated  cuticle,  a  terminal  mouth 
with  two  pairs  of  papillas,  an  anus  0'23  milUmetre  in  front  of  the 
posterior  extremity,  and  a  vulva  i'3  millimetres  behind  the  mouth. 

The  latter  measured  164  /*  long  by  8  /x  broad,  possessed  a  sheath 
and  a  truncated  tail,  and  showed  a  nocturnal  periodicity. 

Life-History. — Not  known. 

Pathogenesis. — Nil. 

Filaria  (Filaria)  immitis  Leidy  1856. 

This  worm  lives  in  the  right  heaxt  and  in  the  veins  of  the  dog,  and  also 
the  wolf  and  the  fox,  in  Europe  and  tropical  regions.  It  is  very  common  in 
China  and  Japan. 
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Bowlby  is  commonly  reported  to  have  found  this  worm  in  the  portal  vein, 
kidneys,  bladder,  ureters,  and  lungs  of  an  Arab,  and  also  in  a  rectal  tumour  in 
a  youth,  but  this  is  quite  erroneous,  as  he  never  made  any  such  statement, 
for  the  eggs  in  the  bladder  and  rectum,  and  the  parasites  in  the  portal  vein 
of  the  Arab,  were  Schistosomum  hcsmatobium,  as  he  carefully  reported,  never 
mentioning  F.  immitis.  Braun,  however,  seems  to  think  it  possible  that  this 
worm  may  occur  in  man. 

Morphology. — The  worm  is  long,  measuring  12  to  18  centimetres  by  07  to 
0'9  millimetre  in  the  male,  and  25  to  30  centimetres  by  i-o  to  i'3  millimetres 
in  the  female,  and  filiform,  with  a  smooth  rounded  cuticle  and  a.  rounded 
anterior  extremity,  on  which  is  situated  the  terminal  mouth  with  six  small 
papillae.     The  anus  is  subterminal,  and  the  posterior  extremity  pointed. 

The  male  has  a  twisted  tail  with  a  cuticular  fold  on  each  side,  and  four 
pre-anal  and  post-anal  papillae.  In  the  female  the  vulva  is  7  millimetres 
from  the  anterior  extremity.     Viviparous. 

Life-History. — The  young  larvae,  285  to  295  ^u,  by  5  /t,  are  not  enclosed  in 
an  egg-case,  and  have  a  tapering  posterior  extremity.  They  appear  in  the 
peripheral  blood  particularly  at  night,  when  they  may  enter  a  mosquito  if  it 
bites  the  dog. 

They  enter  the  Malpighian  tubules  or  their  epithelial  cells,  where  they 
moult  and  grow,  eventually  passing  via  the  body  cavity  to  the  labium. 

They  escape  through  Button's  membrane  into  the  wound  formed  when 
the  mosquito  bites,  and  so  enter  the  dog, 

Filaria  (Filaria)  labialls  Pane  1864. 
This  parasite  was  extracted  from  a  small  pustule  on  the  inner  surface  of 
the  upper  lip  of  a  person  in  Naples  in  1864,  and  was  not  again  described 
until  Pierantoni,  in  1908,  again  found  it  occurring  in  Naples.  In  both 
cases  the  female  has  been  found,  varying  from  130  to  30  millimetres  in  length, 
with  a  whitish-yellow  body,  and  a  pointed  anterior  extremity,  on  which  the 
terminal  mouth,  guarded  by  four  papilla,  opens.  The  anus  opens  150  /x 
anterior  to  the  posterior  end,  and  the  vulva  opens  3  millimetres  behind  the 
anterior  extremity.     The  uterus  bifurcates  into  two  branches. 

Subgenus  Loa  Stiles  1905. 
Filariinse  with  bosses  on  the  cuticle  and  with  caudal  papillae. 
Species. — Filaria  [Loa)  loa. 

Filaria  (Loa)  loa  Cobbold  1864. 

Synonyms.  —  F^7«na  oculi  Gervais  and  van  Beneden  1859, 
Dracunculus  oculi  Diesing  i860,  D.  loa  Cobbold  1864,  F.  subcof- 
jundivalis  Guyon  1864. 

The  larval  names  are  :  F.  sanguinis  hominis  var.  major  Manson 
1891,  F.  diurna  Manson  1891. 

History.— That  a  Fi7am  occurred  in  the  eye  appears  to  have  been 
known  since  the  end  of  the  sixteenth  century  in  Europe  ;^  and  prob- 
ably in  Africa,  especially  in  Angola,  where  it  was  called  loa  ;  that 
knowledge  must  have  been  very  ancient.  Mongm  m  1770  appears 
to  have  been  the  first  person  to  record  the  presence  of  a  worm  m 
the  eye.  Guyot,  in  1778  and  1805,  thought  it  was  a  Strongylus,  and 
used  the  term  '  loa '  for  the  first  time  in  European  literature.  In 
i8qi  Manson  found  a  Microfilaria  in  the  blood  of  several  negroes 
from  the  Congo  which  differed  from  those  already  described, 
and  which  he  named  Filaria  (Microfilaria)  dturna,  and  turtner 
suggested  that  it  might  be  the  larva  of  F.  loa.     Since  then  this 
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hypothesis  has  been  proved  to  be  correct  by  the  observations  oi 
Panel,  Prout,  Henly,  Brumpt,  Wurtz  and  Kerr.  F.  loa  and  Micro- 
filaria diurna  are,  therefore,  simply  different  stages  in  the  life- 
history  of  the  same  parasite. 

F.  loa  is  a  parasite  of  the  superficial  connective  tissue — the 
conjunctiva,  the  subcutaneous  fat,  and  the  superficial  aponeuroses 
in  all  parts  of  the  body.  It  probably  only  occurs  in  man,  for 
its  alleged  existence  in  sheep  and  goats  in  the  Cameroons  requires 
further  investigation.  Its  endemic  area  is  on  the  West  Coast  of 
Africa,  from  Sierra  Leone  to  Benguela,  being  most  common  in  Old 
Calabar,  the  Cameroons,  and  the  Ogome  River.  It  is,  however, 
by  no  means  confined  to  the  coast,  for  it  is  known  to  penetrate  at 
least  600  miles  into  the  interior  of  Africa. 

The  cases  reported  from  India  must  refer  to  F.  equi,  and  the 
cases  from  the  West  Indies  and  South  America  appear  to  have  all 
been  imported  from  the  West  Coast  of  Africa. 


Fig.  164. — FiLARiA  loa  Cobbold 
Posterior  Extremity  of  the 
Male. 

(After  Loess.) 


Fig.  165. — FiLARiA  loa  Cobbold 
Posterior  Extremity  of  the 
Female. 

(After  Looss.) 


The  parasite  appears  to  have  never  become  endemic  outside  i 
given  area,  which  means  that  the  animal  by  which  it  is  spread  hai 
a  restricted  geographical  range. 

Morphology. — ^The  male  is  a  thin,  white,  almost  transparent 
worm,  with  a  body  tapering  to  each  extremity,  and  measurinj 
25  to  34  millimetres  in  length  and  0-273  to  0430  millimetre  ii 
breadth.  The  head  is  like  a  truncated  cone  ;  the  neck  is  but  feebh 
indicated.  The  tail,  more  or  less  incurved,  has  a  rounded  tip,  fron 
which  the  anus  is  distant  74  to  82  /i.  There  are  three  pairs  of  well 
marked  pre-anal  and  two  pairs  of  post-anal  papillae,  with  sometime 
a  little  tubercle  on  each  side  of  the  middle  line  far  posteriorly. 

The  spicules  are  two  in  number,  and  unequal,  and  are  usuall; 
stated  to  differ  but  little  in  length.  Penel  says  that  the  larger  i 
traversed  by  a  fine  canal,  opening  laterally  a  little  distance  from  th 
free  extremity. 

The  cuticle  consists  of  a  superficial,  thin,  translucent  layer  an 
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a  deeper  perpendicularly  striated  layer.  Scattered  over  this 
Q  toll  1  fndflf  r"^"*^  thickeiiings,  o?  bosses,  the  small"  being 
no\t^rir  If  *^V^'^^'  '4 1°  '^  /^  "^  height.  The  thickness  at  thi 
w  f.T  ^^t'^^^ty  IS  variable,  as  also  is  the  constriction  correspond- 
ing to  the  neck.  The  viscera  are  enclosed  in  a  cylindrical  musculo- 
rn,  nTTh  '^^'-  Th^"^°"th  is  terminal,  small,  unarmed,  and  sur- 
3  f  ^^!^F^?^tu'^^■  ™"scular  cone  ;  the  cesophagus  is  short,  and 
without  a  bulb  ;  the  mtestine  opens  via  the  rectum  at  the  anus, 
near  the  posterior  extremity.  The  excretory  pore  is  0-65  milli- 
metre from  the  anterior  end  of  the  body. 

m^^  genital  apparatus  consists  of  a  tubular  testis  and  vas  deferens, 
tiJled  with  spherical  spermatozoa,  which  terminates  in  a  vesicula 
seminahs  situate  in  the  neighbourhood  of  the  bases  of  the  spicules 

Ihe  female  is  larger  and  thicker  than  the  male,  measuring  in 
the  tresh  condition  44  to  63  millimetres  (may  be  from  33  to  57  milli- 
metres in  different  conditions  of  preservation)  in  length,  and  from 
0-38  to  0-49  millimetre  in  thickness.  The  cuticle  and  anterior 
extremity  resemble  those  of  the  male. 

The  genital  system  consists  of  a  vulva  situated  on  a  little  elevation 
33  //.  m  height,  and  distant  some  2-5  millimetres  from  the  anterior 


Fig.  166. — Microfilaria  loa  Cobeold. 


extremity.  This  vulva  leads  into  a  thick-walled  canal— the  vagina 
— from  which  the  two  uterine  tubes  full  of  embryos  and  eggs 
diverge,  and  end  in  the  ovaries. 

Life-History. — The  life-history,  unfortunately,  is  not  well  known. 
The  unsegmented  egg,  starting  in  the  uterus  with  a  length  of  33  jj. 
and  a  breadth  of  17  /*,  grows  into  40  by  25  /*  in  the  morula  stage, 
and  50  by  35  jj-  in  the  stage  when  a  twisted  and  roUed-up  embryo 
can  be  seen.  It  now  approaches  the  vulva,  and  the  embryo  unrolls 
and  elongates  itself  inside  the  egg  membrane,  which  is  now  con- 
siderably lengthened,  measuring  250  to  260  fj.  in  length  by  5-5  to 
6"6  /u.  in  breadth.  The  embryo  now  escapes  from  the  mother,  and 
passes  via  the  lymph-stream  into  the  blood,  where  it  is  known  as 
Microfilaria  loa  (diurna),  and  is  noticed  to  have  increased  somewhat 
in  size,  which  Penel  considers  is  due  to  imbibition  of  fluid  by  osmosis, 
and  now  measures  398  by  7-5  fi.  It  will  be  noted,  however,  that 
it  does  not  quite  fill  up  its  sheath,  which  is  generally  empty  in  front 
and  behind  for  a  short  space.  These  embryos  are  only  to  be  found 
in  the  peripheral  blood  during  the  day,  and  not  at  night,  but  they 
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have  no  relation  to  sleep  in  the  host  like  M.  bancrofti,  as  the; 
are  unaffected  by  altering  the  habits  of  the  host,  and  making  hin 
sleep  in  the  day  and  work  at  night.  When  examined  under  th 
microscope,  they  can  be  seen  in  irregular  curves,  which  are  differen 
from  the  graceful  curves  of  M.  bancrofti.  The  anterior  V-spo 
can  be  seen,  and  probably  opens  at  the  apex  to  the  exterior,  a 
Penel  has  observed  that  the  stain  penetrated  easily  at  that  spot 
probably  there  is  also  an  opening  at  the  tail-spot  also.  In  staine( 
specimens  the  first  8  /t  is  clear,  without  nuclei ;  at  62  /*  the  columi 
of  nuclei  is  broken  by  an  irregular  transverse  spot ;  at  99  ^  by  ; 
triangular  spot;  at  253  /*  by  a  large,  and  at  267  /i.  by  a  small 
spot.  The  last  nuclei  are  arranged  in  single  file.  One  noticeabl< 
thing  about  these  embryos  is  the  scarcity  with  which  they  are  me 
with  in  the  peripheral  blood  as  compared  with  M.  bancrofti.  N( 
explanation  of  this  is  forthcoming  at  present. 

It  has  been  thought  by  Manson  that  the  further  stages  of  th( 
life-history  will  be  found  in  the  mango-fly  (Chrysops  dimidiatus) 
but  others  suspect  not  merely  Tabanidae,  but  GlossincB  and  Stomoxys 
in  any  case,  the  matter  is  purely  conjectural  at  present. 

After  entering  the  human  body,  it  would  appear  probable  tha 
the  worm  takes  some  three  to  four  years  to  reach  maturity,  anc 
that  it  is  long-lived  —  i.e.,  fifteen  or  more  years.  The  reason  fo: 
believing  this  is  the  fact  that  immature  forms  may  be  noted  ii 
children  and  the  fully  grown  worm  found  in  the  adult.  When  thi 
worm  dies,  it  may  become  cretified. 

Pathogenesis. — It  may  be  noted  under  the  skin  of  the  finger,  th( 
back,  the  breast,  the  penis,  the  eyelid,  under  the  conjunctiva,  tht 
mucosa  of  the  tongue.  It  moves  quickly,  and  may  cause  itching 
creeping  sensations,  so-called  Calabar  swellings,  irritation  of  thf 
eyes  and  of  the  glottis  (see  Chapter  LIL,  p.  1046). 

Subgenus  Hamularia  Treutzler  1793. 

Synonym. — Tentacularia  Zeder  1800,  nee  Bosc  1797. 

Filaria  with  chitinous  ring  and  papillae  around  the  mouth. 

Filaria  (Hamularia)  equi  Gmelin  1789. 

Synonyms. — Gordius  eguinus  Abbild  iy8g,  Filaria  equi  Gmelin  1789,  Hamu 
lana  lymphatica  Treutzler,  Tentacularia  subcompressa  Zeder  1800,  Filarit 
papulosa  Rudolphi  1802,  F.  hominis  bronchialis  Rudolphi  1829,  F.  homini 
Diesing  185 1,  Strongylus  bronchialis  Cobbold  1879. 

History. — Hamularia  is  frequently  found  in  horses  and  asses,  generalb 
in  the  abdominal  cavity,  but  also  in  the  liver,  female  genitalia  and  cranium. 

It  is  doubtful  whether  the  immature  Filarits,  so  commonly  met  with  ii 
horses'  eyes  in  India  and  Ceylon,  belong  to  this  species.  It  was  first  found  ii 
human  beings  by  Treutzler  in  an  enlarged  bronchial  lymphatic  gland.  Othe 
cases  have  been  noticed  by  Blanchard,  Brera,  and  von  Linstow. 

Morphology. — Whitish  filiform  body  pointed  posteriorly.  Cuticle  with  delicati 
transverse  striata,  and  mouth  small,  round,  with  chitinous  ring  and  two  lips 
and  papilliform  processes  dorsaUy  and  ventrally,  and  two  sub-median  papillae 

Male  6  to  8  centimetres  in  length,  with  posterior  extremity  spiral,  wit] 
four  pre-anal  and  four  post-anal  papillae,  and  two  unequal  spicules. 

Female  9  to  12  centimetres. 

Pathogenesis. — Nil. 
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Microfilaria  Le  Dantec. 

A  collective  group  of  the  larvae  of  unknown  adult  Filarida  found 
in  the  blood  of  man  and  other  vertebrates. 

Filaria  (Microfilaria)  powelli  Penel  1905. 

This  Microfilaria  was  found  by  Powell  in  1903  in  the  blood  of  a 
Bombay  policeman. 

It  showed  a  nocturnal  periodicity(?),  was  provided  with  a  sheath, 
measured  131  yu  by  5-3  /*,  and  had  a  truncated  tail. 

Filaria  (Microfilaria)  philippinensis  Ashburn  and  Craig  1906. 

Ashburn  and  Craig  described  this  blood  filaria  in  May,  1906. 
It  measures  0-29  to  0-335  millimetre  in  length,  has  no  periodicity, 
is  actively  and  progressively  motile,  and  is  enclosed  in  a  tight- 
fitting  sheath,  within  which  it  cannot  slip  backwards  and  forwards, 
and  which  is  only  clearly  seen  at  the  extremities.  The  anterior 
extremity  is  broad,  with  a  serrated  prepuce,  and  supports  a  small 
retractile  spicule.  The  body  has  an  outer  striated  musculo-cu- 
taneous  coat  and  an  inner  clear  portion,  with  an  anterior  V-spot 
situate  0'i05  millimetre  from  the  anterior  end,  and  piercing  the 
outer  coat  by  its  apex,  and  opening  on  the  surface. 

The  central  viscus  is  seen  as  a  convoluted  or  spiral  tube  in  the 
posterior  part  of  the  middle  third  of  the  body.  The  tail-spot  is  in 
the  centre  of  the  posterior  third  of  the  body,  and  opens  by  the 
apex  of  its  V  on  the  surface,  where  there  is  a  distinct  papilla. 
The  tail  begins  to  taper  at  a  point  midway  between  the  tail-spot 
and  the  posterior  end,  and  ends  in  a  fine  threadlike  point.  It  is 
thought  that  this  end  disappears  during  later  development. 

The  column  of  nuclei  runs  the  whole  length  of  the  worm, 
being  broken  by  unstained  areas  here  and  there.  In  stained 
species  the  V-spots  and  central  viscus  are  not  seen. 

Life-History. — ^This  Microfilaria  develops  in  Culex  fatigans  Wied. 
On  entering  the  stomach  of  the  mosquito,  it  escapes  from  its  sheath 
within  twenty-four  hours,  and  has  pierced  the  stomach-wall  and 
appeared  free  in  the  coelom,  where  many  die,  but  others  develop 
rapidly,  and  complete  their  mosquito  cycle.  Generally  by  the 
third  day  they  have  left  this  position  and  travelled  into  the 
thoracic  muscles,  where  they  develop.  At  first  there  is  a  decrease 
in  length  from  0-32  to  0-21  miUimetre,  but  an  increase  in  breadth 
from  o'Oo65  to  o'oi  millimetre. 

By  the  eighth  day  the  Filaria  has  increased  in  length  and  breadth, 
and  shows  an  alimentary  canal  along  its  whole  length. 

From  this  till  the  eleventh  day  the  development  is  rapid,  and  the 
worm  now  measures  from  i'2  to  i-6  millimetres  in  length  by  0-04 
to  0-02  millimetre  in  breadth,  and  has  a  mouth,  oesophagus,  chyle 
intestine,  and  an  anus,  and  the  tail  has  three  Well-defined  papillae. 

From  the  eleventh  to  twelfth  day  the  worms  are  found  m  the 
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head,  and  by  the  fourteenth  to  fifteenth  day  in  the  labium,  lyin, 
side  by  side,  with  their  heads  pointing  forwards. 

As  many  as  four  can  be  seen  in  this  position.  In  the  labium  the; 
have  diminished  in  width  and  increased  in  length.  They  no\ 
show  two  tubes  running  parallel  with  the  alimentary  canal,  whic] 
are  probably  the  anlage  of  the  generative  glands. 

Agamofilaria  Stiles  1906. 

A  purely  collective  group,  to  contain  agamic  forms  of  Filariids 
which  have  not  yet  reached  a  stage  in  their  development  per 
mitting  their  being  generically  determined. 

Species. — Agamofilaria  georgiana  Stiles  1906,  A.  oculi  Diesinj 
1851,  A.  falpebralis  Pace  1867. 

Agamofilaria  georgiana  Stiles  1906. 

These  immature  Filaria  were  obtained  by  Graham  from  a  sore  01 
the  leg  of  a  negress  at  Darien. 

They  were  cylindrical  in  shape,  with  a  more  or  less  uniforn 
diameter,  gradually  attenuating  towards  both  extremities.  Moutl 
terminal,  central,  circular,  small,  unarmed,  and  surrounded  bj 
six  papillae,  four  of  which  were  prominent  and  sub-median ;  tw( 
were  smaller  and  latero-median.  Anus  a  transverse  sht,  situatec 
from  64  to  128  ju  from  the  posterior  end.  Tip  of  the  taU,  wit! 
corneal  projections,  8  to  13  /x  in  length  by  4  /*  in  breadth 
Excretory  pore  0'432  to  0'520  millimetre  from  anterior  end. 

Cuticle  without  striation,  except  some  very  fine  transverse  line; 
near  the  anus.  Median  lines  visible  in  glycerine  specimens.  Latera 
bands  rather  prominent,  with  longitudinal,  sinuous  ridges  hang 
ing  into  the  body  cavity,  and  with  longitudinal  canal  emptjnnj 
into  excretory  pore.  (Esophagus  simple,  2'5  to  2"9  milUmetres  ii 
length,  triradiate  on  section.  Chyle  intestine  straight.  Rectun 
200  ^  long.  Body -cavity  almost  completely  occupied  by  thi 
intestine,  lateral  longitudinal  glands,  and  reticular  formation 
which  is  probably  the  primordium  [anlage)  of  the  genital  apparatus 

Agamofilaria  oeuli  von  Nordmann  1832. 

Synonyms. — Filaria  oculi  humani  von  Nordmann  1882,  F.  lentis  Diesini 
1851. 

These  are  immature  filarial  worms,  found  in  cataracts  by  von  Nordmann 
Gescheidt,  and  Kiilint.  Braun  rejects  those  by  Quadri,  Fano,  Schoeler,  an( 
Everbusch.  The  common  error  here  appears  to  be  to  mistaie  the  remains  o 
the  hyaloid  artery  for  a  parasite.  The  worms  measured  from  0'38  millimetr 
up  to  1 2 '6  millimetres  in  length. 

Agamofilaria  palpebralis  Pace  1867,  nee  Wilson  1844. 
This  Filaria  was  removed  from  a  tumour  in  the  upper  eyelid  of  a  boy. 

Family  6.  Mermithid^e. 
Nematoda  with  a  diagonal  fibre  system  in  the  cuticle,  without  anus,  am 
with  six  mouth  papillae. 

The  male  has  two  spicules  and  three  rows  of  numerous  papillae. 
Genus. — Mermis. 
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Mermis. 

Mermithidae  possessing  the  characters  of  the  family. 

Subgenus  Agamomeris. 

A  purely  collective  group,  which  contains  forms  sexually  immature  and 
not  capable  of  bemg  definitely  placed. 

Agamomeris  restiformis  Leidy  1880. 

Synonym. — Filaria  restiformis  Leidy  1880. 

In  1880  Leidy  received  from  Woodward  a  worm  which  was  supposed  to 
have  come  from  the  urethra  of  a  man  living  in  America.  Stiles  has  re-examined 
this  specimen,  and  concludes  that  it  is  an  Agamomeris. 

The  cuticle  is  32  to  48  m  thick,  with  a  diagonal  fibre  system.  The  head  end 
IS  attentuated,  and  possesses  a  very  small  terminal  mouth  without  lips, 
behind  which  are  six  papilla?.  The  excretory  pore  (?)  is  0-442  millimetre 
behind  the  mouth.  The  pharynx  is  straight,  and  opens  into  the  cylindrical 
intestine,  which  is  a  dark  caecal  structure  ;  but  there  is  no  anus  and  no  caudal 
papillae.     The  tail  is  curved  ventrally  and  bluntly  rounded. 

On  one  side  of  the  oesophagus  there  is  a  bhnd  sac,  which  probably  represents 
the  fat  body. 

Filaria  (?)  hominis  oris  Leidy  1850. — Perhaps  this  worm  ought  to  be 
classified  here  instead  of  under  Filaria. 

Family  7.  Trichinellid^. 

Nematoda  with  the  anterior  portion  of  the  body  thin  and  whip- 
hke  ;  posterior  portion  thick  with  genitaha.  Mouth  small,  without 
papillae.  (Esophagus  very  long,  traversing  a  peculiar  strand  of 
cells. 

Genera. — Trichinella,  Trichuris. 

Trichinella  Railliet  1895. 

Synonym. — Trichina  Owen  1835,  nee  Meigen  1830. 

Very  small  Trichinellidae,  with  thin,  hair-like  bodies.  Posterior  end  of  the 
male  with  two  cone-like  appendages,  between  which  the  cloaca  is  situate. 
Vulva  placed  far  forwards. 

Trichinella  spiralis  Owen  1835. 

Synonym. — Trichina  spiralis  Owen  1835. 

T.  spiralis,  though  discovered  by  Paget  in  1835  and  described  by  Owen, 
had  been  previously  seen  by  Peacock  in  1828  and  by  Hilton  in  1833. 

It  is  really  a  parasite  of  the  black  rat  (Mus  rattus)  and  the  sewer  rat 
[M.  norvegicus),  in  which  the  rate  of  infection  is  placed  from  8-3  to  100  per 
cent.,  according  to  the  locality,  but  it  spreads  from  the  rat  to  pigs,  dogs, 
cats,  and  many  other  animals. 

Man  becomes  infected  from  the  pig  as  a  rule,  for  that  animal  is  particularly 
liable  to  the  disease,  because  it  is  apt  to  be  fed  upon  scraps  of  raw  meat.  Further, 
the  larva  in  the  flesh  of  the  pig  is  very  difficult  to  kill,  for  it  will  resist  a 
temperature  of  80°  C,  pickling,  smoking,  and  freezing.  Hence,  though 
ham  be  well  boiled,  it  does  not  follow  that  the  larvae  in  its  centre  are  killed. 
Sausages,  however,  are  the  greatest  danger,  for  in  them  the  larvae  can  live  well 
protected. 

In  order  to  infect  man,  there  must  be  a  source  of  infection  for  the  pig, 
and  this,  in  the  first  instance,  can  come  from  the  rat,  and  afterwards  be 
kept  up  in  the  pig,  and  then  the  transmission  to  man  is  easy. 

As  rats,  pigs,  and  men  are  cosmopolitan,  so  trichiniasis  is  also  cosmopolitan. 
It  is  not  uncommon  in  certain  parts  of  India,  and  is  known  in  China.  In 
considering  the  endemicity  of  the  disease,  it  must  not  be  forgotten  that  the 
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wild  boar  {Sus  scrofa  ferox)  is  susceptible.  The  disease  is  supposed  to  ha\ 
been  introduced  into  Europe  from  Asia,  either  by  Mus  norvegicus  at  the  en 
of  the  eighteenth  century,  or  by  the  Chinese  pig  from  1820  to  1830.  A 
present  it  is  common  also  in  America. 

Morphology  and  Lile-History. — It  is  usually  found  in  human  or  pig' 
muscles,  where  it  appears  as  minute  white  specks,  which,  when  magnifiec 
are  found  to  be  encysted  larvae.  These  cysts  are  oval,  with  their  long  axi 
in  the  same  direction  as  that  of  the  muscular  fibres,  measuring  400  by  250  a 
The  cyst  membrane  is  formed  from  inflamed  connective  tissue,  which  ha 
invaded  the  infected  muscular  fibre.  Inside  the  cyst  is  the  coiled-up  worm 
In  this  condition  the  larvae  may  live  for  years,  but  may  be  killed  by  calcifica 
tion.  They  are  mostly  found  in  the  diaphragm,  the  larynx,  tongue,  abdo 
minal  and  intercostal  muscles. 

When  these  cysts  reach  the  stomach  of  a  man  or  animal,  the  gastric  juici 
dissolves  the  cyst-wall,  and  the  parasites  escape,  and,  entering  the  duodenun 
and  jejunum,  they  grow  into  adult  males  3  to  4  millimetres  long  by  60  /i  ii 
diameter,  and  females  i"4  to  i'6  millimetres  long  by  40  jn  in  diameter,  whicl 
copulate.  The  males  now  die  off,  and  the  females,  increasing  in  size,  penetrat( 
the  mucosa  of  the  bowel  until  they  reach  a  lymph-channel,  in  which  they  de 
posit  their  larvae,  which  are  born  alive.  Leuckart  says  one  female  gives  ris< 
to  1,500  larvae,  which  are  carried  by  the  lymph  and  blood  streams  aU  over  tht 
body.  The  larvae  now  leave  the  capillaries,  and  work  their  way  into  tht 
tissues,  and  in  about  nine  to  ten  days  encapsule  in  the  muscles,  the  attacked 
fibres  of  which  degenerate  and  become  inflamed,  and  the  cyst  already 
described  is  formed. 

Pathogenesis. — When  the  female  pierces  the  mucosa,  and  during  the  wan- 
dering through  the  lymph  and  blood  of  the  larvas,  very  severe  symptoms 
called  trichinosis  or  triclumasis  are  produced. 

Trichuris  Biittner  1761. 

Large  Trichinellidse,  with  the  anterior  part  of  the  body  very  long 
and  thread-like,  and  the  posterior  thicker  portion  sharply  trun- 
cated, with  a  terminal  anus.  Male  with  a  spirally-rolled  posterior 
end  and  one  spicule  ;  female  with  one  ovary,  and  the  vulva  situated 
at  the  junction  of  the  thirmer  and  thicker  parts  of  the  body. 

Species  in  man  :  Trichuris  trichiura. 

Trichuris  trichiura  Linnaeus  1761. 

Synonyms. — Ascaris  trichiura  L.  177 1,  Trichocephalus  hominis 
Schrenk  1788,  T.  dispar  Rudolphi  1801. 

This  worm  is  very  commonly  met  with  in  the  tropics.  Its  eggs 
appear  in  the  faeces,  and  it  is  met  with  in  the  cascum  and  sometimes 

in  the  vermiform  appendix  during  post- 
mortems.    Its  anterior  end  is  frequently 
found  buried  in  the  mucous  membrane, 
Fig    6   — D^       ^       ^      ^^^  while  in  this  position  it  is  possible 
THE  ^Egg  ^of^Tmchuris    ^^^  bacteria  to  enter  and  cause  disease — 
TRICHIURA.  e.g.,  appendicitis. 

(After  Stiles.)  ^^  i^  commonly  called  the  whip-worm, 

and  is  cosmopolitan  in  its  distribution. 

Morphology.— The  male  measures  40  to  45  millimetres  in  length, 

and  is  easily  recognized  by  the  spirally  coiled  posterior  end.     Its 

spicule,  which  lies  in  a  retractile  pouch,  measures  2-5  millimetres. 
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The  female  measures  45  to  50  millimetres  in  length.  The  ova  are 
oval,  brown,  thick-shelled,  with  a  pale,  clear  body  at  each  pole, 
where  the  shell  is  deficient.     They  measure  50  to  54  by  23  /u. 

Life-History. — When  the  egg  appears  in  the  fseces,  it  is  unseg- 
mented,  and  is  said  to  take  eighteen  months  before  the  embryo  is 
fully  developed.  The  egg  with  the  enclosed  embryo  is  then  taken 
in  through  the  mouth  in  contaminated  food  or  water,  there  being 
no  intermediate  host.  The  shell  is  dissolved  by  the  gastric  juice, 
and  the  embryo  reaches  maturity  in  the  intestine  in  about  four  to 
five  weeks. 

Pathogenesis. — Usually  harmless,  but  may  give  rise  to  intestinal 
disturbance  and  at  times  appendicitis. 

Family  8.  Strongylid.e. 

Nematoda  with  cylindroid,  rarely  filiform  bodies,  mouth  usually 
with  six  oral  papillae,  with  or  without  chitinous  armature,  and  an 
oesophagus  more  or  less  enlarged  posteriorly.  Male  with  a  bursa 
copulatrix  and  one  or  two -equal  spicules.  Female  with  a  single  or 
double  ovary  ;  vulva  situated  anteriorly  or  posteriorly.  As  a  rule, 
the  species  are  small.     Oviparous  or  ovoviviparous. 

This  family  contains  a  large  number  of  genera.— Diodophyme, 
Strongylus,  Metastrongylus,  Trichostrongylus,  Agchylostoma,  Necator, 
Triodontophorus,  (Esophagostoma,  Physaloptera — which  have  been 
grouped  by  Railliet  into  three  subfamUies  : 

1.  DioctophymincB  (Eustr ongy lines) . — Mouth  unarmed,  bursa  with- 
out ribs  or  bands  {Dioctophyme). 

2.  Strongylifice. — Mouth  unarmed,  bursa  with  ribs  or  bands 
{Strongylus,  Metastrongylus,  Trichostrongylus). 

3.  SclerostomincB. — Mouth  armed,  bursa  provided  with  ribs 
[Agchylostoma,  Necator,  Triodontophorus,  (Esophagostoma,  Physalop- 
tera) . 

Subfamily  Dioctophymin^  Railliet. 

Strongylidaj  -with  unarmed  mouth,  Bursa  copulatrix  without  ribs  or  bands. 
Genus  Dioctophyme. 

Dioetophyme  Goeze. 

Very  large  Strongylidae  with  cyUndrical  bodies  ;  mouth  with  six  papillae 
Male  with  collar-like  bursa  and  one  spicule.  Female  with  one  ovary ;  vulva 
in  the  anterior  half  of  the  body. 

Dioctophyme  renale  Goeze  1782. 

Synonyms. — Ascaris  canis  et  martis  Schrenk  1788,  A.  visceralis  et  renalis 
Gmehn  1789,  Strongylus  gigas  Rudolphi  1802,  Eustrongylus  gigas  ^lesmg  1851, 
Strongylus  renalis  Moquin-Tandon  i86o,  Eustrongylus  vtscerahs  Railliet  i8«5. 

This  worm  lives  in  the  pelvis  of  the  kidney  in  the  dog,  seal,  otter  and  wolt. 
It  has  been  recorded  twelve  times  in  man,  if  the  records  really  refer  to  this 
worm.  ,  ^,         .  ,., 

Morphology. — The  worm  is  blood-red  in  colour,  but  otherwise  very  nKe  a 
large  A  scaris  lumbricoides.  Along  the  lateral  Unes  there  are  about  :  5  o  papiUae. 
The  submedian  ridges  are  well  developed,  and  the  anterior  extremity  some- 
what attenuated.     Cuticle  finely  striated  transversely. 

Male  40  centimetres  long  by  4  to  6  millimetres  broad  ;  bursa  without  rays. 
and  with  one  very  long,  slender  spicule  5  to  6  milhmetres  in  length.     Female 
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loo  centimetres  in  length  and  12  millimetres  in  thickness,  with  an  obtusi 
slightly  curved  posterior  end,  a  single  ovary,  and  a  vulva  situate  50  to  70  mill 
metres  behind  the  anterior  extremity.  Eggs  ovoid,  with  thick,  brownis 
shell  68  to  80  fi  by  40  to  43  /j,,  with  numerous  depressions. 

Life-History. — Development  begins  in  the  uterus  of  the  female,  but  stof 
at  a  certain  stage,  and  does  not  continue  (Balbiani)  until  brought  into  contac 
with  water  or  damp  soil,  when  the  egg  hatches.  The  embryo  is  240  /ihy  14/. 
cylindrical,  and  gradually  tapering  posteriorly.  The  head  is  pointed,  with 
terminal  mouth  without  papilte,  but  which  is  thought  to  be  provided  with 
small  protractile  dart.  The  further  development  is  not  known  ;  it  has  bee; 
thought  that  it  takes  place  in  figh,  but  experiments  have  failed  to  justif; 
this  view. 

Pathogenesis. — It  is  usually  found  in  the  kidney,  which  it  destroys.  Ii 
animals  it  has  also  been  found  in  mammary  and  perineal  tumours.  Symp 
toms  appear  to  be  hsematuria,  and  the  diagnosis  is  made  by  the  discovery  o 
the  eggs. 

Subfamily  :  Strongylin^  Railliet. 

Strongylidffi  with  unarmed  mouth  and  bursa  copulatrix  with  ribs  or  bands 
Genera. — Strongylus,  Metastrongylus,  Trichostrongylus. 

StPOngylUS  MiiUer. 

Mouth  nude  or  provided  with  papillse.  (Esophagus  dilated  posteriorly 
Male  with  well-developed  bursa  copulatrix,  supported  by  a  variable  numbe: 
of  ridges  and  provided  with  two  equal-sized  spicules.  Females  with  the  vulv; 
situated  in  the  posterior  half  of  the,  body. 

Strongylus  gibsoni  Stephens  1909. 

This  worm  was  discovered  by  Bell  in  the  faeces  of  a  Chinaman  in  Honj 
Kong,  and  described  by  Stephens. 

Morphology. — The  male  measures  21  milhmetres  by  0*4  milUmetre,  anc 
possesses  an  attenuated  head  with  two  cervical  papiUae,  and  a  mouth  witl 
two  lateral  papillas.  The  bursa  shows  two  well-marked  lobes,  continue( 
dorsally  on  to  the  body  as  a  V-shaped  sUt.  There  is  one  pair  of  ventral  rays 
and  six  pairs  of  dorsal  rays — an  anterior,  two  middle,  and  two  posterior 
which  last  arise  from  a  common  stem.  The  spicules  are  very  long  (7  milli 
metres)  and  delicate. 

The  female  measures  25  milhmetres  long,  and  possesses  a  pointed  tail,  01 
which  the  anus  opens  o'2  millimetre  from  the  tip,  while  the  genital  pore  i 
o'5  millimetre  from  the  same  extremity.  The  uterine  egg  measures  110  / 
by  S3  M. 

Llle-History. — Nothing  is  known  as  to  the  Ufe-history. 

Pathogenesis. — It  is  not  stated  whether  it  is  or  is  not  pathogenic. 

Metastrongylus. 

Mouth  with  six  small  papillje.  Male  with  a  bursa  copulatrix  and  twi 
spicules.  Female  with  two  ovaries  and  a  tapering  posterior  end  ;  vulvi 
situate  in  the  hinder  half  of  the  body.  Embryos  without  teeth,  and  wit] 
slightly  developed  oesophageal  bulb. 

Metastrongylus  apri  Gmelin  1789. 

Synonyms. — Gordius  pulmonalis  apri  Ebel  1777,  Ascaris  apri  Gmelin  1785 
Strbkgylus  suis  Rudolphi  1809,  S.  paradoxus  Mehlis  1831,  S.  elongatus  Dujardi'i 
1845,  S.  longevaginatus  Diesing  185 1. 

Metastrongylus  apri  is  not  uncommonly  found  in  the  bronchial  tubes  of  pig 
in  Germany  (60  per  cent.  Berlin,  15  to  52  per  cent.  Leipzig)  ;  occasionally  i 
infects  other  animals,  including  man.  Filaria  trachealis  Rainey  1855,  found  b' 
Rainey  and  by  Bristowe,  may  be  infections  of  man  with  this  parasite.  Diesin 
recognized  the  worm  in  the  lung  of  a  boy  aged  six  in  Klausenberg  in  1845 
It   is   said  to  also  occur  in  the  intestine,  but  this  is  looked   upon  as  acci 
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dental,  as  its  usual  habitat  is  the  lung,  where  it  may  cause  pneumonia  and 
bronchitis. 

Morphology. — Body  relatively  short  ;  colour,  white  or  brown  ;  mouth  with 
six  lips,  of  which  the  two  lateral  are  the  largest.  Male  12  to  25  millimetre  ^ 
in  length,  with  bilobed  bursa  with  five  ribs  in  each  lobe,  and  thin  spicules 
about  4  millimetres  in  length.  Female  20  to  40  millimetres  in  length,  with  a 
curved  posterior  end,  close  in  front  of  which  is  the  anus,  while  the  vulva  opens 
on  a  papilla  just  in  front  of  this.  Eggs  elliptical,  50  to  100  ^  by  39  to  72  |U  : 
when  oviposited,  they  already  contain  an  embryo. 

Lile-History. — Only  the  embryonic  and  larval  development  appear  to  havt 
been  studied.  From  analogy  with  Agchylostoma  a  sMu  infection  would  bf 
presumed  nowadays,  and,  further,  the  fact  that  the  worms  have  been  noted 
in  the  alimentary  canal  bears  quite  a  different  significance  to  what  it  did  years 
ago,  as  it  may  be  natural  for  the  worms  at  times  to  travel  from  the  lungi 
to  the  bowel  like  the  Agchylostome.  It  is  interesting  to  note  that  Leuckar' 
failed  to  infect  sheep  by  feeding  them  with  bropchial  mucus  full  of  embryos 

Pathogenesis. — This  subject  has  recently  been  studied  by  Santiocchi,  anc 
consists  essentially  of  bronchitis,  broncho-pneumonia,  and  pneumonia. 

Trichostrongylus  Looss  1905. 

Body  tapers  gradually  from  the  genital  opening  anteriorly.  Heac 
with  three  small  lips  and  blunt  or  pointed  papillae,  without  cuticula 
protuberances  or  neck  papillae.  Cuticle  transversely  striated 
oesophagus  long.  Male  with  the  bursa  closed  round  by  large  side 
flaps,  without  evident  median  folds ;  spicules  spoon-Hke,  with  1 
boat-shaped  accessory  piece. 

Female  with  the  genital  opening  in  the  posterior  half  of  the  body 
Tail  short,  with  two  small  papillae  near  the  tip.     Egg  thin-shelled 

Three  species :  Trichostrongylus  instabilis,  T.  -proholurus,  J 
vitrinus. 

Trichostrongylus  instabilis  Railliet  1893. 

Synonyms. — Strongylus  instabilis  Railliet  1893,  S.  subtilis  Loos 

This  species  was  found  by  Looss  in  post-mortems  on  fellahs  i: 
Alexandria  and  Cairo,  and  also  by  Ijima  in  a  woman  in  Japan.  I 
man,  however,  it  is  only  an  accidental  parasite,  being  really  foun 
in  the  duodenum,  rarely  in  the  stomach,  of  sheep,  antelopes,  drome 
daries  in  Egypt,  and  monkeys  in  North  America. 

Morphology. — Male  4  to  5  millimetres  in  length,  and  o-o8  mill 
metre  in  thickness  just  in  front  of  the  bursa.  Spicule  135  to  145 
in  length,  and  the  accessory  portion  70  /j.  in  length,  with  a  Ion 
muscular  oesophagus.  Bursa  with  two  lateral  semicircular  win§ 
connected  by  a  cross-bridge.  Ribs  arranged  asymmetricalh 
Female  5  to  6  millimetres  in  length,  and  about  009  milhmetre  1 
breadth.  Posterior  extremity  tapers  to  a  pointed  tail,  m  front  ( 
which  the  anus  is  situated,  0-055  to  0-07  milhmetre,  and  the  vuh 
1-05  to  I '2  mUlimetres.  Eggs  72  to  80  ^  by  40  to  43  /* ;  whe 
oviposited,  generally  contain  eight  to  twelve  celled  embryo. 

Life-History.— This  is  not  known. 

Pathogenesis. — Beheved  to  be  unimportant. 
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Trichostrongyliis  probolurus  Railliet  1896. 

Synonym. — Strongylus  probolurus  Railliet  1896. 

This  parasite  lives  in  the  duodenum  of  sheep,  antelopes,  an 
dromedaries  in  Egypt,  and  has  also  been  found  in  man  in  Egypt. 

Morphology. — Male  4-5  to  5-5  milHmetres  in  length,  o-o8  milli 
metre  in  breadth  just  in  front  of  the  bursa.  Spicule  iz6  to  134  /^ 
accessory  piece  75  to  80  /.i  in  length. 

Female  4-5  to  6  millimetres  in  length,  anus  0-04  to  0-05  milli 
metre,  and  vnlva  i'o8  to  1-25  millimetres  in  front  of  the  tip  of  th 
tail,  which  is  short. 

Egg  76  to  80  /*  by  43  to  46  fi. 

Pathogenesis. — As  t.  in,stabilis. 

Trichostrongyius  vitrinus  Looss  1905. 

T.  vitrinus  is  found  in  the  duodenum  of  sheep  and  dromedaries 
and  also  in  man  in  Egypt. 

Male  4  to  5-5  millimetres  in  length  by  0-085  millimetre  in  breadtl 
in  front  of  the  bursa,  which  is  larger  than  in  the  other  two  species 
Spicule  160  to  170  /*,  accessory  85  to  95  /x  in  length. 

Female  5  to  6'5  millimetres  long  ;  vulva  i^is  to  i'25  millimetre; 
in  front  of  the  tip  of  the  tail ;  egg  84  to  90  /a  by  46  to  50  /m. 

Life-History. — ^This  is  not  known. 

Pathogenesis. — Believed  to  be  unimportant. 

Subfamily  :  ScLERosTOMiNiE  Railliet. 

Strongylidse  with  armed  mouth  and  bursa  copulatrix  provided 
with  ribs. 

Genera. — Agchylostoma,  Necator,  Triodontophorus,  (Esophagostoma. 
Physaloptera. 

Agchylostoma  Dubini  1843. 

Synonyms. — Ancylostoma  Dubini  1843,  Dochmius  Dujardin  1845 
pro  parte. 

SclerostomincB  with  the  head  end,  where  the  mouth  is  situated, 
abruptly  truncated.  Mouth  large,  round,  with  its  ventral  margin 
armed  with  two  pairs  of  strong  hook-Uke  teeth,  the  points  of  which 
are  bent  backwards,  while  the  bases  are  continuous  posteriorly  with 
longitudinal  riblike  thickenings  of  the  external  surface  of  the 
capsule  wall.  The  aperture  of  the  dorsal  oesophageal  gland  can 
be  seen  in  the  dorsal  wall  of  the  mouth  capsule. 

Male  with  a  three-lobed  bursa,  broader  than  long,  with  two 
spicules.     Female  with  vulva  behind  the  middle  of  the  body. 

Agchylostoma  duodenale  Dubini  1843. 

Synonyms. — Strongylus  quadridentatus  von  Siebold  1851,  Dochmius 
anchylostomum  Molin  i860,  Sclerostoma  duodenale  Cobbold,  Stron- 
gylus duodenale  Schneider  1866,  Dochmius  duodenalis  Leuckart 
1876  pro  parte. 
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This  worm,  which  is  the  great  cause  of  tropical  anaemia,  was  per- 
haps known  to  the  ancient  Egyptians  under  the  term  '  Heltu,'  men- 
tioned in  the '  Ebers  Papyrus, '  which  is  supposed  to  have  been  written 
some  1550 years  B.C.,  the  disease  being  called  A.A.A.,  and  a  remedy 
being  advised.  Perhaps  the  same  anaemia  is  referred  to  in  the '  Harita 
Samhita '  under  the  term  '  pandu  roga,'  which  was  said  to  be  caused 
by  swallowing  clay.  If  this  is  correct,  then  knowledge 
of  anaemia  due  to  geophagy  is  very  old  indeed.  Tf  the 
ancients  did  really  know  about  this  worm,  and  the 
disease  caused  thereby,  the  knowledge  was  totally 
lost,  and  it  was  not  till  Dubini  in  1838  discovered 
the  worm  in  a  peasant-woman  in  Milan  that  modern 
medicine  knew  anything  about  its  existence.  Pruner, 
in  1846,  found  the  parasites  in  Egypt,  and  Griesinger, 
in  185 1,  showed  that  it  was  the  cause  of  Egyptian 
anaemia.  Wucherer,  in  1872,  found  that  it  was  the 
cause  of  tropical  anaemia  in  Brazil  (called  '  opilafao'). 
Perroncito  found  that  it  was  the  cause  of  the  anaemia 
which  badly  affected  the  miners  employed  in  the 
St.  Gothard  turmel.  Grassi  and  Parona  in  1878 
discovered  the  eggs  in  the  faeces,  thus  enabling  a 
diagnosis  to  be  made  during  hfe.  The  wide  geo- 
graphical distribution  of  the  parasite,  and  the 
amount  of  disease  which  it  causes,  is  slowly  being 
realized,  and  the  deaths  from  anaemia,  general  dropsy, 
and  so-called  beri-beri,  etc.,  in  different  tropical 
regions  are  being  found  to  be  due  to  this  animal. 

The  development  and  method  of  infection  have 
been  completely  traced  out  by  Looss  in  Egypt  in  a. 
most  masterly  manner. 

In  1902  Stiles  found  that  under  the  term  Agchy- 
lostoma  two  different  parasites  were  being  confused, 
one  corresponding  to  Dubini's  Agchylostoma  duode- 
nale,  and  the  other  new,  which  he  named  Necator 
americanus.  Leiper  has  shown  how  widespread  this 
latter  parasite  is. 

The  geographical  distribution  is  probably  not 
■correctly  known,  because  in  many  places  it  is 
confounded  with  Necator.  It  is  supposed  to  be 
cosmopolitan  in  tropical  regions,  and  m  mines  and 
tunnels  in  colder  cUmates,  in  which,  of  course  the 
air-temperature  is  higher  than  that  of  the  outside. 

Morphology.— The  body  is  cylindrical,  tapermg 
from  back  to  front  in  both  sexes.  Dunng  life  it  is 
flesh-coloured.  The  cuticle  is  ringed.  The  mouth  is 
terminal,  with  a  chitinous  wall,  which  ventrally 
carries  two  pairs  of  hook-like  teeth,  and  dorsally  one  pair 

tSie  of  tL  outer  ventral  tooth  opens  the  single  celled  head  glanc 
which  runs  through  nearly  half  the  length  of  the  body.     In  «ie  fioc 


Fig.  168. — A( 
chylostom 
duodenal 
Dubini  (Male 

(After  Looss. 
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of  the  mouth  there  are  two  ventral  chitinous  plates,  and  the  promi- 
nent opening  of  the  dorsal  head  gland  (often  called  a  tooth). 

Male  measures  about  lo  millimetres  in  length  by  0-4  to  0-5  milli- 
metre in  breadth,  and  possesses  a  bursa  copulatrix  at  the  posterior 
end,  which  is  umbrella-shaped  and  supported  by  chitinous  rods, 

which  are  arranged  as  follows :  In  the 
median  dorsal  line  is  the  costa  dorsalis, 
which  di\'ides  dorsally  into  two  small 
branches,  which  are  ramified  at  their 
tips.  Postero-laterally  there  is  one  root 
on  each  side — the  single  costa  dorsalis 
externa,  in  front  of  which  is  a  single 
broad  lateral  root,  which  divides  into 
the  costa  lateralis  posterior,  the  costa 
lateralis  media,  and  the  costa  lateralis 
externa;  while  anteriorly  also  on  each 
side  is  the  costa  ventralis.  Through  the 
opening  of  this  bursa  project  the  two 
spicules,  unless  they  are  retracted,  which 
are  long  and  slender,  and  measure  about  2  millimetres  in  length. 
The  male  generative  apparatus  consists  of  a  testes  in  the  form 
of  a  tube,  an  oval  vesicula  seminalis,  and  a  long  cement  gland, 
whose  secretion  fixes  the  male  to  the  female  during  conjugation, 
and  a  spicule  sac. 


Fig.   169. — Anterior  End 
OF      Agchylostoma 

DUODENALE   DUBINI. 

(After  Loess,  from  Mense's 
'  Tropenkrankheiten.') 


Fig.   170. — The  Median  and  External  Caudal  Bursa  of  Agchylostomj 

DUODENALE   DuBINI. 

I,  Costa  dorsalis;  2,  costa  dorsalis  externa;  3,  costa  lateralis  posterior  et 
externa  ;  4,  costa  lateralis  media  ;  5 ,  costa  ventralis. 

(After  Railliet,  from  Stilus's  Report.) 

The  female  measures  12  to  13  millimetres  in  length,  and  has  the 
vulva  at  the  junction  of  the  middle  and  hinder  parts  of  the  body, 
from  which  a  short  vagina  opens  into  two  tubes,  which  are  divisible 
mto  ovijector,  uterus,  receptaculum  seminis,  and  an  ovary. 

Life-History. — The  adult  worms  live  chiefly  in  the  jejunum  of  the 
host,  where  they  feed  upon  the  villi.  Blood  is  only  accidentally  found 
in  a  worm.     Here  the  females  lay  the  eggs,  which  are  oval  in  form. 
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with  broad  rounded  poles,  surrounded  by  a  colourless  shell  whir 

IS  really  double  but  looks  single,  inside  which  l^^ri^oval  ianula 

mass  separated  from  the  shell  by  a  considerable  spa?eAs^heee 

travels  down  the  alimentary  canal  the  granular     ^  ^ 

mass  divides  into  two,  and  finally  into  four 

segments,  in  which  condition  the  egg  is  usually 

found  m  the  faeces.     Development  proceeds  in 

the  fffices  depending  upon  the  temperature  of 

the  atmospheric  air.     In  twenty-four  hours  if 

supplied  with  air,  water,  and  heat,  the  embrVo 

can  be  seen  coiled  up  in  the  egg,  from  which 

it  escapes  as  a  larva,  and  feeds  on  the  fscal 

material.     The  larva  is  needle-shaped,  pointed 

posteriorly,  and  measure  200  to  250  /x  in  length 

by  15  to  17  IX  in  breadth,  and  is  rhabdite  in 

form,  with  a  long  cylindrical  terminal  mouth, 

opening    into    an    oesophagus,    which,    after 

narrowing,  swells  out  into  a  bulb  with  three 

valves.     The  straight  intestine  surrounded  by 

granular  material  opens  mto  an  anus  situate 

some  distance  in  front  of  the  tip  of  the  tail. 

This  larva  undergoes  a  first  ecdysis  when  it 

becomes   narrower,  and  the    oesophagus  and 

mouth   lose   their    characteristic   appearance, 

while  it  forms  a  new  skin  inside  the  chitinous 

cuticle,  so  that  (at  the  end  of  five  days  in  the 

tropics)  it  now  ceases  to  grow  and  feed,  and 

takes  to  water  or  moist   earth,  where  it  can 

remain  unchanged  for  months,  hving  on  the 

food-material  enclosed  in  its  own  cells  (stage 

of  encystment).    During  this  condition  it  may 

be  quite  active,  and  can  swim  and  climb  up 
any  surface  which  is  wet.  This  is  an  important 
factor  in  explaining  the  production  of  certain 
kinds  of  skin  eruptions.  It  is  now  ready  to 
infect  man,  which  it  does  through  the  hair- 
follicles  of  the  skin,  causing  eruptions  or  sores 
— e.g.,  ground-itch. 

From  the  hair-follicles  it  forces  its  way  via 
the  subcutaneous  tissue  into  the  venous  blood- 
vessels   and    lymphatics.     In    the    former   it 
reaches  the  right  heart  and  the  lungs  easily  ;       ^^    ^ 
in  the  latter  many  are  killed  in  the  lymphatic 
glands,  but  some  get  through  to  the  blood,  ^'°-  i7i.— agchylos 
and  in  this  way  are  carried  to  the  lungs.    They 
now  work  their  way  out  of  the  capillaries  into 
the  lumen  of  the  air  cells,  and  travel  up  the 
bronchi,   trachea,   and   larynx   into   the   oesophagus   (they   might 
by  chance  get   into   the   mouth),   and  so  through  the   stomach 

28—2 
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DuBiNi  (Female). 
(After  Looss.) 
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to  the  intestine.  The  time  occupied  by  this  journey  is  believec 
to  be  from  seven  to  ten  days.  In  the  skin  they  undergo  theii 
second  ecdysis,  and  later  a  third  and  fourth  ecdysis  takes  place  ii 
the  alimentary  canal,  the  third  in  four  to  five  days,  and  the  fourtl 
from  four  to  six  days  after  their  arrival.  They  now  measure  3  to  ; 
millimetres  in  length,  and  eight  days  later  the  generative  organs 
begin  to  attain  maturity,  and  the  first  copulations  take  place,  anc 
a  few  days  later  the  first  eggs  appear  in  the  faeces,  thus  completing 
the  cycle  of  development,  of  which  the  portion  after  infectior 
occupies  four  to  six  weeks. 

The  more  important  morphological  changes  which  take  place  in  the  humai 
body  may  be  briefly  recapitulated. 

On  entering  the  skin  the  third  stage  of  development  begins,  during  whict 
the  provisional  buccal  capsule  is  formed.  A  third  ecdysis  ushers  in  the  fourtl 
stage,  characterized  by  the  provisional  buccal  capsule  armed  with  a  dorsal 
and.  a  ventral  pair  of  teeth.  During  this  stage  the  sexes  become  differentiated 
and  the  permanent  buccal  capsule  is  formed.  The  fourth  ecdysis  results  ii 
the  appearance  of  the  adult  worms. 


-Agchylostoma  duodenale  Dubini  : 
Rhabditiform  Embryo. 


Development  or  the 


Fig.   172.- 

(After  Looss,  except  the  last  figure,  which  is  after  Perroncito.) 


The  number  of  females  can  be  calculated  from  the  number  ol 

A 
eggs  in  the  fjeces  by  the  formula  X=  — ,  where  X  is  the  numbei 

of  females  and  A  the  number  of  eggs  in  a  gramme  of  faeces. 

This  history  has  been  pieced  together  by  Looss  from  observations 
on  the  infection  of  Agchylostoma  duodenale  in  man  and  A.  caninum 
in  dogs. 

These  discoveries  of  Looss  have  been  confirmed  by  Lambinet.  Sambon 
while  agreeing  with  the  view  that  the  worms  penetrate  the  skin  and  worl 
their  way  to  the  lungs,  considers  that  they  pass  from  the  pulmonary  arteri 
to  the  pulmonary  veins,  and  in  this  way  reach  the  general  blood-stream,  anc 
in  due  course  the  jejunum,  the  mucosa,  of  which  they  pierce,  and  enter  th 
lumen  of  the  bowel.  He  believes  that  the  worms  seen  in  the  trachea,  larynx 
and  stomach  by  Looss  are  merely  stray  specimens  which  have  escaped  in  th 
air  cells  from  the  vessels  of  the  lungs.     His  reasons  for  this  belief  are  : 

1 .  The  larval  forms  of  A .  dtiodenale  have  seldom  been  found  in  the  stomach 
and  when  found  in  this  organ  are  lodged  beneath  the  epithelium. 

2.  They  are  invariably  absent  from  the  duodenum. 

3.  They  have  been  found  in  the  left  heart,  in  the  pulmonary  and  azygo 
veins,  in  the  thoracic  duct,  in  the  peritoneum,  in  the  kidnejrs,  in  the  lympl 
glands,  and  in  the  connective  tissue  of  various  regions. 

4.  At  the  beginning  of  the  infection  there  is  always  an  intense  haemorrhagi 
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inflammation  of  the  jejunum,  which  entirely  subsides  later  on.  notwithstane 
mg  the  presence  of  enormous  numbers  of  parasites  in  the  intestine 

5.  Immature  forms  have  been  found  ^gain  and  again  in  blood-filled  space 
beneath  the  intestmal  mucosa  by  Bilharz,  Griesinger,  Sonsino,  Grassi;  an 
many  other  competent  investigators. 

6.  A  number  of  other  worms  which  inhabit  the  intestinal  cavity  at  maturity 
such   as   (Esophagostomum,   Sclerostomum,  A  scans,   Gnathostomum,   etc.,  i 


Fig.  174. 


Fig.  175. 


Fig.  176. 


Fig.   173. — AGCHYLOSTOMA  DUODENALE  DuBiNi :  FiRST  (larval)  Stage  o: 
Development.     (After  Looss,  from  Mense.) 

Fig.   174. AGCHYLOSTOMA  DUODENALE  DUBINI  :  SECOND  STAGE  OF  DEVELOP 

MENT.     (After  Looss,  from  Mense.) 

Fig.    175. AGCHYLOSTOMA   DUODENALE  DUBINI  :   THIRD  STAGE  OF  DEVELOP 

MENT.     (After  Looss,  from  Stiles.) 

Fig.  176. AGCHYLOSTOMA  DUODENALE  DUBINI  :  FOURTH  STAGE  OF  DEVELOP 

MENT.     (After  Looss,  from  Stiles.) 

Fig.    177. AGCHYLOSTOMA  DUODENALE  DUBINI  :   FIFTH  STAGE  OF   DEVELOP 

MENT.     (After  Looss,  from  Stiles.) 

an  earlier  developmental  stage  are  usually  found  either  free  or  encystec 
beneath  the  intestinal  mucosa. 

He  also  believes  that  when  the  larvse  are  taken  in  by  way  of  the  mouth 
they  probably  pierce  through  the  walls  of  the  oesophagus  like  the  larvae  oJ 
Hypoderma  bovis  (see  Chapter  XX. ) ,  and  reach  their  intestinal  habitat  by  wa  y  oi 
the  vessels  in  exactly  the  same  way  as  those  which  penetrate  the  hair-follicle. 
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Necator  Stiles  1903. 

Sclerostominse  closely  resembling  Agchylostoma,  but  distinguishec 
therefrom  by  the  small  mouth  capsule,  which  is  armed  only  b} 
semilunar  plates.  The  head  is  strongly  bent  dorsally.  In  the  mal( 
the  bursa  is  bilobed.  In  the  female  the  vulva  lies  in  the  anterioi 
part  of  the  body. 

Species. — Necator  americanus. 

Necator  americanus  Stiles  1902. 

Synonyms. — Dochmius  duodenalis  R.  Leuckart  pro  parte,  Unci 
naria  americana  Stiles  1902,  Ancylostoma  americanum  von  Linstov 
1903  pro  parte. 

In  1902  Stiles  discovered  that  two  distinct  genera  were  beinj 
confused  under  the  term  Agchylostoma,  and  eventually  called  th( 


Fig.  178.  — The 
Oval  Capsule 
OF  Necator 
AM  ericanus 
Stiles. 

(After  Looss, 
from  Mense.) 


Fig.  179. — TiiE  Bursa  Copulatrix  of  a  Male 
Necator  americanus  Stiles. 

I,  Spicules  ;  2,  costa  ventralis  ;  3,  costa  lateralis  pes 
terior  ;  4,  costa  lateralis  externa  et  costa  lateralis  media 
5,  costa  dorsalis  externa  ;  6,  costa  dorsalis  ;  7,  dorsa 
lobe  ;  8,  lateral  lobe  ;  9,  ventral  lobe. 

(After  Stiles.) 


new  genus  Necator.  Leiper  has  recently  shown  that  this  new  genu 
is  very  widely  distributed  over  the  world,  and  is  the  common  cans 
of  agchylostomiasis  in  Ceylon ;  while  it  occurs  in  India,  Assam 
Burmah,  the  Philippine  Islands,  America,  and  has  been  found  ii 
West  and  Central  Africa  and  in  North-West  Rhodesia.  In  du 
course,  no  doubt,  it  will  be  reported  in  other  places. 

Morphology. — The  body  is  cylindrical,  and  somewhat  attenuate( 
anteriorly.  Head  acutely  bent  dorsally.  Mouth  with  a  ventra 
pair  of  prominent  semilunar  chitinous  plates  and  a  dorsal  pair  0 
slightly  developed  plates.  Into  the  floor  of  the  mouth  projects  th 
opening  of  the  dorsal  head  gland,  which  appears  like  a  dorsal  conica 
tooth,  while  deep  in  the  cavity  appear  one  pair  of  dorsal  and  on 


TRIODONTOPHORUS  4, 

pair  of  ventral  submedian  lancets.     Excretory  pore  0-5  millimeti 
behind  the  mouth,  with  cervical  papilla  on  either  side 

Male  7  to  9  millimetres  in  length  and  0-3  to  0-35  millimetre  i 
breadth.  The  bursa  consists  of  two  large  lateral  lobes  joined  to 
dorsal  median  lobe,  which  appears  as  if  divided  into  two,  and  t 
an  indistinct  ventral  lobe.  .  There  is  a  slight  ventral  enlargemen 
]iist  posterior  to  the  point  at  which  the  bursa  joins  the  body-wal 
1  he  costa  dorsalis  is  divided  at  its  base  into  two  diverging  branchc 
which  are  bipartite.  The  common  base  of  the  costa  dorsalis  an 
costa  dorsalis  externa  is  very  short,  while  the  latter  ray  is  lom 
slender,  and  clavate.  The  costa  lateralis  externa  is  closely  joinei 
to  the  costa  laterahs  media.  Two  small  precaudal  papillte  can  b 
seen  anterior  to  the  ventral  rays.  The  spicules  are  long  and  slendei 
0-92  millimetre  in  length,  and  terminate  in  barbed  points. 

Female  is  9  to  12-6  millimetres  in  length  ;  vulva  in  the  anterio 
half  of  the  body,  but  near  the  equator.  Eggs  57-5  to  80  /*  by  3' 
to  52-5  /* ;  average,  66  by  40  ^. 

Life-History.— Not  known. 

Pathogenesis. — It  causes  agchylostomiasis  in  certain  regions. 

Triodontophorus  Looss  1901. 

Synonyms. — Triodontus  Looss  1901,  nee  Westwood  1845. 

Sclerostominae  with  small,  almost  spherical,  thick-walled  ora 
cavity,  arising  from  the  floor  of  which  three  teeth  are  found,  eacl 
of  which  consists  of  two  surfaces  joined  together  at  an  acute  angle 
Male  bursa  is  finely  serrated  at  the  edge.  The  female  genital  orifice 
is  situate  a  short  distance  in  front  of  the  tip  of  the  tail. 

Found  in  horses  and  men. 

Triodontopliorus  deminutus  Railliet  and  Henry  1905. 

Railliet  and  Henry  in  1905  discovered  that  a  male  and  female 
parasite  presented  in  1865  by  Monestier  to  the  Paris  Natura] 
History  Museum,  and  collected  post-morteTn  from  an  American 
negro  who  died  in  Mayotte,  were  not  agchylostomes,  but  belonged 
to  Looss's  genus  Triodontophorus.  They  named  them  deminutus, 
because  of  their  small  size.  Leiper  also  met  with  some  specimens 
of  the  same  species  from  Johannesburg. 

Morphology. — ^To  the  naked  eye  their  size  and  general  appearance 
resemble  those  of  agchylostomes.  The  body  is  white,  cylindrical, 
tapering  towards  the  end.  Cuticle  transversely  striated,  and  forms 
an  over-hanging  transverse  fold  across  the  ventral  surface  of  the 
body  at  the  level  of  the  excretory  pore. 

The  mouth-collar  is  moderately  developed,  with  a  depth  of 
0^04  millimetre.  The  anterior  surface  carries  four  small  knob-like 
submedian  papillae,  and  the  edge  surrounds  the  entrance  to  the 
mouth  with  a  double  series  of  delicate  fringes  composed  of  cuticle. 
These  two  rows  constitute  the  external  and  internal  crowns  of  the 
corona  radiata. 
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The  buccal  capsule  is  a  barrel-shaped  chitinous  structure,  cappec 
and  covered  in  by  the  mouth-collar  and  the  corona  radiata.  Pos 
teriorly  it  touches  the  dilated  end  of  the  oesophagus,  whose  chitinoui 
lining  expands  into  a  funnel,  uniting  with  the  cuticle  on  the  outsid* 
of  the  oesophagus,  and  coming  near  the  cuticle  of  the  buccal  cavity 
It  shows  three  cuticular  edges  projecting  into  the  lumen,  which  are 
continued  forwards  as  three  stout  chitinous  prongs  or  teeth,  ont 
dorsal  and  two  ventral.  The  characters  of  these  teeth  are  specifi- 
cally important.  They  are  formed  of  two  plates  curved  longi- 
tudinally, and  meet  to  form  a  keel.  The  oesophagus  is  muscular, 
0-8  miUimetre  long,  and  with  three  fleshy  valves  guarding  its 
entrance  into  the  chyle  intestine.  The  rectum  is  short,  and  ends 
in  the  anus,  which  is  0-24  milhmetre  from  the  tip  of  the  tail.  Tht 
excretory  system  opens  on  the  ventral  surface  halfway  between  the 
posterior  limit  of  the  buccal  cavity  and  the  nerve  ring. 

The  male  is  9-5  millimetres  long  by  0'56  millimetre  in  breadth, 
with  a  spicule  O'g  mUhmetre  long.  Female  is  14  to  16  millimetres 
in  length,  and  073  millimetre  in  breadth,  with  a  tapering  posterioi 
extremity.  The  vulva  is  nearly  0'48  millimetre  from  the  hindei 
end.  The  vagina  is  short,  and  opens  into  two  uterine  tubules, 
The  uterine  eggs  are  60  to  80  /^  by  40  ij,,  with  a  delicate  shell  and 
often  a  morula. 

Life-History  and  Pathogenesis. — Unknown. 

CEsophagostoma  Molin  i860. 

Sclerostominse  in  which  the  mouth  is  small  and  circular,  with  a 
chitinous  ring,  which  carries  a  fold  and  six  papillae.  There  is  a 
marked  swelling  just  behind  the  anterior  extremity.  Male  bursa 
with  two  equal  spicules  ;  female  with  two  ovaries,  and  the  vulvE 
opening  situate  near'  the  anus. 

CEsophagostoma  brumpti  Railliet  and  Henry  1905. 

This  worm  was  found  in  cyst-like  nodules  in  the  csecum  and 
colon  of  a  negro  on  the  Omo  River,  near  Rudolph's  Sea  in  Easi 
Africa.     Only  the  female  is  known. 

Morphology. — Female  8'5  to  i0'2  millimetres  long  by  0-295  tc 
0-325  millimetre  broad,  white  and  cylindrical,  tapering  towards  thf 
posterior  end.  Cuticle  transversely  striated.  There  is  a  distensior 
behind  the  oral  cavity,  which  is  formed  of  a  cuticular  band  with  i 
crown  with  twelve  spines  ;  on  the  front  and  inner  side  lamellae ;  sis 
head  papillas  (two  lateral,  four  submedian).  Posterior  end  roundec 
off  with  three  broad  undulations. 

Pathogenesis. — Not  known. 

Physaloptera  Rudolphi  1819. 

Sclerostominse  possessing  mouth  with  usually  two  lips,  each  witl 
papillae  and  teeth.  Posterior  end  of  the  male  lancet-shaped,  owin^ 
to  a  widening  of  the  cuticle.     Bursa  bladder-shaped,  with  four  pain 
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of  pedunculated  external  papillae  and  a  number  of  sessile  interna] 
papillae  and  unequal  spicules.  Female  with  two  ovaries  ;  vulva 
situated  anteriorly. 

Physaloptera  caucasiea  von  Linstow  1902. 

This  has  only  been  found  once  by  M6netri6s  in  the  alimentary  canal  ol 
man  in  the  Caucasus. 

Male  1-42  millimetres  long  by  071  millimetre  broad.  Female  27  milli 
metres  long  by  i"i4  millimetres  broad.     Eggs  57  by  39  /u. 

Physaloptera  mordens  Leiper  1907. 

Leiper  recently  gave  notice  that  he  had  found  a  Physaloptera  in  a 
native  of  Uganda  at  Entebbe,  which  differed  from  P.  caucasiea  not 
only  in  size,  but  in  the  characters  of  the  caudal  extremity  of  the 
male. 

Family  9.  Ascarid^e. 

Nemathelminthes  with  three  oral  papillae,  one  dorsal  and  twc 
ventraJ ;  oesophagus  with  a  bulb.     Male  with  one  or  two  spicules 
female  with  two  ovaries. 

Genera. — Ascaris,  Toxascaris,  Belascaris,  Oxyuris. 

Ascaris  Linnaeus  1758. 

Ascaridae  in  which  the  oral  cavity  is  surrounded  by  three  larg( 
papillae,  one  placed  dorsally  and  two  ventrally.  Male  with  twi 
equal  spicules  and  numerous  pre-anal  and  post-anal  papillae.  Vulvi 
in  front  of  the  middle  of  the  body. 

Species. — Ascaris  lumbricoides,  A.  texana,  A.  maritima. 

Ascaris  lumbricoides  Linnaeus  1758. 

This  is  one  of  the  most  common  parasites  in  the  tropics.  It  is 
however,  possible  that  other  species  escape  recognition  by  beini 
casually  considered  to  be  Ascaris  lumbricoides.  It  is  usually  me 
with  in  the  small  bowel,  but  may  be  found  post-mortem  in  th 
stomach,  oesophagus,  mouth,  nose,  larynx,  trachea,  or  bronchi.  I 
may  also  be  found  escaping  from  the  anus.  More  rarely  it  has  beei 
seen  in  the  liver,  causing  abscesses,  in  the  pancreatic  duct,  and  ii 
the  vermiform  appendix,  and  in  worm  abscesses  in  the  body-wall 
Usually  it  gives  rise  to  no  symptoms,  but  at  times,  when  in  larg 
numbers,  it  may  cause  pathological  effects. 

Morphology.— It  is  yellowish  in  colour,  with  often  a  faint  trao 
of  a  reddish  tinge.  In  form  it  is  spindle-shaped.  Male  is  15  t^ 
25  centimetres  in  length  and  3  millimetres  in  diameter.  The  pos 
terior  extremity  is  conical,  and  bent  ventrally,  with  two  spicule 
2  millimetres  in  length,  and  broader  at  the  tips.  On  each  side  c 
the  cloaca  there  are  seventy  to  seventy-five  papilla,  of  wliich  sevei 
pairs  are  post-anal.  Female  is  20  to  40  centimetres  m  length  b; 
5  millimetres  in  breadth.  The  vulva  is  at  the  junction  of  th 
"anterior  and  middle  thirds  of  the  body. 
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Life-History. — ^The  eggs  are  laid  in  the  small  intestine,  and  appea 
unsegmented  in  the  faeces.  They  measure  50  to  70  fj,  in  length  b; 
40  to  50  /i  in  breadth,  surrounded  by  a  thick  transparent  shell 
which  has  an  externally  irregular  coating  of  albumin,  which  i 
stained  brownish-yellow  by  the  stercobilin  of  the  faeces.  Thesi 
eggs  can  stand  alteration  in  temperature  and  moisture.  In  warm 
moist  earth  the  embryo  appears  in  about  a  month  in  the  form  of  ; 
spiral  roll,  but  does  not  hatch  until  it  reaches  the  interior  of  man 
as  was  shown  by  the  experiments  of  Davaine,  Grassi,  Calandruccio 
Liitz,  and  Epstein,  when  it  hatches  and  develops  into  an  adult. 


Fig.  180. — Development  of  Ascaris  lumbricoides. 
(After  Stiles.) 

Leuckart  and  von  Linstow  had  believed  that  an  intermediate  host 
was  necessary,  but  this  appears  from  the  above  experiments  to  be 
erroneous. 

The  eggs  infect  human  beings  through  polluted  vegetables,  fruits, 
water,  or  hands  soiled  with  dirt. 

Stiles  found  that  the  house-fly  could  carry  the  egg,  which  passed 
through  its  alimentary  canal  unaltered.  The  worm  matures,  and 
deposits  ova  in  one  month  from  entering  the  body. 

Pathogenesis. — It  is  only  pathogenic  in  large  numbers,  or  when 
it  invades  the  liver,  causing  abscess,  or  the  appendix,  causing 
appendicitis. 

Ascaris  (?)  maritima  Leuckart  1876. 

An  immature  worm,  possibly  accidentally  swallowed  in  food,  was 
vomited  by  a  child  in  North  Greenland  in  1865,  and  was  supposed 
to  be  an  immature  female  Ascaris. 


Ascaris  (?)  texana  Smith  and  Goeth  1904. 

Stiles  appears  very  doubtful  as  to  whether  this  worm  is  an 
Ascaris.  The  female  only  is  known,  measuring  58  to  60  millimetres 
in  length.  Uterine  eggs  60  by  40  fi.  It  was  found  in  a  man  in 
Texas. 

Toxascaris  Leiper  1907. 
Ascaridae  with  the  anterior  end  of  the  body  bent  dorsally,  cuticle 
finely   striated,    oesophagus   simple,   without   a   bulbous   portion. 
Palpi  of  lips  club-shaped.     Male  with  a  tapering,  acicular  tail,  anc 
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without  ventral  protuberance  behind  anus.  Six  pairs  of  post-ana 
papillffi  m  two  groups,  the  ventral  pairs  continuous,  with  a  pre-ana 
row  on  each  side  of  the  body,  and  three  lateral  pairs  on  the  oute 
aspect  of  the  tail.  Testis  lies  in  the  anterior  .part  of  the  posterio 
half  of  the  body.  Seminal  vesicle  long  and  tubular.  Ejaculator 
duct  short.  Female  with  vulva  about  the  centre  of  the  bodv 
Egg  oval  and  smooth. 

Of  the  species  belonging  to  this  genus,  only  one,  Toxascaris  cani 
Werner  1782,  is  known  in  man. 

Toxascaris  canis  Werner  1782. 

Synonyms. — Lumbricus  canis  Werner  1782,  yl  scam  canif  Gmelii 
^789,  A.  marginata  Rudolphi  1802. 

Toxascaris  canis  is  the  common  Ascaris  of  dogs,  which  used  t( 
be  called  A.  canis,  but  recently  Leiper,  when  examining  a  numbe 
of  specimens  of  ^.  lumbricoides  in  Egypt,  found  among  them  severa 
smaller  and  apparently  young  forms.  On  examining  these,  hi 
found  that  they  had  winged  expansions  on  either  side  of  the  head 
which  indicated  that  they  were  not  A.  lumbricoides.  On  furthe: 
examination  they  proved  to  be  the  same  species  as  that  found  ii 
dogs,  tut  differed  from  that  found  in  cats.  Up  to  that  time  A .  cani 
in  the  dog  and  A.  mystax  in  the  cat  were  supposed  to  be  identical 
Finally,  on  careful  anatomical  examination,  it  was  found  that  th( 
two  not  merely  differed  considerably  from  one  another,  but  als( 
from  A.  lumbricoides.  He  therefore  formed  two  new  genera— 
Toxascaris  and  Belascaris.  Toxascaris  has  only  been  recorded  onc( 
so  far  in  man. 

Morphology. — Body  white  or  reddish,  head  curved  dorsally,  witl 
two  membranous  lateral  expansions,  broader  behind  than  in  front 
Male  5  to  ID  centimetres  in  length,  with  curved  tail,  possessing  tw( 
small  lateral  membranous  wings  and  twenty-six  papillae.  Female 
9  to  12  centimetres  in  length,  with  an  obtuse  tail.  Eggs  75  to  80  / 
in  diameter. 

Life-History. — Development  is  believed  to  be  direct. 

Pathogenesis. — It  often  causes  intestinal  and  nerve  symptoms  ir 
dogs.  Post-mortem  the  mucosa  of  the  intestine  is  tumefied  anc 
catarrhal. 

Belascaris  Leiper  1907. 

Ascaridse  with  the  anterior  end  of  the  body  bent  ventrally,  cuticle 
coarsely  striated,  oesophagus  with  a  distinct  bulbous  portion.  Male 
with  a  probular  taU — i.e.,  like  a  closed  fist,  with  forefinger  semi- 
extended.  Immediately  behind  the  anus  there  is  a  protuberance 
with  a  pair  of  papillae.  On  the  tail  there  are  two  ventral  and  twc 
lateral  pairs  of  papillae,  the  tips  of  which  support  a  slight  expansior 
of  the  cuticle.  The  testis  is  situate  in  the  anterior  half  of  the  body 
The  vesicula  seminalis  is  remarkably  long,  and  there  is  a  shon 
ejaculatory  duct.  Fem^e  with  vulva  situated  in  the  anterior  pari 
of  the  body.     Egg  with  a  corrugated  shell. 

Type. — -Belascaris  mystax  Zeder  1800. 
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Belasearis  mystax  Zeder  1800. 

Synonyms.— Fusaria  mystax  Zeder  1800,  A  scans  alata  Belling- 
ham  1839. 

This  Ascaris  is  found  in  cats,  and  has  heen  recorded  nine  times 
in  man. 

Morphology.- — Head  curved  ventrally,  with  two  membranous 
lateral  expansions.  Male  4  to  6  centimetres  in  length  ;  female 
4  to  10  centimetres  in  length. 

Pathogenesis. — It  rarely  causes  any  symptoms. 

Oxyuris  Rudolphi  1803. 
Nematoda  in  which  the  three  labial  papillse  are  not  very  distinct. 
(Esophagus  long,  with  a  distinct  dilatation.     Male  with  curved 
posterior  end,  one  spicule,  and  two  pairs  of  pre- 
anal   papillie.     Female  with  straight  posterior 
end,  which   tapers  to  a  point.     Vulva  in   the 
anterior  end  of  the  body. 
Type. — Oxyuris  vermicularis. 

Oxyuris  vermicularis  Linnaeus  1767. 

Synonyms.  —  Ascaris  vermicularis  Linnaeus 
1767,  Fusaria  vermicularis  Zeder  1803. 

Oxyuris  vermicularis  is  the  pin  or  thread 
worm,  and  occurs,  as  far  as  is  known,  only  in 
man  and  all  over  the  world.  It  is  believed  to 
live  in  the  lower  part  of  the  small  intestine  at 
first,  and  then  the  gravid  females  travel  to  the 


Fig.   182. — Development  of  Oxyuris 

VERMICULAfilS. 

(After  Leuckart,  from  Stiles.) 

large  bowel.      It   has    been   known   from  the 

earliest  times. 

Morphology.— It  is  a  minute  white  round  worm, 

with  transversally  striated  cuticle,  which  forms 

two  ridges  along  the  ventral  and  dorsal  surfaces 

Fig.  181.— Oxyuris  corresponding  to  the  lateral  ridges. 

VERMICULARIS.  Malc  is  3  to  5  millimetres  in  length,  with  a 

The  male  is  to  the  spirally   rolled  posterior    extremity,  with    one 
left,  the  female  tr-     ^-      - -^         -         ^  -  -         -    ■'-' 

the  right. 

(After  Claus.) 


left,  the  female  to  spicule  and  six"  papiUsE.     Female' is   lo  milli- 


metres in  length  and  0'6  millimetre  in  breadth, 

with  a  long  pointed  tail. 

Life-History.^ — ^The  egg,  when  deposited  from  the  uterus,  measures 

50  to  53  /«  by  16  to  24  /x,  with  a  thin  shell  and  a  fairly  well-developed 

embryo.    The  dorsal  surface  of  the  egg  is  more  convex  than  the 
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ventral.  These  eggs  escape  in  the  iseces.  They  are  then  reintro 
duced  into  the  mouth  or  nose  by  self-infection,  fruits,  vegetables 
etc.,  hatch,  and  grow  in  the  small  intestine  into  males  and  females 

After  fertilization  the  males  die  off  and  the  females  travel  intc 
the  caecum,  and  later  into  the  colon,  and  have  a  great  tendency  t( 
wander  through  the  anus  to  the  outside.  The  duration  of  life  o 
0.  vermicularis  in  the  human  body  is  not  known. 

Pathogenesis. — In  large  numbers  may  set  up  enterocolitis ;  ii 
small  numbers  it  causes  only  irritation. 

OFder  2.  GORDIACEA. 

Nemathelminthes  with  the  intestinal  canal  always  atrophied  anteriorb 
in  the  adult ;  head  without  papillae  ;  two  testes,  but  never  spicules  in  th 
male  ;  vulva  always  united  with  the  posterior  portion  of  the  intestine  t( 
form  a  cloaca  ;  rare  in  man  ;  only  accidental  parasites. 

These  worms  are  popularly  known  as  horsehairs,  and  are  supposed  ti 
cause  serious  and  even  fatal  disease  in  man  or  animals  if  swallowed.  Thei 
pathogenesis  has  recently  been  studied  by  Stiles,  who  is  unable  to  suppor 
the  popular  belief  as  to  the  serious  nature  of  these  parasites  in  man.  The; 
are  very  long,  thin  worms,  Uke  Fiiaria,  which  can  be  found  in  ditch-wate 
swimming  freely  or  twining  round  water-plants. 

The  body  is  covered  with  a  well-developed,  two-layered  cuticle.  Th 
mouth  and  the  anterior  part  of  the  intestine  is  obliterated.  The  posterior  en( 
of  the  male  is  lobed,  and  without  spicules.  In  the  female  there  are  two  ovarie 
and  the  egg-sacs,  which  open  by  means  of  oviducts  into  a  uterus.  The  male 
are  often  blackish  brown,  and  the  females  Ught  clay  brown. 

The  life-history  of  Parachordodes  tolosanus  is  very  compUcated  :  the  firs 
larva  enters  the  larva  of  the  alder-fly  (Sialis  lutaria  L.),  in  which  it  live 
during  the  winter,  and  passes  over  to  the  imago  of  the  same  insect,  which  i 
eaten  by  a  beetle  [PterosHchus  niger),  in  which  the  first  larva  change; 
becoming  a  second  larva,  which  lives  in  the  beetle  during  the  secotid  winter 
and  finally  escapes  into  the  water  about  twenty  months  after  hatching.  Ii 
the  water  it  soon  becomes  adult. 

The  Gordiacse  includes  the  family  Gordiidae,  which  is  divided  by  Camerani 
into  four  genera  :  Gordius,  Paragordius,  Parachordodes,  Chordodes. 

Without  going  into  details,  it  may  be  said  that  the  following  species  hav 
been  reported  as  parasitic  in  man  : 

Gordius  aquaticus  L.  1758. — Four  recorded  cases  in  Europe  with  abdomina 
symptoms,  pain,  vomiting,  etc.,  and  nervous  symptoms,  hysteria,  and  neuralgia 

G.  chiliensis  E.  Blanchard  1849. — This  is  simply  based  on  the  legends  o 
ChiUan  Indians,  who  fear  the  worm. 

Paragordius  varius  Leidy  185 1. — Four  cases  of  infection  in  North  America 
Worms  were  expelled  per  anum  or  by  vomiting.      Symptoms :  unimportant. 

P.  tricuspidatus  Dufour  1828. — One  case  in  France.  Symptoms:  sligh 
colic.     Worm  extracted  from  the  throat. 

P.  cinctus  von  Linstow  1 906. — From  a  man  in  Leydenburg,  in  the  Transvaal 

Parachordodes  tolosanus  Dujardin  1842. — Four  cases,  in  one  of  which  i 
is  accused  of  causing  epileptiform  fits.     Cases  occurred  in  France  and  Italy. 

P.  pustulosus  Baird  1853. — One  case  in  Italy  caused  anal  pruritus  anc 
discharge.  ^,      ^, 

P.  violaceus  Baird  1853. — One  case  in  France;  it  lodged  m  the  throa- 
before  expulsion. 

P.  alpestris  Villot  1884.— One  case  in  France. 

Undetermined.— Waxd,  in  1903,  published  the  account  of  a  case  in  which  thi 
genus  of  the  worm  was  not  determined. 
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CLASS  II. 
Order  3.  ACANTHOCEPHALA  Rudolphi. 

Nemathelminthes  with  a  retractile  proboscis  armed  with  several  rows  of 
spfnes  or  hooks  ;  intestine  absent ;  parasitic  in  the  intestine  of  vertebrates. 

The  Acanthocephala  are  elongated  cylindrical  worms,  in  which  the  body 
can  be  divided  into  proboscis,  neck,  and  trunk.  The  proboscis  is  a  hollow, 
finger-shaped,  retractile  process,  covered  with  a  thin  cuticle,  and  armed  with 
rings  of  hooks  arranged  in  longitudinal  rows.  The  neck  is  not  always  dis- 
cernible. The  trunk  has  a  rounded  posterior  end,  and  consists  of  a  body-wall 
with  muscular  layers,  covered  by  a  thin  cuticle,  enclosing  the  excretory  and 
reproductive  organs.  The  sexes  are  separate.  The  male  organs  are  two  oval 
testes,  whose  vasa  efferentia  unite  into  a  vas  deferens,  which  opens  into  a  cirrus 
contained  in  a  pouch  or  bursa,  and  provided  with  a  prostate  gland. 

The  female  organs  consist  of  two  ovaries,  which  break  down  into  masses  of 
cells  which  escape  into  the  ccelom.  Here  the  ova  are  fertilized  and  the  embryo 
is  formed,  and  escapes  through  a  funnel-shaped  structure  called  '  the  bell ' 
into  the  uterus,  and  so  through  the  vagina  and  the  genital  orifice  at  the 
posterior  end  of  the  body  into  the  lumen  of  the  host's  intestine. 

The  embryo  leaves  the  host  with  the  faaces,  and,  getting  into  water,  enters 
the  alimentary  canal  of  a  crustacean,  water-insect,  or  fish,  inside  which  it 
hatches.  It  now  bores  its  way  through  the  intestinal  wall  into  the  coelom, 
where  it  develops  all  its  organs  except  the  reproductive. 

The  crustacean,  water-insect,  or  fish,  must  now  be  eaten  by  a  vertebrate, 
when  the  acanthocephalid  becomes  sexually  mature  in  the  intestine.  They 
are  very  rarely  found  in  man. 

Classiflcation. — The  Acanthocephala  are  divided  into  four  families  by 
Hamann  and  Shipley  :  Echinorhynchidas,  Gigantorhynchidae,  Neorhynchidse, 
Arhyuchidae.  Human  parasites,  which  are  very  rare,  are  only  found  in  the 
first  two  families. 

ECHINORHYNCHIDiE. 

Acanthocephala  with  elongated,  smooth  body  ;  proboscis  can  be  retracted 
into  a  sheath  with  double  walls. 
Genus. — Echinorhynohus. 

Eehinorhynehus  hominis  Lambl  1859. 
This  parasite  was  found  in  the  intestine  of  a  boy  who  died  of  leukaemia  ; 
it  was  5  -6  millimetres  long.     There  appears  to  be  much  doubt  as  to  whether  this 
really  was  an  Eehinorhynehus. 

(ligantorhynehus. 

Large  Acanthocephala  with  ringed,  flat,  taeniform  bodies. 

Gigantorhynchus  gigas  Goeze  1782. 
This  parasite  was  alleged  by  Lindemann  to  occur  in  man  in  South  Russia, 
where  Schneider  says  Melolantha  is  eaten  raw.  It  is  lo  to  1 5  centimetres  long  ; 
eggs  80  to  100  /i  long,  with  three  shells.  Its  usual  life-history  is  that  the 
adult  is  found  in  pigs,  and  the  larva  in  Melolantha,  Cetonia,  Aurata,  or 
Lachnosterna  arenata. 
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CHAPTER  XVII 

BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 
— ANNULATA  AND  ARTHROPODA 

Annulata — Hir  udinea — Arthropoda — Diplopoda — Arachnida — Crustacea — 
Chilopoda — References. 

PHYLUM:  ANNULATA. 

Metazoa  with  elongated  bodies  divided  externally  into  a  number 
of  rings  which  represent  a  division  of  the  internal  parts  into  seg- 
ments or  somites  (metameres),  usually  with  an  extensive  coelom. 
Nervous  system  consists  of  a  cerebral  ganglion,  with  double  com- 
missure and  ventral  nerve  cord.  Organs  of  excretion  in  the  form 
of  metamerically  arranged  pairs  of  nephridia. 

The  only  class  of  this  phylum  which  contains  animals  of  impor- 
tance in  tropical  medicine  is  the  Hirudinea  or  Discophora — i.e., 
the  leeches. 

CLASS  :  HIRUDINEA. 

Annulata  with  oval  bodies,  showing  a  dorso-ventral  flattening 
and  two  suckers,  one  at  each  end. 

Leeches  are  of  interest  in  the  tropics,  firstly,  because  they  may 
be  a  considerable  nuisance  as  ectoparasites — e.g.,  land  leeches  or 
Hcemodipsa  ;  and,  secondly,  they  may  be  of  considerable  danger  to 
the  health  and  even  the  life  of  a  person  as  endoparasites — e.g., 
the  water  leeches,  particularly  Limnatis. 

As  ectoparasites  they  are  apt  to  fasten  on  the  legs  of  persons 
going  through  grass  of  jungle.  In  fact,  in  Ceylon,  while  standing 
on  a  piece  of  grass  in  certain  parts  of  the  low  country,  the  leeches 
can  be  watched  converging  from  all  quarters  of  the  compass  towards 
the  observer. 

Very  often  the  bite  is  not  noticed,  and  the  leech  or  leeches  may 
have  sucked  a  considerable  amount  of  blood  before  any  attention 
is  paid  to  them,  and  tales  are  told  of  persons  feeling  faint  before 
noticing  that  they  were  being  attacked  by  these  creatures. 

They  are  apt  to  get  into  the  nose,  naso-pharynx,  or  larynx  with 
drinking  water,  and  in  this  endoparasitic  condition  they  may  suck 
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blood  and  cause  epistaxis  or  haemoptysis,  and  this  may  go  on  to 
such  an  extent  that  anaemia  and  even  death  may  result. 

It  is  hardly  possible  to  believe  that  they  can  live  in  the  stomach, 
for  it  is  much  more  likely  that  they  are  at  once  killed  by  the  gastric 
juice  and  digested. 

A  great  many  tropical  countries  appear  to  be  plagued  with  leeches 
which  affect  men  and  animals  as  indicated  above,  but  it  is 
probable  that  Algeria,  Palestine,  and  Ceylon  are  the  most  infested. 
Among  the  other  places  in  which  they  are  troublesome  may  be 
mentioned  the.  Philippines,  Java,  Sumatra,  Australia,  Japan,  and 
ChUi.  In  Algeria  and  Palestine  the  leech  lives  in  the  pools  of 
drinlcingTwater,  and  here  the  endoparasitic  form  may  be  met  with  ; 
whereas  in  Ceylon  it  is  usually  a  land  leech  which  attacks  the 
individual,  and  therefore  the  ectoparasitic  condition  is  common, 
while  the  endoparasitic  is  more  rare,  being  due  to  Hirudo 
multistriata. 

Morphology. — ^Leeches  have  an  elongated,  more  or  less  oval,  body,  which 
is  very  retractile  and  extensile,  and  is  marked  by  annuli  or  rings,  of  which 
several — usually  five — form  a  somite.  The  number  of  rings  to  a  somite  is, 
however,  reduced  anteriorly  and  posteriorly,  being  abbreviated.  At  the 
anterior  extremity  is  the  oral  sucker,  and  at  the  posterior  the  acetabulum. 
The  skin  possesses  many  unicellular  dermal  glands.  The  mouth-opening  is 
situate  in  the  anterior  sucker,  and  the  anus  either  in  or  just  in  front  of  the 
constriction  which  separates  the  posterior  sucker  from  the  body. 

The  male  genital  opening  is  placed  on  the  twenty-fourth  annulus,  and  the 
female  five  annuli  behind  it  in  H.  medicinalis  ;  but  the  female  orifice  may 
vary  with  regard  to  the  male  in  other  genera.  A  number  of  nephridial 
orifices  can  be  seen  as  paired  openings  on  the  posterior  annuli  of  many  of  the 
somites.  Eyes  exist  as  small,  dark  dots  on  the  dorsum  of  the  body,  behind 
the  anterior  sucker.  The  mouth  may  be  armed  or  unarmed.  In  the  former 
condition  it  possesses  three  jaws — one  dorsal  and  two  ventro-lateral — each 
with  a  thickened  free  edge  notched  with  teeth.  In  the  latter  there  may  be 
only  a  proboscis.  Into  the  mouth  open  the  salivary  glands,  which  secrete  a 
fluid  which  prevents  the  coagulation  of  the  blood.  The  pharynx  is  an  oval 
sac,  with  strong  muscular  walls  and  radial  muscles,  which  can  alternately 
contract  and  dilate  the  cavity,  thus  forming  a  sucking-pump.  From  the 
pharynx  an  oesophagus  leads  to  the  crop,  which  is  a  straight,  thin-walled  tube, 
with  lateral  diverticula. 

Behind  the  crop  comes  the  small  stomach,  which  opens  into  a  narrow 
straight  tube — the  intestine — which  runs  to  the  anus.  The  coelom  consists 
of  a  series  of  tubes  containing  red  blood.  The  excretory  system  consists  of 
the  nephridia.  There  is  a  supra-oesophageal  ganglion,  a  nerve  collar,  and  a 
ventral  nerve  chain.  The  male  reproductive  organs  are  a  number  of  testes, 
with  vasa  efferentia  opening  into  two  vasa  deferentia,  which,  after  coiling 
into  epididymes,  run  to  the  single  penis.  The  female  organs  are  a  pair  of 
ovaries  and  oviducts  opening  into  a  single  vagina. 

Biology. — Leeches  appear  to  be  essentially  water  animals,  and 
though  certain  genera  can  live  on  land,  still,  they  require  a  great 
deal  of  moisture.  Hence  land  leeches  retire  into  moist  places  under 
stones,  earth,  etc.,  and  only  come  out  when  requiring  food.  In 
dry  weather  not  a  leech  can  be  seen,  while  in  damp  weather  they 
may  be  very  abundant. 

Any  disturbance  of  the  air  appears  to  affect  them.  Hence  they 
are  quickly  aroused  from  their  retreats  when  a  human  being  or 
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animal  approaches,  and  set  forth  at  once,  often  with  considerable 
speed,  to  the  attack. 

T-^xt,^^^^  ^^  ^^^  always  painful  at  first,  and  may  not  be  noted 
until  the  flow  of  blood  is  observed.  The  leech,  while  biting,  keeps 
Itself  and  the  skm  of  the  victim  moist  by  Uquid  excreted  by  the 
nephridia  and  the  dermal  glands.  When  it  has  gorged  itself  with 
tu  ^^^^°^^  °^'  but  its  salivary  secretion  prevents  the  coagulation 
of  the  blood,  and  hence  the  site  of  the  leech-bite  bleeds  considerably 
for  some  time.  The  blood  is  stored  up  in  the  crop  and  its  cscal 
diverticula,  and  only  a  little  is  used  day  by  day  for  food. 

Pathogenesis.— Leeches  are.  hosts  of  trypanosomes  and  other 
parasites,  and  their  bite  may  possibly  introduce  these  parasites 
into  the  skin  of  the  human  victim  as  well  as  into  that  of  animals. 

The  marked  feature  of  the  pathogenesis  is  loss  of  blood,  not 
merely  caused  by  the  sucking  of  the  leech,  but  also  by  the 
bleeding  from  the  wound  caused  by  the  bite.  Further,  the  punc- 
tures caused  by  Hcemadipsa  ceylonica  are  extremely  liable  to 
become  ulcers,  which,  according  to  Marshall  and  Davy,  caused  a 
high  rate  of  mortality  among  the  Madras  sepoys  and  coohes  during 
the  Kandyan  rebellion  of  1818  in  Ceylon.  Short  of  death,  amputa- 
tion of  the  limb  was  necessary  in  those  days.  We  are  not  inclined 
to  consider  these  old  statements  as  erroneous,  because  it  is  quite 
possible  that  some  organism  is  often  introduced  into  the  affected 
part  by  the  leech-bite.  For  a  further  discussion  of  the  pathogenesis, 
see  the  chapters  on  Diseases  of  the  Respiratory  Organs  and  of  the 
Skin. 

Classiflcation. — The  class  Hirudinea  may  be  divided  into  several  orders  : — 

Order  I.  Rhynchobdellida. — Hirudinea  without  jaws,  with  an  extensile  pro- 
boscis and  with  colourless  blood. 

The  RhyncobdelUda  are  divided  into  two  families  : 

Family  1.  Ichthyobdellidce. — Rhynchobdellida  with  the  anterior  narrower 
part  of  the  body  distinct  from  the  posterior,  and  with  both  suckers  distinct 
from  the  body. 

To  this  family  belong  the  genera  Pisciola  Blainville  18 18  and  Pontobdella 
Leach  181 5,  mentioned  in  the  chapter  on  Protozoa. 

Family  2.  Glossiphoniidcs. — -Rhynchobdella  with  the  anterior  sucker  fused 
to  the  body,  while  the  posterior  is  distinct. 

Among  the  genera  of  this  family  is  Hismentaria  de  Filippi  1849,  of  which 
H.  officinalis  de  Filippi  is  found  in  Mexico,  and  is  alleged  to  cause  drowsiness, 
buzzing  in  the  ears,  and  a  painful  rash,  when  it  bites  a  person.  The  causation 
of  these  symptoms  is  obscure.     Another  species  is  H.  ghiilanii  de  Filippi  1849. 

Other  genera  are  Glossiphonia  Johnson  1816,  Hemiclepsis  Vejdovsky  1883, 
and  Placobdella  R.  Blanchard  1893. 

Order  II.  Arhynchobdellida.  —  Hirudinea  usually  with  jaws,  without  a 
proboscis,  and  with  red  blood,  with  two  families,  GnathobdeJUdae  and 
Herpobdellidce,  of  which  only  the  first  concerns  us. 

The  Gnathobdellidae  are  classified  into  the  following  subfamilies  :  Hirudi- 
ninae  and  Haemadipsinse. 

HiRUDiNiNiE  R.  Blanchard. 

Aquatic  Gnathobdellidae,  with  ten  eyes,  and  with  an  eyeless  ring  between  the 
third  and  fourth  pairs  of  eyes.  .  •      rr 

In  this  family  come  the  following  genera  :  Hirudo,  Limnatis,  Hmmopis, 
Hirudinaria,  Limnobdella,  Macrobdella,  and  Whitmania. 
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Hirudo  Linnseus  1746. 

HirudininjE  with  twenty-six  somites,  of  which  the  ist  and  2nd  have  each 
one  ring  ;  3rd,  two  rings  ;  4th,  sth,  and  6th,  each  three  rings ;  7th  to  22nd, 
each  five  rings;  23rd,  three  rings;  24th,  25th,  and  26th,  each  two  rings; 
making  in  all  102  rings. 

Eyes  are  carried  on  the  ist,  2nd,  3rd,  5th,  and  Sth  rings.  The  buccals  are 
the  5th  and  6th,  and  the  post-buccals  the  7th  and  Sth.  The  first  paur  of 
nephridia  is  on  the  13th,  and  the  last  (the  17th)  pair  on  the  93rd  ring. 

The  male  orifice  is  between  the  30th  and  31st  rings,  which  are  the  2nd  and 
3rd  of  the  loth  somite. 

The  female  orifice  is  five  rings  behind  that  of  the  male — i.e.,  between  the 
35th  and  36th  rings.  The  anus  is  situate  on  the  102nd  ring,  or  between  the 
loist  and  102nd. 

Hirudo  medicinalis  Linnaeus  1746  is  found  principally  in  Hungary.  Var. 
officinalis. 

H.  troctina  Johnston  1816  is  the  medicinal  leech  of  England,  France,  Spain, 
and  Algeria. 

H.  nipponia  Whitman  1886.     Japan. 

H.  sinica  Blainville  1827.     China. 

H.  quinquestriata  Schmarda.     Australia. 

H.  saigonensis.     Cochin  China. 

H.  asiatica  R.  Blanchard.     Afghanistan  and  Persia. 

H.  timorensis  R.  Blanchard.     Timor. 

H.  septemstriata  Grube.     South  Africa. 

H.  hildebrandti  R.  Blanchard.     East  Africa,  Victoria  Nyanza. 

H.  muUistriata  Schmarda.     Ceylon. 


Fig.  183. — Hirudo  multistriata  Schmarda. 
The  common  water  leech  of  Ceylon. 

Heemopis  Savigny  181 7. 

Synonym. — Aulastoma  Moq.  Tand.  1826. 

Hirudininae  with  3  rings  on  the  23rd  somite,  and  two  rings  to  the  24th, 
25th,  and  26th  somites.  H.  sanguisuga  Beymann  1757  found  in  Europe,  and 
t{.  lacustre  Leidy  in  America. 

Limnatis  Moquin-Tandon   1826. 

Hirudinina;,  with  a  longitudinal  groove  on  the  inner  surface  of  the  upper 
lip  of  the  anterior  sucker.     Jaws  with  more  than  100  teeth. 

Limnatis  nilotica  Savigny  1820.  This  leech  is  8  to  i  o  centimetres  in  length, 
and  is  common  in  North  Africa,  the  Canaries,  South  Europe,  and  Asia  Minor, 
while  it,  or  some  other  species,  is  found  on  the  West  Coast  of  Africa. 

Limnatis  mysomelas  Serulias  and  Virey  1829  is  found  in  Senegambia,  and 
L,  granulosa  Savigny  1820  in  India. 

These  leeches  are  of  importance,  because  they  are  apt  to  get  into  the  nose, 
naso-pharynx,  pharynx,  and  larynx  of  persons  drinking  at  pools  of  water, 
and  to  cause  serious  symptoms.  Other  species  are  L.  africana  R.  Blanchard  in 
Senegal  and  the  Congo,  L.  maculosa  Grube  1859  Singapore. 

Hipudinaria  Whitman  1886. 

HirudinutsE  with  the  sexual  pores  separated  by  several  rings.  Acetabulum 
very  large. 

H.  javanica  Wahlberg  1855.     In  Batavia,  Sumatra,  and  Burma. 
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Limnobdella  R.  Blanchard. 

,  j^'^JJ,'^™"^^  with  103  to  104  rings.     Jaws  without  papillae.     The  6th  somite 

with  three  rings,  the  23rd  with  five  rings. 

L.  grandis  R.  Blanchard.     Timor,  Sumatra,  and  Ceylon 

L.  austrahs  Besisto  1859.     Sydney  and  New  South  Wales.  >    ' 

L.  mexicana  R.  Blanchard.     Mexico. 

Maepobdella  Verrili  1872. 

Hirudininae,  jaws    without   sensory   papillae  ;    teeth    not    numerous  :    103 
body -rings.     Both  genital  openings  on  the  nth  somite. 
M.  sestertia  Whitman  1886.     America. 

Whitmania  R.  Blanchard   1884. 

Hirudininae  with  105  to  107  rings;  6th  segment  with  five  rings;  23rd  has 
always  more  than  three  rings.     Teeth  more  or  less  rudimentary. 

W.  ferox  R.  Blanchard  1896.     London  Zoological  Gardens  and  in  Asia. 

H^MADipsiN^  R.  Blanchard. 

Gnathobdellidae,  living  on  land,  with  ten  eyes,  and  no  eyeless  ring  between 
the  3rd  and  4th  eyes.  The  three  last  body  somites  (twenty-three  to  twenty- 
six)  with  only  one  ring  each.    . 

Genera. — i.  Hcsmadipsa  Tennent  1861. 

Synonyms. — Hcsmopis  Schmarda  i86r,  Chthonobdella  Grube  1865. 
Haemadipsinae,  terrestrial   in   habit,   2    to  3  centimetres  in  length  ;    sub- 
cylindrical,  tapering  slightly  forwards,  cephalic  lobe,  rounded  when  at  rest, 
but  pointed  in  extension  ;   acetabulum  moderately  large,   round,   or  oval, 
centrally  attached,  separated  from  the  body  only  by  a  feeble  constriction. 

Eyes  in  five  pairs,  the  rings  bearing  the  3rd  and  4th  pair,  not  separated  by 
an  intervening  ring,  the  rings  bearing  the  4th  and  5th  pairs,  separated  by 
two  rings.  (Esophagus  with  three  plications — one  dorsal  and  two  latero- 
ventral.  The  three  maxillae  covered  with  teeth,  which  increase  in  size  towards 
the  converging  anterior  ends  of  the  jaws.  Clitellum  includes  three  somites 
and  fifteen  rings.  Genital  orifices  separated  by  five  rings  ;  nephridial  pores 
at  the  margin  of  the  body,  the  last  pair  opening  in  the  constriction  between 
the  body  and  the  acetabulum. 

The  land-leeches  of  Ceylon  were  separated  from  the  genus  Hirudo  by 
Tennent  in  1861,  under  the  name  of  Hcsmadipsa  ,  and  those  of  Australia  by 
Whitman  in  1886  under  the  term  Geobdella,  altered  to  Moquinia  by  Blanchard. 
Land  leeches  are  mostly  tropical,  Uving  in  the  area  defined  by  the  parallels 
40°  N.  and  40°  S.  of  the  Equator,  for  they  appear  to  prefer  a  warm,  moist 
climate.  In  the  Himalayas  they  ascend  to  a  height  of  11,000  feet ;  but  in 
Ceylon  they  diminish  in  numbers  above  4,000  feet.  They  are  to  be  found 
n  Ceylon,  India,  Java,  Sumatra,  Luzon,  Mindanao,  Pelew  Islands,  Japan, 
New  Guinea,  Celebes,  New  South  Wales,  Queensland,  and  the  southern 
provinces  of  ChiU  and  Trinidad.  They  live  under  damp,  leaves  and  loose 
rubbish,  and  appear  when  the  air  is  disturbed  by  the  approach  of  man  or 
beast,  and  so  quickly  do  they  rush  to  the  attack  that  they  have  earned  the 
name' of  the  '  jumping  leech.'  As  a  rule  they  bite  gently,  but  make  a  deep 
wound,  the  scar  of  which  may  take  months  to  disappear.  They  fill  them- 
selves with  blood  in  about  thirty  minutes,  and  then  drop  off. 
H.  zeylanica  Blainville  1827.  Ceylon.  H.  vagans  R.  Blanchard.  Madagascar. 
H.  umbata  Grube.     Sydney.  H.  javanica  Wahlberg.     Java. 

H.  fallax  R.  Blanchard.    Madagascar.     H.  talagalla  Meyen.    Philippines. 
H.  morsitans  R.  Blanchard.       „  H.  japomca  Whitman.     Japan. 

2.  Mesobdella  R.  Blanchard  1893.— With  three  rings  to  a  somite. 
M.  gemmatu  R.  Blanchard  1894. 
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3.  Philcsmon  R.  Blanchard  1893. — With  four  rings  to  a  somite. 

P.  pungens  R.  Blanchard.     Java  and  AustraUa. 
P.  grandidieri  R.  Blanchard.     Madagascar. 

4.  Phytobdella  R.  Blanchard  1893. — With  six  rings  to  a  somite. 

P.  meyeri  R.  Blanchard.     Luzon. 

P.  moluccensis  R.  Blanchard;     Salawati. 

5.  Planobdella  R.  Blanchard  1894. — With  seven  rings  to  a  somite. 

P.  guoyi  R.  Blanchard.     North  Celebes. 
P.  molesta  R.  Blanchard.     Celebes. 

6.  Moquinia  R.  Blanchard  1881.— With  seven  and  a  half  rings  between 
genital  apertures. 

The    remaining   orders,    Histriobdellida,    Acanthobdellida,  and   Branchio- 
bdellida,  do  not  concern  us. 


PHYLUM  :  ARTHROPODA  v.  Siebold  and  Stannius  1845. 

Bilaterally  symmetrical  metazoa,  with  well-developed  body  cavity 
and  heteronomously  segmented  body  with  hollow  segmental 
appendages,  moved  by  intrinsic  muscles  and  penetrated  by  blood 
spaces.  One  or  more  pairs  of  appendages  behind  the  mouth  are 
densely  chitinized  and  turned  inwards  so  as  to  act  as  jaws. 

The  phylum  Arthropoda  is  divided  into  the  following  grades  and 
classes  by  Ray  Lankester : 

Grade  A.     Protarthropoda  Lankester. 
Class  I.  Onchophora. 

Grade  B.     Euarthropoda  Lankester. 

Class    IL  Diplopoda. 
Class  in.  Arachnida. 
Class  IV.  Crustacea. 
Class    V.  Chilopoda. 
Class  VI.  Hexapoda. 

The  Onchophora,  which  includes  the  genus  Peripatus,  does  not 
concern  us,  but  the,  other  classes  all  contain  species  of  importance  in 
medicine. 

CLASS  II.  DIPLOPODA  Ray  Lankester  1904. 

Synonym. — Chilognatha. 

Euarthropoda,  in  which  the  somites  generally  fuse  after  early  development, 
forming  double  somites,  with  two  pairs  of  appendages,  or  present  legless  and 
leg-bearing  somites  alternately.     They  are  terrestrial,  breathing  by  tracheae-. 

The  following  orders  are  recognized:  (i)  Juliformia;  (2)  Symphyla  and 
(3)  Pauropoda.     We  shall  only  consider  the  first. 

Order  L  Julilormia — Diplopoda  with  two  pairs  of  appendages  on  each 
somite.' — Two  families  of  the  Juliformia  need  be  mentioned  : 

Family  Juud^ — Juliformia  with  large  free  head,  without  broad  dorsal 
plates. — Two  species  of  Julus — viz.,  /.  terrestris  L.  and  /.  londinenensis 
Leach — have  been  found  as  occasional  parasites  (accidental)  in  the  human 
alimentary  canal  in  Europe. 

Family  PoLYDESMiDiE — Juliformia  with  large  free  head  and  laterally  ex- 
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tended  dorsal  plates. — Polydesmus  complanatus  has  once  been  recorded  as  an 
accidental  parasite  in  the  human  alimentary  canal  in  Europe. 

Pathogenesis. — These  parasites  give  rise  to  symptoms  both  direct  and 
reflex. 

CLASS  III.  ARACHNIDA  Lamarck  1815. 

Euarthropoda  with  two  pre-oral  segments,  the  first  bearing 
typical  eyes,  and  the  second  antennae  or  cheUcerse,  and  six  post- 
oral  appendages,  modified  so  as  to  function  as  jaws,  but  possessing 
also  a  well-developed  ramus,  which  may  be  a  leg,  palpus,  or  chela. 
The  primitive  forms  have  branchial  respiratory  processes,  and  the 
higher  pulmonary  organs. 

The  Arachnida  are  classified  by  Lankester  into  : 

Grade  A.  Anomomeristica. 
Grade  B.  Nomomeristica. 
Subclass    I.  Pantapoda. 
Subclass  II.  Euarachnida. 

Grade  a.  Hydropneusta. 
Grade  b.  Aeropneusta. 

Section  A.  Pectinifera. 
Order  Scorpionidea. 
Section  B.  Epectinata. 
Order  I.  Pedipalpi. 
Order  II.  Aranea. 
Order  III.  Palpigrada. 
Order  IV.  Solifuga. 
Order  V.  Pseudoscorpiones. 
Order  VI.  Podogo.na. 
Order  VII.  OpHiones. 
Order  VIII.  Acarina. 
Order  IX.  Linguatuhda  (Incertae  sedis). 

Details  with  regard  to  this  classification  may  be  obtained  by 
reference  to  Ray  Lankester's  paper  in  the  Quarterly  Journal  of 
Microscopical  Science,  1904,  vol.  xlviii.,  p.  165.  ^  .1.    c 

We  have  already  considered  the  effects  of  the  bites  of  the  Scor- 
pionidea, the  Aranea,  and  some  of  the  Acanna,  and  now  it  is 
necessary  to  consider  more  particularly  those  which  are  parasitic, 
and  cause  or  spread  disease.  . 

Two  orders  must  be  dealt  with  in  some  detail— viz.,  the  Acanna 
and  the  Linguatuhda. 

ORDER:  ACARINA. 

!)irnS7  ASS°^th  tne  basal  segments  of  the  second 
nairS  appendages  united  in  the  middle  line  behmd  the  mouth. 
wMe  those  of  the  third,  fourth,  fifth,  and  sixth  appendages  are 
wSely  separated,  and  take  no  part  in  mastication.     The  respiratory 


458         BIOLOGICAL  CAUSES  OF  DISEASE— ARTHROPOD  A 

stigmata  usually  belong  to  the  prosoma,  and  the  primitive  segmenta- 
tion of  the  opisthosoma  has  either  entirely  or  almost  entirely 
disappeared. 

The  Acarina  include  the  mites  and  ticks  which  have  long  been 
known  to  be  human  parasites,  but  it  is  only  recently  that  the  latter 
have  come  into  notice  as  carriers  of  disease. 

It  is  true  that  a  mite,  or  rather  its  larva,  has  long  been  suspected 
to  be  the  cause  of  Tsutsugamushi  disease,  but  it  is  probable  that 
at  present  we  are  not  fully  aware  of  the  disease  carrying  and 
producing  effects  of  these  small  arachnids. 

The  Acarina  are  cosmopolitan  in  their  distribution,  and  are 
said  to  be  most  numerous  in  temperate  regions.  They  are  abundant 
at  high  altitudes.  Banks  remarks  that  the  parasites  follow  the 
distribution  of  the  host — i.e.,  of  the  food — a  remark  the  importance 
of  which  has  already  been  noted  (p.  345)-  The  observer  will  find 
that  a  parasitic  disease  is  often  bounded  by  the  distribution  of 
the  food  of  the  insect,  which  spreads  the  real  cause  of  the  disease. 

Morphology. — ^The  morphology  is  described  under  the  heading 
Ixodoidea. 

Life- History. — ^The  female  lays  eggs  covered  by  a  shell  and  an 
inner  membrane  called  the  deutovum.  A  six-legged  larva  hatches 
out  from  the  egg,  and  after  a  time,  during  which  it  may  be  active 
or  quiescent,  moults  and  produces  the  nympha,  which  is  eight- 
legged,  and  resembles  the  adult,  except  in  the  non-development  of 
the  sexual  organs  and  apertures.  The  leg  which  is  added  to  the 
nympha  is  the  fourth,  or  posterior.  The  nymph  is  usually  energetic, 
and  feeds  on  some  host ;  eventually  passing  into  a  quiescent  stage 
and  undergoing  considerable  histological  changes,  it  moults  and 
becomes  the  adult  male  or  female.  The  males  are  usually  smaller 
and  more  active  than  the  females.  Both  sexes  suck  fluid  nourish- 
ment from  the  host,  wiiether  animal  or  plant.  Their  life-history 
wUl  be  found  to  vary  with  the  different  families  and  species. 

Pathogenesis. — The  Acarina  are  important  in  the  dissemination 
of  disease  both  among  men  and  animals.  In  men  they  are  respon- 
sible for  the  spread  of  such  fevers  as  Button's  relapsing  fever,  the 
tick  fever  of  the  Rocky  Mountains,  Tsutsugamushi  disease,  and  the 
disease  associated  with  the  Miana  bug  in  Persia ;  also  they  are 
responsible  for  a  number  of  skin  diseases,  among  which  may  be 
mentioned  scabies.  In  animals  they  are  responsible  for  the  spread 
of  the  Babesiases,  and  some  Spirochaetiases,  as  well  as  causing 
skin  diseases.  Incidentally  it  may  be  mentioned  that  thej/  also 
cause  disease  in  plants,  producing  galls,  etc. 

Enemies. — Hurtful  as  they  are  themselves,  they  are  not,  however, 
free  from  persecution  on  the  part  of  other  animals.  Blood-sucking 
insects,  particularly  the  Reduviidas,  prey  on  these  arachnids, 
sucking  their  blood.  Wellman  has  reported  that  he  has  caught 
Phonergates  bicoloripes  Stal  in  the  act  of  sucking  the  juices  of 
Ornithodoros  moubata,  the  tick  responsible  for  the  spread  of  Dutton's 
relapsing  fever. 
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The  order  Acarina  is  divided  into  the  following  suborders : 

Suborder  I.  Notostigmata. — Acarina  in  which  the  opisthosoma 
is  segmented  by  ten  integumental  grooves,  of  which  the  anterior 
four  are  furnished  with  a  single  pair  of  dorsally  placed  spiracles. 
(Family :  Opilioacaridae.)     This  suborder  does  not  concern  us. 

Suborder  II.  Cryptostigmata. — Acarina  with  a  hard  integu- 
ment strengthened  by  chitinized  dorsal  and  ventral  sclerites. 
Stigmata  on  the  acetabula  of  the  third,  fourth,  fifth,  and  sixth 
pairs  of  appendages.  (Family:  Oribatidae.)  This  also  does  not 
concern  us. 

Suborder  III.  Metastigmata. — Acarina  with  a  hard  integument 
Hke  the  Cryptostigmata.  One  pair  of  stigmata  above  and  behind 
the  base  of  the  fourth,  fifth,  or  sixth  pair  of  appendages. 

Superfamily  A.  Gamasoidea. 
Superfamily  B.  Ixodoidea. 

Suborder  IV.  Prostigmata. — Acarina  with  soft  integument 
strengthened  by  special  sclerites,  those  on  the  ventral  surface  of 
the  prosoma  apparently  representing  the  basal  segments  of  the 
legs  embedded  in  the  skin.  Except  in  the  aquatic  species,  there 
is  a  pair  of  stigmata  close  to  or  above  the  first  pair  of  appendages. 

SuperfamQy  A.  Trombidoidea. 
Superfamily  B.  Eupopoidea. 

Suborder  V.  Astigmata. — Degenerate  Acarina,  mostly  parasitic, 
like  Prostigmata  in  the  development  of  integumental  sclerites  and 
the  softness  of  the  skin,  but  with  the  respiratory  system  absent. 
(Superfamily  :  Sarcoptoida.) 

Suborder  VI.  Vermiformia. — Degenerate  parasitic  Acarina 
without  respiratory  system,  and  with  the  body  produced  posteriorly 
into  an  annulated  caudal  prolongation.  With  the  third,  fourth, 
fifth,  and  sixth  pairs  of  appendages  short,  and  only  three  jointed. 
(Family :  Demodicidae.) 

Suborder  VII.  Tetrapoda. — Degenerate  atracheate  Acarina 
with  body  as  in  the  Vermiformia,  but  with  the  third  and  fourth  pairs 
of  appeiidages  long  and  normally  segmented,  and  the  fifth  and 
sixth  entirely  absent.  (FamUy  :  Eriophyidae.)  This  suborder,  how- 
ever, need  not  concern  us. 

SUBORDER  III.  METASTIGMATA. 

The  parasites  included  in  this  suborder  would  in  popular  language 
all  be  called  ticks. 
It  is  divided  into  two  superf  amilies  : 

A.  Gamasoidea. — With  a  small  hypostome  without  teeth. 

B.  Ixodoidea. — With  a  large  hypostome  armed  with  many 
recurved  teeth. 

SUPERFAMILY  A.  GAMASOIDEA. 

The  superfamily  Gamasoidea  is  divided  into  three  families :  (i)  Dermanys- 
sidae,  (2)  Uropodidae,  {3)  Gamasidas. 
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Family  i.  Dermanyssid^. 

Gamasoidea  parasitic  on  vertebrates,  with  mandibles  fitted  for  jjiercing, 
with  the  body  sometimes  constricted,  with  soft  integuments  finely  striated. 

The  Dermanyssidse  are  divided  into  two  subfamihes  :  Dermanyssinae,  with 
an  anal  plcite ;  Halarachninae,  without  an  anal  plate. 

Subfamily  Dekmanyssin^. 
Dermanyssus  Dugds. 
Dermanyssinae  with  a  long  body  not  distinctly  constricted  ;  peritreme  on 
the  venter,  with  chelate  mandibles  in  the  male  and  long  stiliform  mandibles 
in  the  female.     Parasitic  on  birds. 

Dermanyssus  gallinse  de  Geer  1778. 

Synonyms. — Pulex  galUncB  Redi  1674,  Acarus  gallina  de  Geer  1778,  Der- 
manyssus avium  Dugds  1836. 

Tins  parasite  Uves  in  cracks,  etc.,  in  the  hen-house  during  the  day,  and 
attacks  the  fowls  at  night,  sucking  the  blood.  It  is  also  found  on  many  other 
birds  and  mammals,  and  occasionally  on  man,  generally  on  poultry-men,  in 
whom  it  produces  a  papular  eczematous  dermatitis  on  the  back  of  the  hands 
and  forearms.  D.  hirudinis  Hermann  1804,  which  is  probably  only  a  variety  of 
this  species,  can  also  be  found  on  man. 

Morphology. — Body  egg-shaped,  posterior  end  wider  than  anterior,  abdo- 
men with  short,  marginal,  widely  separated  bristles. 

Male  0"6  millimetre  by  o'32  millimetre  ;  female,  07  millimetre  by  0-4  milli- 

Holothyrus  coeeinella  Gervais  1842. 
This  arachnid  is  found  on  ducks  and  geese  in  Mauritius,  and  is  said  to  attack 
human  beings,  causing  swelUng  of  the  afiected  part,  which,  if  the  lips  or  tongue 
of  a  child,  may  be  dangerous. 

SUPERFAMILY  B.  IXODOIDEA  Banks  1894. 

Synonyms. — RicinicB-  Latreille  1804  ■pro  parte,  Ixodides  Leach  1815, 
Ixodea  Burmeister  1837,  Rif^ini  Koch  1847,  Ixodida  Kiichenmeister 

1855,  Ixodidce  Gerstacker  1863, 
Ixodides  Megnin  1876,  Ixodes 
Wagner  1876,  Metastigmata 
Canestrini  1892,  Cynorhcestea 
Marx  1892. 

The  term  Cynorhcestea  is  de- 
rived from  Aristotle,  who  speaks 
of  these  arachnids  as  Kvvopaia-rrjs 
(the  dog-tormentors),  because 
ticks  were  well  known  in  his  day 
to  attack  hunting-dogs. 

The  Ixodoidea  are  the  ticks, 
which  have  become  of  impor- 
tance in  tropical  medicine  not 
merely  because  of  their  un- 
pleasant bite,  but  because  of  the 
spread  of  disease  by  their  agency 
— as,  for  example,  the  tick  fever 
of  Africa,  Tsutsugamushi  disease, 
the  tick  fever  of  the  Rocky  Mountains,  etc.  They  are  parasitic  on 
mammals,  birds,  and  reptiles,  but  are  not  strictly  confined  to  one 


Fig.   184. — Margaropus  [annulatus 
Say,  variety  australis. 

Dorsal  view  of  the  male. 
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host.  The  Argasidfe,  one  of  the  two  f  amihes  included  in  the  super- 
family,  are  now  nocturnal  in  habits,  and  do  not  become  greatly 
distended  with  blood ;  while  the  other  family,  Ixodidse,  or  true  ticks 
are  very  common  in  tropical  countries.  ' 

Morphology. — A  tick  is  divisible  into  a  head,  rostrum,  or  capitulum  and  a 
body.  The  capitulum  is  the  small  anterior  structure  with  the  mouth  parts 
and  IS  easily  visible  from  above  in  the  Ixodid»,  but  must  be  viewed  from 
below  in  the  Argasidae.  It  joins  the  rest  of  the  body  at  the  camerostome 
The  capitulum  consists  of  the  following  parts  : 

I.  Neck. — This  is  the  junction  of  the  rostrum  with  the  rest  of  the  body. 


Fig.   186. — Chelicera 
of  h.  punctata  c. 

AND  F. 

(After  Nuttall,  Cooper 
and  Robinson,  Journal 
of  Parasitology.) 


Fig.   185. — Dorsal  View  of  the  Capitulum 

OF  a  Tick    (H^emaphysalis   punctata   C. 

AND  F.). 
(After  Nuttall,  Cooper  and  'Robinsaa,' Journal 
of  Parasitology.) 

1 .  ChelicerEe ;  2,  hypostome ;  3,  palp ;  4,  porose 
area.  (The  ventral  aspect  of  this  capitulum 
is  shown  in  Fig.  23.) 

2.  Base. — This  is  the  hard  basal  portion,  and  is  usually  quadrangular,  but 
its  outline  varies. 

In  females  of  the  Ixodidae  there  are  two  porose  areas  on  the  upper  surface. 
Attached  behind  the  base  is  the  neck ;  in  front,  in  the  middle  line,  is  the  haus- 
tellum,  composed  of  the  hypostome  and  the  mandibles  and  their  sheaths, 
on  each  side  of  which  lie  the'palpi. 

3.  The  hypostome  is  an  elongated  structure  composed  of  two  symmetrical 
halves,  with  numerous  minute  teeth,  called  denticles,  on  its  ventral  surface. 

4.  The  Chelicerae,  or  Mandibles,  are  two  in  number — one  on  each  side  of  the 
median  line,  lying  dorsal  to  the  hypostome.  The  posterior  portion  enclosed 
in  the  body  is  swollen  for  the  attachment  of  muscles,  while  the  anterior  is  flat 
and  narrow,  and  terminated  by  a  hook-like  digit,  which  has  two  or  three 
processes — the  apophyses — an  internal,  an  external,  and  a  middle,  with  hook- 
like teeth. 
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5.  The  mandibular  sheath  Ues  dorsal  to  the  mandibles. 
'  6.  The  palpi  are  composed  of  four  segments  or  articles— basal,  a,ntepen- 
ultimate,  penultimate,  and  apical.  They  are  of  importance  m  classihcation 
into  genera,  as  they  possess  hairs,  bristles,  edges,  a,ngles,  and  spines,  varying 
in  different  species.  There  is  sometimes  a  group  of  long  hairs  on  the  internal 
aspect  of  the  palpi,  which  are  probably  sensory.  . 

The  body  varies  greatlv  in  form,  colour,  outline,  and  structure.  It  is 
divided  into:  (i)  Dorsal  surface;  (2)  ventral  surface;  (3)  to  (5)  antenor, 
posterior,  and  lateral  margins. 

I.  Dorsal  Surface. — On  the  dorsal  surface  may  be  noted  : 

(a)  The  scutum,  found  in  the  IxodidcB,  and  well  marked  in  the  adult 
male,  but  much  smaller  in  the  adult  female.  It  is  a  hard, 
chitinous  plate,  with  two  longitudinal  grooves  (cervical  grooves). 


-Margaropus  annulatus  Say  australis. 
'Distended  female. 


(fc)  The   eyes,  only  sometimes  present  on  each  lateral   margin  of  the 
scutum  in  Ixodidae,  or  near  the  first  coxa  in  Argasidas. 

(c)  The  dorso-submedian  porose  plates  are   small,   circular,  or  oval 

chitinous  structures  on  each  side  of  the  median  line,  near  the 
third  and  fourth  legs. 

(d)  The   postero-marginal  festoons,   when    present,   are    eleven  areas 

marked  out  by  grooves  lying  along  the  posterior  margin  of  the 
body  between  the  stigmata. 

(e)  The   dorsal    grooves    are  usually  longitudinal,   and    not    always 

distinct,  as  they  are  due  to  muscular  contractions. 
(/)  Pits,  hairs,  spines,  etc.,  may  be  visible  on  the  dorsal  surface. 

2.  The  Ventral  Surface. — The  ventral  surface  exhibits  [;uide  Fig.  195)  : 

(a)  The  genital  pore,  situated  in  the  ventro-median  line,  between  the 
coxae  of  the  first  three  pairs  of  legs . 
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The  anus   situate  in  the  ventro-median  line  behind  the  posterior 
pair  of  legs.     It  is  surrounded  by  a  valve,  and  in  the  male  of 
,  ,   „,   certain  genera  has  laterally  the  clypea  or  anal  valves 

(c)  ihe    ventral    shields    of    chitin  are    small    sclerites  covering  the 

surface  in  the  male.  ® 

(d)  The  stigmata  lie  one  on  each  side  of  the  body,  between  the  ^rd 

and  4th  pairs  of  legs  in  the  Argasidas,  and  behind  the  fourth 
in  the  Ixodidge. 

(e)  "^^^^^j^^^^^e  often  to  be  seen  a  pair  of  genital  furrows  and  an  anal 

(/)  Pits    pores,  hairs,  and    punctations  are  to   be    found   as    on   the 
dorsal  surface. 

.r.^J''^^'''°l  4^?';g»'«-— This  varies  as  compared  with  the  posterior,  being 
sW  the'roSum    '■  '°"^*™''"  emarginate,  and  receiving  at  the  camero! 


•^ 


Fig.   188. — Copulation  of  the  Male  and  Female  Tick. 
(After  Sambon.) 

4.  Posterior  Margin. — This  is  generally  rounded,  and  often  marked  by  -the 
festoons  already  mentioned  on  the  dorsal  surface. 

5.  Lateral  Margins. — They  vary  as  to  their  straightness  or  degree  of  cur- 
vature. 

The  legs  are  segmented  into  the  following  articles  :  coxa,  trochanter,  femur, 
patella,  tibia,  and  tarsus. 

Internal  Anatomy. — The  interna]  anatomy  has  been  recently  studied  by 
Christophers  in  Ornithodoros  savignyi,  and  most  elaborately  by  Bonnet  in 
eight  Ixodidse  and  three  Argasidas,  males  and  females. 

The  tegument  consists  of  chitinous  layers,  under  which  lies  the  epidermis. 
On  the  surface  are  the  openings  of  numerous  glands.  A  large  cephalic  gland 
is  present  in  some  species,  opening  dorsally  at  the  junction  of  the  rostrum 
with  the  body. 

The  mouth,  which  is  lined  with  chitin,  is  situated  anteriorly  between  the 
mandibular  sheath  dorsally  and  the  hypostome  ventrally.  In  this  position 
it  is  merely  a  horizontal  slit,  with  open  sides,  but  farther  back  these  are 
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closed  by  the  junction  of  the  hjrpostome  with  the  mandibular  sheaths.  The 
cavity  extends  backwards  some  little  distance,  and  ends  blindly.  Into  its 
postero-lateral  angles  open  the  ducts  of  the  salivary  glands,  two  large  racemose 
glands  lying  over  the  bases  of  the  first  pair  of  legs.  The  acini  are  globular, 
and  their  walls  consist  of  large  cells,  as  a  rule  laden  with  refractile  granules 
staining  deeply,  or  with  indistinct  granules  staining  less  deeply. 

In  addition  to  the  ordinary  acini,  there  are  groups  of  four  or  five  cells, 
forming  pear-shaped  masses,  which  have  a  peculiar  af&nity  for  acid  stains  like 
eosin.  These  elements  are  really  unicellular  glands,  which  open  into  the 
principal  salivary  ducts,  not  into  the  small  ductules.  These  glands,  which  are 
numerous  in  the  Argasidje,  are  probably  poison  glands. 

On  the  floor  of  the  mouth  is  a  V-shaped  opening,  apex  pointing  forwards, 
which  leads  into  the  pharynx.  This  is  a  fusiform  organ,  narrow  in  front, 
where  it  turns  upwards  to  open  into  the  mouth,  while  behind  it  ends  in  the 
oesophagus.  Its  walls  consist  of  chitinous  plates  arranged  ventrally  and 
laterally,  so  that  the  lumen  is  triradiate  on  transverse  section.  At  the  angles 
the  chitinous  plates  are  united  together  by  double  folds,  allowing  expansion 
and  contraction,  and  brought  about  by  the  contraction  and  relaxation  of 


Fig.   189.— a  Tick  laying  Eggs. 
(After  Sambon.) 


muscles  taking  ongm  in  the  sclerites  forming  the  endoskeleton  of  the  head, 
and  inserted  into  these  plates.  It  ends  posteriorly  in  a  narrow  oesophagus, 
which  IS  without  chitinous  support,  and  therefore  soft.  This  oesophagus 
runs  backward,  perforating  a  large  ganglionic  mass,  and  ends  in  the  mid-gut. 
Its  walls  are  composed  of  a  layer  of  columnar  cells  internally  and  by  muscular 

*  , j^lt^^f  °^ "5^-  J"^*  ^^^"'^^  ^*  j°™5  ^^^  ^^  g"t  its  wall  thickens  and  forms  a 
told,  the  homologue  of  the  proventriculus,  which  projects  into  that  passage. 

The  oesophagus  opens  on  the  floor  of  the  large  central  food  reservoir  or 
mid-gut,  the  main  canal  of  which  runs  forward  a  little  distance  in  front  of 
this  opening,  and  backwards  to  the  neighbourhood  of  the  rectum 

The  central  canal  gives  off  diverticula,  which  may  be  classed  intfi  an 
anterior  set,  consisting  of  a  single  diverticulum  ;  a  lateral  set,  consisting  of  an 
antero-lateral  diverticulum,  subdivided  into  three  branches— a  medio- 
lateral,  into  two  or  three,  a  postero-lateral,  which  is  single,  and  a  posterior 
set,  which  IS  also  single. 

The  walls  of  the  central  tube  and  the  diverticula  consist  of  a  single  layer 
of  large  cells  lying  upon  a  thin  basement  membrane,  external  to  which  are 
large  single  muscular  fibres  arranged  longitudinally  and  transversely  in  an 
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open  network.  Digestion  is  assisted  by  free  cells  mingling  with  the  coagulated 
blood  filling  the  diverticula. 

Posteriorly  the  central  canal  is  connected  with  the  rectum  by  means  of  a 
very  fine  canal,  which  appears  to  represent  a  functionless  rudimentary 
intestine.     This  communication  is  not  adniitted  by  Bonnet. 

Into  the  rectum  open  also  two  long,  fine,  much  convoluted  tubules — the 
Malpighian  tubes,  which  are  composed  of  a  single  layer  of  large  cells  placed 
on  a  basement  membrane.     In  females  they  may  contain  spherical  corpuscles. 


Fig.   190. — The  Larva  of  H^maphysalis  punctata  C.  and  F.  (x  40). 
(After  Nuttall,  Cooper,  and  Robinson,  Journal  of  Parasitology.) 

which,   though  present  in  males,   are  much  smaller.     Berlese  and  Bonnet 
consider  that  these  bodies  are  composed  of  guanine. 

The  rectum  is  a  sacculated  tube,  with  a  wall  composed  of  a  single  layer  of 
flattened  cells  leading  to  the  anus.  Bonnet  objects  to  the  term  'anus,' 
considering  the  tubules  as  renal,  the  rectum  as  a  bladder,  and  the  opening  as 
an  excretory  pore  ;  but  this  term  must  be  kept,  for  morphological  reasons. 
Further,  he  states  that  this  excretory  matter  is  only  expelled  during  moulting, 
collecting  at  other  times  in  the  rectum.  The  anus  is  a  slit-like  aperture, 
guarded  by  two  lateral  semicircular  chitinous  plates. 


Fig.   191. — The  Nymph  of  H.s:maphysai,is  punctata  C.  and  F. 
(After  Nuttall,  Cooper,  and  Robinson,  Journal  of  Parasitology.) 

The  male  reproductive  organs  consist  of  a  thin,  transparent  tubule-— the 
testes — ending  at  either  end  in  a  vas  deferens,  which,  after  coiling  upon  itself, 
enters  a  lobulated  structure — the  white  gland.  The  ejaculatory  duct  ends 
in  the  chitinous  penis.  The  female  reproductive  organs  consist  of  a  single 
ovary,  which  lies  across  the  abdomen,  just  behind  the  central  alimentary  sac. 
This  ends  in  two  coiled  oviducts,  which  open  into  a  large  spermatheca  with 
thick  walls,  and  from  which  a  duct  leads  to  the- genital  opening. 

The  tick  breathes  by  means  of  a  system  of  tubes  lined  by  a  spiral  thread  of 
chitin      These  tubes  are  called  tracheae,  and  radiate,  from  the  opening  on  the 
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stigma  called  the  '  spiracle,'  ajl  over  the  body.  The  circulatory  system  con- 
sists of  a  median  heart  and  distributing  vessels.  The  fat  body  is  well  marked. 
There  are  a  number  of  dermal  glands,  a  coxal  gland  in  the  second  coxal 
joints  and  opening  on  the  first  coxal  joints  by  a  minute  pore,  and  a  cephalic 
gland  in  the  head. 

Life-History. — While  on  the  host  sucking  blood,  the  male  and 
female  parasites  copulate,  and  the  latter,  growing  to  a  large- size, 
drops  to  the  ground  and  lays  a  number  of  eggs.  The  egg  consists 
of  a  shell  with  an  inner  membrane,  enclosing  food-yolk  and  embryo, 
which  eventually  hatches  as  a  six-legged  larva,  without  sexual 
organs  or  stigmata.  The  digestive  organs  are,  however,  present, 
and  the  little  larva,  becoming  parasitic  on  some  animal,  sucks  its 


Fig.   192. — Adult  Male  of  H^emaphysalis  punctata  C.  and  F. 
(After  Nuttall,  Cooper,  and  Robinson,  Journal  of  Parasitology.) 

blood,  drops  off  and  moults,  giving  rise  to  the  nympha.  The 
nympha  has  eight  legs  and  a  pair  of  large  stigmata,  but  is  without 
reproductive  openings  or  organs.  The  nymphse  now  become  para- 
sitic, and  feed,  after  which  they  drop  off,  moult,  and  become  males 
or  females  with  fully  developed  generative  organs. 
i?5The  adults  now  become  parasitic  and  moult,  and  the  young 
female,  fixing  itself  to  the  host,  grows  considerably,  but  rarely 
changes  her  place  ;  while  the  male,  remaining  small,  wanders  about 
looking  for  the  female. 

The  life-history  and  the  habits  of  the  different  divisions  of  the 
IxodidcB  are  so  various  that  they  will  be  described  under  their 
separate  heads.     One  example  may,  however,  be  mentioned  here — 
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VIZ.,  .Margaropus  dacoloratus — whose  life-history  has  been  studied 
by  Lounsbury.  In  this  species  the  female,  dropping  off  the  host, 
completes  oviposition  in  a  time  varying,  according  to  the  tempera- 
ture of  the  air,  ffom  five  days  to  four  weeks,  while  the  incubation 
of  the  egg  varies  from  three  weeks  to  three  months.  The  larvae, 
which  are  capable  of  remaining  on  grass  without  food  for  months, 
must  obtain  access  to  cattle,  on  which  they  feed,  and  grow  for  three 
days,  after  which  they  moult  and  form  nymphs  on  the  sixth  day 
of  their  parasitic  existence — i.e.,  without  leaving  the  host.  The 
nymph  sucks  blood  and  grows  till 
the  eleventh  day,  and  the  adult  is 
hatched  on  the  thirteenth  to  sixteenth 
day  without  the  nymph  leaving  the 
host. 

Pairing  takes  place  on  the  seven- 
teenth to  twentieth  day,  and  the 
fertilized  gorged  female  drops  off  the 
host  on  the  twenty-fourth  to  thirty- 
first  day.  Thus,  in  this  case  the  larva 
and  nyrtiph  remain  parasitic  on  the 
host,  and  do  not  drop  off  as  described 
above.. 

Parasitic  on  Man. — The  ticks 
known  to  be  parasitic  on  man  are  : 
{t)-Argas  refiexus  Fabricius ;  (2)  A. 
persicus     Fischer    'de     Waldheim ; 

•  (3)   Ornithodoros  savignyi   Audouin  ;  ^ 

(4)  0.  moubata  Murray ;  {5)  0.  megnini  Duges  ;  (6)  0.  tuncata  Duges  ; 
(7)  0.  tholozani  Laboulbene  and  Megnin  ;  (8)  Aledorobtus  talaje 
Guerin  -  Mfeeville  ;  (9)  Eurkipicephalus  sanguineus  LatreiUe  ; 
(10)  Margawpus  annulatus  ;  (11)  Dermacentor'reticulaius  Fabricius  ; 
12  D.  occidentalis  Marx  ;  (13)  D.  electus  Koch ;  (14)  Euixodes 
ricinus  Linnffius:;  (15)  E.  hexagonus  Leach  ;  (16)  Amblyomma 
americanum  Koch  ;  (17)  A.  dissimile  Koch ;  {18)  Hyalomma  cBgypUum 

Linnaeus.  ,.  .  j      •      i„ 

Pathogenesis.--Ticks  are  spreaders  of  disease  in  man  and  animals. 

They  may  be  classified  into  spreaders  of  Spirochcetcs,  spreaders  ot 

Babesia,  and  into  spreaders  of  unknown  germs. 
1.  Spreaders  of  Spirochaetae. 
I    Ornithodoros  moubata  carries  Spirochatta  duttoni,  and  causes 

African  tick  fever  or  Button's  relapsing  fever  m  man 

2.  Arga&  persicus  carries  Spirochmta  marchouxi  Muttall  1904. 

2.  Spreaders  of  Babesia. 

I.  Eurkipicephalus  appendiculatus  carries  B.  bigeminum. 
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Fig.    193. — Female   of,   H^ma- 
physalis  punctata  c.  and  f. 

(After Nuttall, Cooper, and  Robin- 
son, Journal  of  Parasitology.) 
(a)  Magnified  ;  (b)  natural  size. 


2.  E.  simus. — B 

3.  E.  evertsi. — B.  equi. 

4.  E.  sanguineus. — B.  canis. 
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5.  E.  bursa. — B.  ovis. 

6.  Margaropus  annulatus. — B.  annulatum. 

7.  Heemophysalis  leachi. — B.  canis. 

3.  Spreaders  of  Unknown  Germs. 

1.  Argas  persicus  causes  a  disease  in  Persia. 

2.  Dermacentor  occidentalis  causes  Rocky  Mountain  fever. 
Classification.— The  Ixodoidea  are  divided  into  two  families  : 
Family   i.  Argasid^  Canestrini    1890. — Ixodoidea   without   a 

scutum  ;  mouth  parts  of  adult  not  prominent  from  above ;  no  pul- 
villus  attached  to  tarsus  in  adults. 


^fcjjt^Jiyym^ 


Fig.  194. — Argas  persicus  Latreille  : 
Female  Dorsal  Aspect  (Modi- 
fied). 


Fig.  195. — Argas  persicus  Latrielle  ; 
Female  Ventral  Aspect. 


Family  2.  IxoDiDiE  Murray  1877. — Ixodoidea  with  a  scutum ; 
mouth  parts  prominent  from  above ;  pulvillus  present,  attached  to 
the  tarsus  in  adults. 

Family  i.  Argasid^e. 

These  arachnids  are  more  like  bugs  than  ticks  in  their  habits. 
During  the  day  they  are  concealed  in  cracks  in  walls  or  floors,  or  in 
gravel,  but  at  night  they  come  out  and  run  about.  Christophers 
says  that  if  handled  they  sham  death,  and  that  when  running  about 
they  have  a  curious  habit  of  raising  the  first  pair  of  legs  as  though 
to  receive  information  about  their  surroundings.  They  can  hve 
for  a  long  time  (three  to  four  years)  without  food.  They  generally 
feed  after  dark,  being  gorged  in  about  fifteen  minutes. 
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Donovan  states  that  while  feeding  fluid  is  secreted  by  the  coxal 
glands,  and  lies  between  the  parasite  and  the  skin  of  the  host. 
This  fluid  is  alkaline,  and  prevents  coagulation  of  blood.  After 
feeding,  the  tick  drops  to  the  ground,  and,  being  wet  with  secretion, 
becomes  covered  with  dust  and  dirt.  At  first  they  are  much  swollen, 
but  in  a  few  days  this  diminishes,  though  they  may  remain  dis- 
tended for  weeks.  Soon  after  feeding,  the  tick  moults,  and  then 
becomes  active  again,  and  is  ready  for  another  feed. 

The  Argasidse  pair  at  various  times,  one  female  being  fertilized 
by  several  males.  The  female  now  becomes  quiescent,  and  passes 
out  its  ova,  a  process  requiring  a  week  or  more  to  be  completed. 
During  this  process  the  head  is  forcibly  flexed  on  the  body, 
so  that  the  palpi  lie  on  each  side  of  the  body,  whUe  above 
the  head  is  the  prolapsed  duct  of  the  cephalic  gland,  forming 
a  protuberant  mass.  The  ova,  are  not  as  numerous  as  those 
of  the  cattle  ticks,  and  are  generally  laid  in  a  loosely  adherent 
mass. 

The  six-legged  larva  hatches  in  less  than  a  week.  In  Ornitho- 
doros  it  appears  to  be  quiescent,  making  no  attempt  to  obtain  food, 
and  in  0.  moubata  does  not  leave  the  egg.  In  three  or  four  days 
it  moults,  and  becomes  the  eight-legged  nymph,  which  is  an  active 
little  creature,  feeding  readily.  In  Argas  the  larva  is  more  vigorous, 
and  feeds.  It  appears  as  though  there  were  great  differences  in  the 
life-history  of  the  different  species  of  the  Argasidae. 

The  adult  Argasidae  appear  to  moult  many  times  as  they  grow 
larger.     They  are  preyed  upon  by  insects. 

Genera. — ^The  Argasidae  are  divided  into  four  genera:  Argas, 
Caris,  Ornithodoros,  Aledorobius.  ' 

The  diagnosis  of  these  genera  is  as  follows  : 

1.  Eyes  absent,  body  usually  flat,  with  thin  borders,  without 
deep  ventral  grooves  :  (a)  No  groove  behind  anus — Argas  ;  (b)  trans- 
verse groove  behind  anus — Caris. 

2.  Eyes  present  or  absent ;  body  more  or  less  distended,  with 
deep  ventral  grooves  :  (a)  Without  a  fold  of  skin  (sclerite)  on  each 
side  of  palpi — Ornithodoros  ;  {b)  without  such  a  fold — Aledorobius. 

There  is,  however,  some  doubt  as  to  whether  Caris  is  really 
entitled  to  be  a  separate  genus. 

Argas  Latreille  1796. 

Synonyms.— iVec  Seoul  1835,  Cards  Latreille  1796,  Rhynchofrion 
Hermann  1804,  Caris  Latreille  1806. 

Definition.— Argasidae  with  oval  or  flattened  bodies,  m  which  the 
rostrum  is  at  least  its  own  length  from  the  anterior  margin,  which 
is  less  bluntly  rounded  than  the  posterior  margin.  No  fold  present 
around  the  base  of  the  rostrum  ventrally.  Tegument  roughened, 
by  wrinkles  and  folds,  and  marked  by  circular  pits.     Without  eyes. 

Type. — Argas  reflexus. 

The  number  of  species  known  is  steadily  increasing.    The  more 
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important  can  be  defined  by  the  following  table,  modified  from 
Neumann  : 

A.  Posterior  margin  with  rectangular  festoons — A.  fersicus. 

B.  Posterior  margin  with  narrow  festoons : 

I.  Tegument  with  fine  folds,  body  long,  swollen — A .  hermanni. 
II.  Tegument  with  large  folds,  body  flat : 

(a)  Body  narrower  in  front : 

(i)  Anterior  extremity  flat  and  rounded — A .  reflexus. 
(2)  Anterior  extremity  pointed  : 

(a)  With  deep  camerostome  and  dorsal  hexa- 

gonal markings — A.  brumpti. 

(b)  Without  these — A.  aqualis. 

(/8)  Body  almost  as  large  in  front  as  behind  : 

(i)  Body  short,  a  little  longer  than  broad— ^.  trans- 

gariepinus. 
(2)  Body  twice  as  long  as  broad — A .  cucumerinus. 

Argas  reflexus  Fabricius  1794. 

Synonyms. — Amarus  reflexus  Fabricius  1794,  A.  marginaius 
Fabricius  1794,  Rhynchoporion  columbce  Hermann  1804. 

Argas  with  yellowish  body  ;  male  4  bv  3  millimetres,  female 
6  to  8  by  4-  millimetres.  Its  distribution  is  mainly  in  Europe  and 
America,  where  it  lives  in  dovecots ;  but  it  can  and  does  attack  man, 
producing  the  symptoms  already  described  (p.  141). 

Argas  persieus  Oken  1818. 

Synonyms. — Rhynchoprion  persicum  Oken  1818,  Argas  persieus 
Fischer  de  Waldheim  1820,  A.  mauritianus  Gu^rin-Meneville,  A. 
miniatus  Koch  1844,  A.  americanus  Packard  1872,  A.  sanchezi 
Duges  1891,  A.  chinche  Gondet. 

T^is  Argas  is  widely  distributed,  being  found  in  Asia,  where, 
under  the  term  '  garib-guez '  [punaise  de  Miana),  it  has  long  had 
an  evil  reputation  for  causing  sickness.  It  is  also  known  in  Quetta. 
In  §outh  Africa  it  occurs  as  a  parasite  of  fowls  and  ducks,  and  is 
also  known  in  the  Sudan,  Egypt,  Turkestan,  and  Pekin.  Under 
the  name  of  A .  miniatus  it  was  described  in  the  form  of  the  chicken 
tick  of  the  United  States,  and  the  adobe  tick  of  Mexico  and  Arizona. 
According  to  Balfour,  it  spreads  the  Spirochceta  marchouxi  in 
Sudanese  fowls.  Nuttall  and  Strickland  have  demonsti;ated  the 
presence  of  an  anticoaguhn  in  the  salivary  glands  and  intestine  of 
this  tick. 

Argas  with  oval,  brownish-red  body.  Male  '4  to  5  by  3  milli- 
metres ;  female  7  to  10  by  5  to  6  millimetres.  Dorsal  and  ventral 
surfaces  with  pits  in  rows,  and  irregularly  placed. 
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Argas  brumpti  Neumann  1907. 

This  tick  was  discovered  by  Brumpt  in  Somaliland.  The  dorsum 
is  marked  by  symmetrical  hexagonal  depressed  areas.  Female, 
20  by  13  millimetres.  Nuttall  says  that,  according  to  Brumpt, 
the  bite  is  very  painful,  and  causes  pruritus  lasting  several  days, 
and  the  site  may  remain  indurated  after  seven  years. 

Argas  cucumerinus  Neumann  1901. 

Only  the  male  of  this  tick  is  known.  It  has  an  oval  elongated 
body,  brownish-red  in  colour,  10  by  5  millimetres.  It  is  found  in 
Lima  in  Peru.     Possibly  this  is  merely  a  variety  of  A.  reflexus. 

Argas  hermanni  Audouin  1827. 

Argas  with  very  fine  skin-folds  and  small  rostrum.  It  is  found 
in  Abyssinia  and  Egypt.  Possibly  this  also  is  only  a  variety  of 
A.  reflexus. 

Argas  sequalis  Neumann  1908. 

Synonym. — Ornithodorus  cequalis  Neumann  1901. 

Nuttall  places  this  species  with  the  Argasidse.  It  was  found  in 
German  East  Africa  by  Fiilleborn.  In  size  it  is  5  by  2'5  milli- 
metres, with  folded  finely  granulated  integument. 

Argas  transgariepinus  White  1846. 

Synonym. — Argas  kocki  Neumann. 

Argas  with  very  compressed  body,  not  much  longer  than  broad 
— 7  "5  by  6  millimetres.  Margin  with  irregular  folds.  Found  in 
South  Africa. 

Caris  Latreille  1804. 

Argasidffi  with  almost  circular  body,  a  little  larger  in  front-than 
behind,  with  a  conspicuous  transverse  groove  behind  the  anus. 

Caris  vespertilionis  Latreille  1796. 
Synonyms.— Canos  vespertilionis  Latreille  1796,  Argas  pulchella 
George  1876. 
Parasitic  on  bats. 

Ornithodoros  Koch  1844. 

Argasidffi  with  or  without  eyes.  Rostrum  surrounded  ventrally 
by  a  camerostome.  Tips  of  the  palpi  visible  from  above.  Lateral 
borders  of  the  body  straight,  sometimes  concave.  Integument 
mammillated,  with  hemispherical  elevations.  Two  longitudmal  coxal 
folds  a  pair  of  supracoxal  folds,  one  transverse  pre-anal  and  one 
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post-anal  groove,  and  one  longitudinal  anal  groove  running  from 
the  anus  to  the  post-anal  groove. 

Type. — Ornithodoros  savignyi  Audouin  1827. 

Eleven  species  are  recorded  :  (i)  Ornithodoros  savignyi  Audouin 
1827 ;  (2)  0.  mouhata  Murray  1887 ;  (3)  0.  turicata  Duges  1876 ; 
(4)  0.  megnini  Dugfe  1883 ;  (5)  0.  lahorensis  Neumann  1908 ;  (6)  0. 
tholozani  Laboulbene  and  Megnin  1882  ;  (7)  0.  pavimentosus  Neu- 
mann 1901 ;  (8)  0.  furcosus  Neumann  1908 ;  (9)  0.  erraiicus  Lucas 
1849  ;  (10)  ^-  coriaceus  Koch  1844  ;  (11)  0.  canestrinii  Birula  1895. 

Diagnostic  Table. 

A.  Eyes  present : 

Three  knobs  on  the  last  segment  of  the  fourth  leg : 
(«)  Tegument  with  hemispherical  protuberances : 

(i)  Eyes  of  equal  size  (Africa  and  India) — 0.  savignyi. 
(2)  Anterior  eyes  larger  (America) — 0.  coriaceus. 
(&)  Tegument  with  flattened  protuberances  (Africa) — 0. 
pavimentosus 

B.  Eyes  absent : 

I.  Subrectangular  body  nearly  square  (Mexico) — 0.  turicata. 
II.  Body  more  or  less  constricted  behind  the  fourth  pair  of  legs : 
{a)  With  broad  anterior  end  (Mexico) — 0.  megnini. 
(b)  With  narrow  anterior  end  (Lahore) — 0.  lahorensis. 
III.  Ovoid  body,  with  broader  posterior  end  : 

(a)  Anterior  end  broad  and  rounded  (Central  Africa) — 0. 

mouhata. 
[h)  Anterior  end  tapering : 

(i)  Tarsi  forked  distally  (Ecuador) — 0.  furcosus. 

(2)  Tarsi  slightly  knobbed  (Algeria) — 0.  erraiicus. 

(3)  Tarsi  second  to  fourth  markedly  knobbed  (Persia) 

— 0.  tholozani. 

(4)  Tarsi  first  with  three  dorsal  knobs,   second  to 

fourth  with  one  knob  (Persia) — 0.  canestrinii. 

Ornithodoros  savignyi  Audouin  1827. 

Synonyms. — Argas  savignyi  Audouin  1827,  Ornithodoros  morhil- 
losus  Gerstacker  1873. 

This  is  the  type  species  of  the  genus,  and  has  been  studied  in 
detail  by  Neumann  and  Christophers. 

It  is  common  in  Africa,  India,  and  Aden,  and  perhaps  elsewhere. 

Morphology. — Ornithodoros,  with  two  pairs  of  eyes  appearing  as 
circular,  smooth,  convex  elevations,  situated  on  the  supracoxal  fold 
above  the  bases  of  the  first  pair  of  legs,  and  between  those  of  the 
second  and  third  pairs.  Body  oval,  constricted  slightly  between  the 
third  and  fourth  pairs  of  legs,  yellow  in  colour  when  young,  and 
blackish-brown  when  old.    Integument  covered  with  irregular  hemi- 
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spherical  prominences  pointed  at  their  summits,  between  which  are 
narrow  depressions  with  hairs.  Capitulum  embedded  in  an  infundi- 
"buliform  camerostome,  from  which  it  is  separated  by  a  deep  groove, 
in  the  dorsal  portion  of  which  can  be  seen  the  opening  of  the  cephalic 
gland.  Mandibles  with  a  simple  claw-like  internal  apophysis,  and 
without  middle  apophysis.  Teeth  of  the  hypostome  arranged  in 
three  longitudinal  parallel  rows.  Two  spines  at  the  base  of  the 
hypostome,  which  is  large. 

Dorsum  of  the  body  marked  by  two  transverse  furrows,  one  just 
in  front  of  the  posterior  border,  and  the  other  situate  farther 
forward,  marking  off  a  median  elevation  with  a  central  depression, 
and  seven  similar  depressions,  each  of  which  becomes  a  deep  sulcus 
posteriorly. 

The  ventral  surface  shows  a  well-marked  pre-anal  furrow,  which 
laterally  meets  the  supracoxal  sulcus,  which  runs  round  the  anterior 
aspect  of  the  body  as  a  well-marked  groove,  defining  the  supra- 
coxal fold,  on  which  the  eyes  are  situate.  Behind  the  anus  are 
three  symmetrical  longitudinal  grooves,  while  a  short  V-shaped 
depression  abuts  on  the  anus.  The  genital  papilla  is  well  marked, 
and  surrounds  the  wide  transverse  opening. 

The  fourth  pair  of  legs  is  one  and  a  half  times  as  long  as  the  first. 
The  coxae  are  contiguous,  and  diminish  in  size  from  the  first  to 
the  fourth,  and  the  first  has  the  opening  of  the  coxal  gland. 
Christophers  has  observed  that  the  fluid  from  this  gland  is  alkahne, 
and  prevents  coagulation  of  the  blood.  The  stigmata  are  placed 
behind  and  above  the  supracoxal  folds.  The  fifth  joints  of  the 
first  three  pairs  of  legs  with  three  teeth,  the  two  proximal,  quad- 
rangular, and  the  distal  conical. 

This  tick  is  very  hardy,  and  is  said  to  be  able  to  live  for  many 
months  without  food  or'  moisture.  It  attacks  human  beings,  and 
is  found  in  Africa  and  India. 

Pathogenesis. — Not  known. 

Ornithodoros  moubata  Murray  1877. 

Synonym. — Ornithodoros  savignyi  var.  ccecus  Neumann  1901. 

0.  moubata  is  of  importance  as  the  spreader  of  SpirochcBta  duttoni, 
the  cause  of  Button's  relapsing  fever,  or  African  tick  fever.  The 
tick  is  distributed  widely  in  Africa,  where  it  is  called  bibo  m 
Uganda,  moubata  in  Angola,  and  tampan  in  Zambesi.  Christy 
has  described  a  similar  tick  in  Brazil. 

MoTVhology.  — Ornithodoros  without  eyes,  body  oval  a  little  wider  behind 
than  iS  front,  with  a  sUght  constriction  between  the  third  and  ^0^*^ J«|^  = 
colour  varies  with  age  from  yellow-brown  to  dusky  brown^  ,^^1*5^^  i^^ 
covered  with  irregular  hemispherical  prominences  Capitulum  embedded  m 
an  infundibuliform  camerostome.  Mandible  with  external  apophyses,  with 
two  widely  separated  teeth,  and  an  internal  apophysis,  which  is  bidentate^ 
iTpoTtome  not  much  wider  at  the  base  than  at  the  anterior  third.  Dorsurn 
of  the  body  marked  by  two  short  transverse  grooves  posteriorly  and  three 
cairs  of  pits,  from  each  of  .which  a  sulcus  runs  backwards  and  inwards. 

The  ventral  surface  shows  a  well-marked  pre-anal  sulcus,  which  joins  the 
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supracoxal  groove,  as  in  S.  savignyi ;  behind  the  anus  are  three  pairs  of 
longitudinal  grooves.  The  stigmata  are  semilunar,  situate  above  the  supra- 
coxal groove.  The  last  segment  of  the  fourth  pair  of  legs  is  stout  and  com.- 
pressed,  with  three  knobs,  the  distance  between  the  first  and  second  being 
equal  to  that  between  the  second  and  third. 

Tibias  and  tarsi  of  the  first  three  pairs  of  legs,  with  three  teeth — proximal, 
submedian,  and  distal,  the  latter  being  conical. 

Life-History. — The  female  lays  a  variable  number  of  eggs,  from 
70  to  139,  which  adhere  together,  and  are  golden-brown  in  colour  : 
881  by  776  /u.  Inside  these  eggs  the  larvae  develop  and  moult, 
becoming  nymphae,  which  hatch  aboutjthe  twentieth  day  at  a 


Fig.  196. — Ornithodoeos  moubata 
Murray:  Female  Dorsal  As- 
pect (x  4). 


Fig.  197. — Ornithodoros  moubata 
Murray  :  Female  Ventral 
Aspect  (x  4). 


temperature  of  20  to  30°  C.  and  a  humidity  of  71  to  77  per  cent. 
After  three  or  four  days  these  nymphae  suck  blood.  At  first  the 
position  of  the  stigma  is  marked  by  only  a  small  white  spot  and 
pit,  but  after  the  first  moult  this  becomes  clear.  The  genital  pore 
is  always  absent  until  after  the  second  moult. 

The  adult  tick  moults  after  each  feed  of  blood,  and  may  live 
about  a  year.  They  are  night  feeders,  and  rather  resemble  bugs 
in  their  habits.  Leishmann  observed  that  the  fluid  secreted  by 
the  coxal  glands  prevents  coagulation  of  the  blood. 

Pathogenesis. — It  is  the  spreader  of  Spirochmta  duttoni,  and 
according  to  Wellman  and  Feldman  possibly  of  Filaria  persians. 

Ornithodoros  turicata  Duges  1876. 

Ornithodoros  without  eyes  ;  anteriorly  the  body  is  much  narrowed. 
Tibiae  and  tarsi  with  three  small  tubercles. 

Habitat. — Mexico  and  Central  America.  Attacks  men  and 
fowls. 

Ornithodoros  megnini  Duges  1883. 

Synonyms. — Argas  megnini  Dug^s  1883,  A.  americana  Packard 
1893,  Rhynchoprium  spinosum  Marx  1895. 
Ornithodoros  with  phial-shaped  body ;    attenuated    anteriorly. 
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Females  5  to  6  millimetres  by  3  to  4  millimetres.     Males  somewhat 
smaller. 

This  is  the  ear  tick  of  American  cattle,  and  has  been  found  in 
the  ear  of  man. 

Ornithodoros  lahorensis  Neumann  1908. 

Ornithodoros  without  eyes.  Male  8  by  4-5  millimetres.  Female 
10  by  5 '6  millimetres.  Found  at  Lahore,  India.  Parasitic  on 
sheep. 

Ornithodoros  tholozani  Laboulbene  and  M6gnin  1882. 

Synonyms. — A.  tholozani  Laboulbene  and  M^gnin  1882,  A.  fafil- 
lipes  Birula  1895. 

Ornithodoros  without  eyes.  Males  4  to  6  millimetres  in  length 
and  2  to  4  millimetres  in  breadth.  Females  8  to  10  millimetres  by 
4  to  5  millimetres. 

It  is  specially  a  parasite  of  sheep  in  Caucasia  and  Persia,  but  is 
very  dangerous  to  man. 

Ornithodoros  pavimentosus  Neumann  1901. 

Ornithodoros  with  eyes.  Body  covered  with  flat  warts  forming 
a  pavement.     South  Africa. 

Ornithodoros  furcosus  Neumann  1908. 
Found  in  Ecuador.     Female  10  by  5  millimetres. 

'  Ornithodoros  erraticus^Lucas  1849. 

Synonym. — 0.  miliaris  Karsch  1880. 

Found  in  Algeria  and  Bengal.  Length,  2 '5  millimetres ;  breadth, 
17  millimetres. 

Ornithodoros  coriaceous  Koch  1844. 
Ornithodoros  with  eyes.      Only  one  knob   on  the  hind  tarsus. 
America. 

Ornithodoros  canestrinii  Birula  1895. 

Synonym. — Argas  canestrinii  Birula  1895. 

Found  in  Persia.  Male  10  by  5  millimetres  ;  female  14  by  8 
millimetres. 

Alectorobius  Pocock  1907. 

Argasidffi  with  folds  of  integument  capable  of  being  folded  under 
the  palpi. 

Type. — A.  talaje  Gu^rin-Meneville  1849. 

Alectorobius  talaje  Guerin-Meneville  1849. 

Synonym. — 0.  talaje  Guerin  and  Meneville  1849. 

This  is  the  chinch  of  South  America  and  Mexico,  where  it  is  a 
great  pest.  A.  coniceps  of  South  Europe  and  A.  ca-pensis  of  South 
Africa  are  varieties  of  this  species. 


476         BIOLOGICAL  CAUSES  OF  DISEASE— ARTHROPODA 

SUPERFAMILY  B.  IXODID^  Murray  1887. 

Synonyms. — Ixodei  Duges  1834,  Ixodini  Canestrini  and  Fanzago 
1877,  IxodincB  Trouessart  1892,  Anistomata  Marx  1892. 

Ixodoidea  with  a  dorsal  scutum  and  a  terminal  capitulum. 
The  digit  of  the  mandible  has  two  apophyses,  and  the  palpi  are  free. 

Most  of  the  ticks  belong  to  this  family,  which  has  the  following 
features. 

Morphology. — ^There  is  a  dorsal  scutum  and  a  terminal  capitulum. 
The  mandible  has  a  digit  with  two  apophyses,  of  which  the  internal 
is  short,  with  one  to  four  teeth,  and  the  external  long,  with 
two  to  five  teeth.  The  palpi  are  free.  The  second  pair  of  legs  is 
the  shortest,  and  the  fourth  pair  the  longest.  The  tarsus  has  a 
pulvillum.  The  stigmata  are  situate  posterior  to  the  coxa  of  the 
fourth  leg.  The  male  is  smaller  and  fatter  than  the  female.  The 
scutum  covers  the  whole  dorsum  except  a  marginal  region,  the 
posterior  portion  of  which,  between  the  two  stigmata,  is  generally 
divided  into  eleven  festoons.  The  female  has  but  a  small  scutum, 
situated  anteriorly,  and  the  capitulum  has  two  symmetrical  porose 
areas  on  its  basal  piece. 

Type  Genus. — Ixodes  Latreille  1796. 

Life-History  of  tlie  Ixodidse. — When  the  pregnant  female  tick 
drops  off  the  host,  it  at  first  appears  to  seek  for  a  suitable  place  to 
lay  its  eggs.  When  this  is  found,  it  becomes  quiescent,  and  the 
anterior  part  of  the  ventral  surface  between  the  first  pair  of  legs 
becomes  depressed,  and  forms  a  hollow,  in  which  the  head  and 
genital  orifice  are  situated.  When  an  ovum  passes  out  of  the  orifice, 
the  tick  moves  slightly  backwards.  This  oviposition  takes  about 
fifteen  to  twenty  days.  While  it  is  proceeding  the  tick  begins  to 
shrivel  and  to  show  yellow  areas,  due  to  the  distension  of  the  Mal- 
pighian  tubes  with  guanine.     At  the  end  of  oviposition  the  tick  dies. 

From  the  egg  comes  a  six-legged  larva,  wMch  generally  climbs 
into  some  grass  or  bushes  and  waits  to  get  on  to  a  host.  While 
so  doing,  it  may  remain  for  months  without  food. 

It  now  sucks  blood,  and  drops  off  this  first  host  and  moults  on 
the  ground,  becoming  an  eight-legged  nymph,  like  an  adult,  but 
without  generative  apparatus,  which  again  has  to  go  in  search  of 
a  second  host  and  obtain  a  feed  of  blood,  when  it  drops  off  and 
undergoes  a  second  moult,  turning  this  time  into  the  sexually 
mature  adult,  which  goes  in  search  of  a  third  host.  Before  feeding, 
the  adult  female  is  small,  flat,  and  thin.  When  she  arrives  on  the 
third  host  she  drives  her  rostrum  perpendicularly  into  the  skin 
as  far  as  its  base,  a  hole  being  made  by  the  mandibles. 

The  palpi  do  not  enter  the  hole  in  the  skin,  but  lie  on  each  side. 

The  recurved  hooks  on  the  hypostome  keep  the  tick  in  position, 
and  can  only  with  difficulty  be  detached.  The  tick  now  sucks  the 
blood,  and  at  the  same  time  becomes  fertilized,  and  increases  enor- 
mously in  size  by  the  addition  of  blood  and  the  development  of  the 
eggs.    She  then  drops  off  this  third  host  and  proceeds  to  lay  her  eggs. 
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The  male  does  not  gorge  and  does  not  increase  so  much  in  size, 
3ut  sucks  blood,  which  it  requires  for  its  fertilizing  work. 
The  Ixodida  are  divided  into  two  subfamilies  : 

Subfamily  i.  Rhipicephalin^  Salmon  and  Stiles  igoi. 

Synonyms. — Rhipistomidea  Koch  1844,  Conipalpi  Canestrini  1890, 
RhipicephalcB  Neumann  1897,  RhipistomidcB  Marx  1896. 

IxodidcB  in  which  the  palpi  are  no  longer  than  broad.  Anterior 
portion  of  the  body  emarginate. 

Type  Genus. — Eurhipicephalus. 

Genera. — Eurhipicephalus,  Margaropus,  Hcemaphysalis,  Dema- 
centor,  Rhipicentor. 

Subfamily  2.  Ixodin^  Salmon  and  Stiles  1901. 

Synonyms.- — Ixodidea  Koch  1844,  Cultripalpi  Canestrini  1890, 
IxodidcB  Marx  1892,  HcematustoridcR  Marx  1892,  EschatocephalidcB 
Marx  1892,  IxodcR  Neumann  1899. 

IxodidcB  with  palpi  longer  than  broad  ;  rostrum  long.  Anterior 
portion  of  the  body  straight  or  emarginate. 

Type  Genus. — Euixodes. 

Genera.  —  Euixodes,  Eschatocephalus,  Ceratixodes,  Aponomma, 
Amblyomma,  Hyalomma. 

Diagnostic  Table  of  Genera,  from  Salmon  and  Stiles. 
RhipicephalincB. 

A.  Eyes  present : 

I.  Dorsal  surface  of  capitulum  hexagonal,  sides  drawn  out 

laterally  into  sharp  points,  (a)  Males  with  anal 
plates. 

1.  Second  and  third  palpal  segments  straight ;  stigmata 

comma-shaped — Eurhipicephalus. 

2.  Second  and  third  palpal  segments  drawn  out  lateirally 

into  sharp  points  ;  stigmata  round — Margaropus. 
[b)  Males  with  rudimentary  anal  plates — Rhipi- 
centor. 

II.  Dorsal  surface  of  capitulum  rectangular,  sides  straight ; 

male  without  anal  plate— Dermacentor. 

B.  Eyes  absent — HcBmaphysalis. 

Subfamily  Rhipicephalin^. 

GenvLS.--Eurhipicephalus.  „     ,  •     j     id    i         00 

Synonyms.— Rhipicephalus  Koch  1844,  Paulotxodes  Berlese  1889. 

Rhipicephalinffi  with  distinct  eyes  ;  base  of  the  capitulum  broader 
than  long  •  hexagonal,  or  dorsal  surface  formmg  a  projecting  angle 
at  each  side.    Palpi  short  and  broad.    Firstcoxawith  two  large  teeth. 

Male  with  two  pairs  of  anal  shields. 

Type  Species. — Eurhipicephalus  sansuin,eus  Latreille. 
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Eurhipicephalus  appendiculatus  Neumann  1901. 

This  is  the  brown  tick  of  South  Africa,  where  it  spreads  Babesia 
parva  among  cattle  and  buffaloes,  causing  '  coast  fever.' 

Morphology. — Male  :  Scutum  does  not  quite  cover  the  dorsum  ; 
festoons  narrow ;  the  median  is  prolonged  into  a  caudal  process. 
In  front  of  the  festoons,  three  wide  longitudinal  grooves.  Size, 
4  by  2 '6  millimetres.   Female :  Dorsal  plate  oval ;  porose  area  small. 

Life-History. — ^The  eggs  are  laid  in  thousands  on  the  grass,  and 
hatch  in  about  twenty-eight  days  into  six-legged  larvae,  which 
pass  from  the  grass  on  to  cattle,  suck  blood,  and  drop  off  replete  in 
about  three  to  four  days. 

They  now  remain  dormant  for  about  twenty-one  days,  and 
finally  moult,  giving  rise  to  the  eight-legged  nymph. 

The  nymph  proceeds  to  attack  cattle  and  suck  blood,  taking 
the  same  length  of  time  as  the  larva.  It  then  drops  off  replete, 
and  in  about  eighteen  days  moults  and  becomes  an  adult  male  or 
female  tick,  which  again  infests  cattle.  The  female  settles  down 
quickly,  and  is  joined  by  the  male.  In  about  four  days  the  female, 
which  has  become  fertilized  and  fuU  of  blood,  drops  off,  and  com- 
pletes the  life  cycle  by  laying  the  eggs,  after  which  she  dies. 

What  becomes  of  the  male  is  not  known. 

Pathogenesis. — It  spreads  Babesia  parva,  the  cause  of  coast  fever 
in^  cattle,  by  the  bites  of  the  infected  nymphs  only — i.e.,  infected 
larvae  and  adults  do  not  spread  the  disease,  but  the  larva  can 
hand  the  infection  over  to  the  nymph,  which  is  the  spreader. 

Eurhipicephalus  bursa  Canestrini  and  Fanzago  1877. 

Synonym. — Rhipicephalus  bilenus  Pavesi  1883. 

This  species  is  widespread  through  Southern  Europe,  and  is  also 
known  in  Africa,  West  Indies,  and  Malaga,  as  a  sheep,  horse,  cattle, 
and  dog  tick. 

Morphology. — Male  scutum  half  as  long  as  wide ;  narrow  anteriorly, 
with  many  punctations.    Eleven  festoons.    Size  4-5  by  3  millimetres. 

Female,  when  newly  hatched,  fiat ;  when  distended  with  blood, 
ovoid.  Scutum  oval ;  eyes  about  the  middle  of  the  length.  Tegu- 
ment with  numerous  punctations  dorsally  when  young. 

Life-History. — ^The  female  lays  the  eggs  on  grass,  and  these  develop 
into  larvae,  which  attack  a  sheep,  and  moult  on  it  in  about  eight 
days,  forming  nymphae,  which  grow  for  twenty-one  days,  fall  off  on 
to  the  ground,  moult,  and  become  adults,  which  again  infest  sheep. 

Pathogenesis. — It  spreads  B.  ovis,  which  causes  '  heart-water ' 
in  sheep,  the  infection  being  carried  from  an  adult  female  through 
the  eggs  to  the  adult  ticks  of  the  next  generation,  which  alone  are 
capable  of  transmitting  the  disease. 

Eurhipicephalus  simus  Koch  1844. 
This  tick  is  found  in  various  parts  of  Africa — viz.,  Egypt,  German 
East  Africa,  and  the  Cape.     It  has  several  varieties — e.g.,  E.  simus 
erlangeri,    E.    s.    hilgerti,    E.    s.    shipleyi.     In   South   Africa   it    is 
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called  the  black  pitted  tick,  because  of  its  punctations,  and 
causes  coast  fever'  by  spreading  Babesia  parva.  Male  oval, 
rounded  posteriorly ;  4  by  2-2  millimetres.  Scutum  brown-red. 
i'emale  oval,  6  by  3  millimetres. 

Eurhipicephalus  sanguineus  Latreille  1804. 

Synonyms.— /;(;o(^es  sanguineus  Latreille  1804,  /.  rufits  Koch 
1844. 

Synonym  of  f(ymfh.~Phailixodes  rufus. 

This  is  the  common  dog  tick,  by  which  B.  cams  isjspread,  which 
it  acquires  as  an  adult,  and  transmits  in  the  succeeding  nymphal 
and  adult  stages.  It  also  spreads  Hcemogregarina  canis.  It  is 
practically  cosmopolitan. 

The  female  has  an  elliptical  body,  wider  in  front  than  behind : 
II  by  7  millimetres,  reddish-brown  in  colour.  Scutum  very  small ; 
mtegument  nearly  or  completely  without  hairs.  The  mandibles 
have  an  internal  apophysis  with  three  teeth,  arranged  one  internally 
and  two  externally ;  and  an  external  apophysis  with  three  teeth, 
arranged  in  series. 

The  male  is  3-35  by  1-55  millimetres,  with  a  scutum  covering  the 
dorsal  surface,  except  at  the  sides  and  back.  External  apophysis 
with  only  two  teeth. 

Eurhipicephalus  evertsi  Neumann  1897. 

This  is  the  red-leg  tick,  which  spreads  B.  equi,  and  is  found  in 
Europe,  Africa,  and  Asia.  The  life-history  resembles  Eurhipi- 
cephalus appendiculatus  in  the  changes  of  host  by  larva  and  nymph. 
The  infection  is  acquired  in  the  nymphal  stage,  and  transmitted 
by  the  adult.  Size :  male,  5  to  6  by  3  to  4  millimetres  ;  female,  14  by 
9  millimetres. 

Margaropus  Karsh  1879. 

Synonyms. — Boophilus  Curtice  1891,  Rhipicephalus  Neumann 
1897. 

RhipicephalincB  with  eyes,  though  often  indistinct ;  base  and 
capitulum  broader  than  long.  Palpi  short  and  broad ;  second 
and  third  segment  thicker  in  the  middle,  and  forming  a  sharp  angle 
externally.  Posterior  margin  of  the  first  coxa  slightly  bidentate  ; 
stigmal  plate  round.  Body  without  marginal  festoons;  anal 
groove  absent.     Male  with  two  pairs  of  anal  plates. 

Type. — M.  annulatus. 

Only  three  or,  according  to  Neumann,  two  species,  of  which  two 
species  (M.  annulatus,  M.  decoloratus)  may  be  one,  the  third  being 
M.  lounsburyi  Neumann  1907. 

Margaropus  annulatus  Say  1821. 

Synonyms. — Ixodes  annulatus  Say  1821,  Hcemophysalis  rosea 
Koch  1844,  Ixodes  bovis  Riley  1869,  Boophilus  bovis  Curtice  1880, 
and  several  others. 
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Female  with  elliptical  body,  as  wide  in  front  as  behind.  Scutum 
very  small.  Eyes  small.  Dorsal  surface  with  two  antero-posteriqr 
grooves,  interrupted  towards  their  middle.  Ventral  surface  with 
small  sexual  aperture  and  sexual  furrows.  Stigmata  oval.  Capi- 
tulum  very  short.  Internal  apophysis  of  mandible  conical ;  the 
external  with  three  teeth.  Hypostome  broad.  Palpi  very  short. 
Legs  short  {vide  Fig.  187). 

Male  with  body  oval,  2-15  by  2-35  millimetres,  narrow  anteriorly  ; 
widest  opposite  stigmata.  Scutum  brown-red,  covering  the  whole 
dorsal  surface  with  large  punctata.  Sexual  orifice  large,  a  little 
in  front  of  the  level  of  the  second  pair  of  legs.  Festoons  hardly 
marked.  Two  pairs  of  clypeal  shields.  Internal  apophysis  of  the 
mandibles  with  bifid  point ;  the  external  has  two  teeth.  Coxa  of 
first  leg  with  a  blunt  anterior  process  and  bifid  posteriorly  {vide 
Fig.  184). 

This  tick  has  a  very  wide  geographical  distribution,  being  found  in 
North  and  South  America,  the  West  Indies,  Africa,  Europe,  Japan, 
and  Australia ;  but  the  different  countries  show  certain  variations 
in  the  tick,  and  hence  the  species  receive  a  little  change  in  the  name. 

Life-History. — Margarofus  annulatus  begins  its  life  with  the  egg 
on  the  ground  from  which  the  larva  emerges,  and  gaining  access  to 
the  host,  undergoes  its  development  into  nymph  and  adult  without 
the  changes  of  host  described  in  Eurhipicephalus . 

When  the  adult  female  has  gorged  with  blood,  she  drops  off  the 
host  and  lays  her  eggs. 

Pathogenesis. — It  is  the  spreader  of  Babesia  bigeminum,  the  cause 
of  Texas  or  red-water  fever  in  cattle.  The  adult  female  acquires 
the  Babesia  and  passes  it  on  to  the  larva,  which  infects  the  host. 

Varieties. — The  names  of  the  varieties  are  :  (i)  M.  dugesi  Megnin 
1880,  in  North  Africa;  (2)  M.  microphilus  Canestrini  1887,  in 
South  America ;  (3)  M.  australis  Fuller  1899,  in  Australia,  Asia, 
Africa  ;  (4)  M.  calcaratus  Birula  1895,  in  the  Caucasus  ;  (5)  M.  cau- 
datus  Neumann  1901,  in  Japan  ;  (6)  M.  argentinus  Neumann  1901, 
in  Buenos  Ayres. 

Margaropus  decoloratus  Koch  1844. 

This  is  looked  upon  as  a  variety  of  Margaropus  annulatus  Say 
by  some  authors.     It  is  the  blue  tick  of  South  Africa. 

Morphology. — ^The  clypeal  plates  in  the  male  end  in  sharp  points,  and 
a  caudal  appendage  is  present.     The  hypostome  has  six  rows  of  teeth. 

Life-History. — It  lives  from  the  larval  stage  to  the  adult  on  the 
same  host.  The  adult,  when  fully  fed,  drops  off  and  lays  the  eggs 
on  the  ground. 

Pathogenesis. — It  is  a  spreader  of  Babesia  bigemina. 

RhipicentOT  Nuttall  and  Warburton  1908. 

A  new  genus  participating  in  tl:e  dorsal  characters  of  Rhipicephalus  and 
the  ventral  of  Dermacentor. 

Species. — Rh.  bicomis  N.  and  W.  1908,  Rh.  vicinus  N.  1908. 


DERMA  CENTOR 


481 


It  is  found  in  the  north-western 


Dermacentor  Koch  1844. 

Rhipicephalinse  with  eyes ;  base  of  capitulum  rectangular,  broader 
than  long.  Dorso-sub median  porose  plate  present ;  palpi  short  and 
thick ;  stigmata  comma-shaped.  Male  without  anal  shields.  The 
coxa  of  the  fourth  leg  much  larger. than  those  of  the  others.  Scutum 
ornamented. 

Type. — D.  reticulatus  Fabricius. 

Dermacentor  reticulatus  Fabricius  1794. 

Synonyms. — Acarus  reticulatus  Fabricius  1794;  Ixodes  reticulatus 
Fabricius  1805 ;  /.  marmoratus  Risso  1826 ;  Dermacentor  albicollis 
Koch  1844;  D.  pordalinus  Koch  1844;  D.  fefrugineus  Koch  1844; 
HcBtnophysalis  marmorata  Berlese  1887. 

Dermacentor  with  coarsely  punctate  stigmal  plate. 

This  tick  gains  its  importance  from  the  fact  that  for  some  time 
it  was  considered  to  be  the  cause  of  the  spread  of  Rocky  Mountain 
fever,  which  is  really  due  to  the  nearty-related  D.  occidentalis,  with 
which  it  was  long  confused.  It  probably  does  not  occur  in 
America.     It  is  widely  distributed  through  Europe  and  Asia. 

Dermacentor  occidentalis  Marx  1892. 

This  tick  was  received  by  Marx  from  Occidental  in  California,  and 
was  first  described  by  Neumann. 
portion  of  the  United 
States,  from  Califor- 
nia to  Montana. 

Morphology. — 
Male :  Oval,  narrow 
in  front,  broad  be- 
hind; scutum  varie- 
gated brown  and 
white.  Anteriorly 
there  is  an  elliptical 
area,  the  pseudo-scu- 
tum, closely  repre- 
senting the  form  and 
colour  of  the  female 
scutum,  and  hmited 
by  a  white  border,  and 
possessing  two  lateral 
brown  stripes,  with  a 
median  brown  stripe 
or  spots  between 
them.  Behind  this 
there  are  four  brown 

stripes  arranged  in  a  curve,  open  anteriorly.     Posterior  to  these 
usually  &ie  brown  stripes  ;  one  central  and  two  lateral.     Between 

*  In  a  private  communication  received  from  Dr.  Stiles,  he  states  that  this 
tick  will  be  separated  from  D.  reticulatus  and  D.  occidentalis,  and  be  named 
D.  salmoni  Stiles  1909. 
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Fig 


8. — Dermacentor   occiDENTALrs   (Male)  : 
DoRSAi-  Aspect.* 


Fig.   199.- 
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these  areas  the  whole  dorsum  is  speckled  with  brown  punctations. 

The  eleven  festoons  are  somewhat  quadrangular,  each  composed  ot  a 

white  area  with  one 
brown  spot,  and 
speckled  with  brown 
punctations.  Ventral 
surface  with  the  first 
coxa  bidentate,  and 
the  others  with  a 
single  spine.  Fourth 
coxa  very  large ; 
about  twice  as  large 
as  the  third.  Gene- 
rative aperture  on 
a  level  with  the 
second  pair  of  legs. 
Stigma  comma- 
shaped  ;  hypostome 
with  three  rows  of 
teeth  on  each  side. 
Palpi  longer  than 
hypostome.  Size,  5 
by  2 '5  millimetres. 

Young  female  : 
Oval  depressed  body, 

broader  posteriorly  than  anteriorly ;  reddish-brown  in  colour ;  about 

the  same  size  as  the  male — 5  by  2 '5  miUimetres.     Scutum  very 

large,    and    marked   like 

the  anterior  part  of  the 

male,    extending    as    far 

back  as  the  third  pair  of 

legs,    with    eyes    in    the 

anterior  part  of  the  lateral 

border.    Dorsal  surface  of 

abdomen  with  a  marginal 

groove  begirining  behind 

the  eyes,  and  three  longi- 
tudinal   grooves    running 

backwards,  the  two  lateral 

beginning  just  behind  the 

scutum,  and  the  median 

about   the  centre  of  the 

body.      Posterior  margin 

with  eleven  festoons.  Ven- 
tral surface  with  fine  hairs. 

Genital    aperture    at   the 

level  of  the  second  coxa ; 

genital  grooves  close  together  at  first,  but  diverging  laterally  behind 

the  fourth  coxa,  and  ending  between  the  second  and  third  external 


-Dermacentor   occidentalis    (Male) 
Ventral  Aspect. 


Fig.    200. — Dermacentor    occidentalis 
(Replete  Female)  :  Dorsal  Aspect. 
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Fig.    201. DERMACENTOR    OCCIDENTALS 

(Replete  Female)  :  Ventral  Aspect. 


festoons.     Anus  with  short  anomarginal  groove.     Stigma  comma- 
shaped. 

Capitulum  with  the  posterior  lateral  angle  prolonged  into  a  sharp 
pomt.  Porose  areas  circular.  Internal  apophysis  of  the  mandible 
with  strong  posterior 
tooth;  external  with  three 
successive  teeth.  First 
coxa  bidentate,  other 
three  with  spines. 

Replete  Female  : 
Swollen  body  laterally 
constricted  at  the  stig- 
mata; of  deep  brown  or 
slate  colour ;  size,  16  by 
10  millimetres. 

Life-History. — ^The  egg 
hatches  in  seven  to  ten 
days,  and  produces  a 
larva  which  feeds  on 
some  animal  for  several 
days,  and  then,  becoming 
swollen  and  of  a  uniform 
slate-colour,  drops  off, 
and  becoming  quiescent, 
moults  and  gives  rise  to  the  nymph.  This  nymph  again  attacks 
an  animal,  and  when  fed  drops  off,  and  in  ten  days  moults  and 
becomes  the  adult.  The  nymph,  however,  can  hibernate.  If  the 
adults  do  not  obtain  a  host,  they  die  off  quickly. 

Pathogenesis. — It  is  the  spreader  of  Rocky  Mountain  fever. 

•     Haemaphysalis  Koch  1844  {vide  Figs.  190-193). 

RhipicephaUnae  without  eyes,  with  the  base  of  the  capitulum 
rectangular ;  twice  as  broad  as  long.  Palpi  triangular  or  crescentic. 
Stigmata  circular  or  comma-shaped.  Anal  shields  absent.  Tegu- 
ment brownish. 

Type. — H.  concinna  Koch  1844. 

Species. — H.  concinna,  H.  leachi,  H.  flavii,  H.  punctata,  the  life- 
history  of  the  last  named  having  been  studied  in  detail  by  Nuttall, 
Cooper,  and  Robinson. 

Haemaphysalis  leachi  Audouin  1827. 

This  species  is  found  in  Africa,  Sumatra,  and  New  South  Wales. 
It  is  the  South  African  dog  tick.  „      .  ,       , 

The  male  is  3  by  1-5'  millimetres,  with  yellowish-red  scutum, 
finely  punctated  dorsum,  with  eleven  marginal  festoons.  Palpi 
longer  than  hypostome.     Coxae  of  all  legs,  with  a  short  spme. 

The  female  is  9  by  5  milHmetres ;  scutum  oval,  larger  than  wide. 

Second  segment  of  palpi  long  and  spiny. 
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Life-History. — The  larva,  after  feeding,  drops  off  the  dog,  and 
moults.  The  nymph  attacks  another  dog,  feeds,  drops  off,  and 
moults.  The  adult  attacks  a  third  dog,  feeds,  drops  off,  and  lays 
eggs  which  develop  larvffi. 

Pathogenesis. — It  is  the  spreader  of  Babesia  cams  among  dogs, 
causing  their  biliary  fever.  Nuttall  and  Hadwen  have  shown  that 
this  canine  babesiasis  can  be  successfully  treated  by  hypodermic 
injections  of  6  c.c.  of  a  i  per  cent,  solution  of  trypanrot,  or 
4'5  to  5-5  c.c.  of  a  saturated  solution  of  trypanblau. 

Subfamily  Ixodin^e. 
The  following  diagnostic  table,  modified  slightly  from  Salmon 
and  Stiles,  will  indicate  the  genera  : 

A.  Eyes  absent : 

I.  Pre-anal  crescentic  groove  opens  posteriorly  : 
{a)  Palpi  valvate — Ixodes, 
(b)  Palpi  clavate — Eshatocephalus. 

II.  Post-anal  crescentic  groove  open  anteriorly — Aponomma. 
III.  Without  anal  groove  in  the  female  ;  one  anal  shield  in 
the  male — Ceratixodes. 

B.  Eyes  present : 

I.  Anal  plates  absent — Amblyomma. 
II.  Anal  plates  present  on  males — Hyalomma. 

Ixodes  Latreille  1796. 

Synonyms.^ — Cynorhastes  Hermann  1804,  Crotonus  DumerU  1822. 

Ixodinae  without  eyes,  and  with  long  palpi  hollowed  on  the 
internal  surface.  Tarsi  without  terminal  spurs.  Pre-anal  groove 
open  posteriorly. 

Male  with  scutum  not  covering  the  lateral  and  posterior  margins  ; 
no  festoons  ;  stigmata  oval.  Ventral  shields  six  in  number  ;  two 
lateral  surrounding  the  coxae  and  stigmata,  one  median  between 
genital  pore  and  anus,  and  two  adanal. 

Female  with  three  dorsal  longitudinal  grooves  and  two  longi- 
tudinal genital  ventral  grooves,  and  the  anal  crescentic  groove 
already  mentioned. 

Type. — Ixodes  ricinus  Linnaeus. 

Ixodes  ricinus  Linnaeus  1758. 
Synonyms. — Acarus  reduvius  Linnaeus  1758,  A.  ricinus  Linnaeus 

1758- 

This  is  the  castor-oil  tick,  and  is  found  in  Europe,  North  Africa, 
and  North  America  on  man,  sheep,  goats,  cattle,  horses,  dogs,  cats, 
rabbits,  bats,  birds,  etc. 

The  male  has  an  oval  body,  broader  posteriorly,  2 '5  by  1-5  milli- 
metres.    Scutum  convex,  deep  red-brown.     Genital  pore  on  a  plane 
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with  the  third  coxa.     Pregenital  and  anal  shields  well  marked. 
Capitulum  long. 

The  female,  when  young,  has  flat,  oval  body.  Pregnant  and 
replete  female  is  like  a  castor-oil  bean,  10  to  11  by  6  to  7  milli- 
metres, of  ashy  colour.  Tegument  covered  with  fine,  short  hairs. 
Dorsal  surface  with  three  well-marked  posterior  grooves  and  two 
anterior. 

Genital  pore  at  the  level  of  the  fourth  coxas.  Genital  grooves 
unite  in  front  of  the  vulva. 

Well-marked  pre-anal  crescentic  groove,  open  posteriorly.  Stig- 
mata whitish.  Porose  areas  elongated  transversely.  Mandibles 
with  two  teeth  on  the  internal  apophysis,  and  external  with  five 
teeth. 

Life-History. — ^The  female  lays  about  1,000  eggs  in  about  one  to 
two  weeks,  which  take  six  weeks  to  hatch  into  a  larva,  which 
remains  one  week  on  the  first  host,  and  then  four  weeks  on  the 
earth  before  it  becomes  a  nymph.  This  stage  requires  one  week  on 
the  second  host  and  eight  weeks  on  the  earth  before  it  becomes  the 
adult,  which  seeks  the  third  host,  copulates,  sucks  blood,  and 
drops  off  to  lay  eggs. 

Pathogenesis. — It  acquires  Babesia  bigeminum  from  infected  cattle 
in  the  adult  stage,  and  spreads  it  to  fresh  cattle  in  the  larval  and 
nymphal  stages. 

Ixodes  hexagonus  Leach  1815. 

Synonyms. — Ixodes  autumnalis  Leach  1815,  /.  erina       Audouin 
1832,  /.  reduvius  Audouin  1832,  I.  sexpunctatus  Koch  18     . 
This  is  the  European  dog  tick,  and  is  non-pathogenic. 

Eschatocephalus  Frauenfeld  1853. 

Synonyms. — Sarconissus  Kolenati  1857,  Hmmalastor  Koch  1857. 

Ixodinse  without  eyes,  and  with  a  long  rostrum.  Palpi  pyriform 
in  the  male  and  claviform  in  the  female.  Pre-anal  groove  opening 
posteriorly.     Stigmata  circular.     Legs  long. 

Male  with  dorsal  and  ventral  irregular  chitinous  thickenings. 

Female  with  very  fine  parallel  grooves. 

Type. — E.  vespertilionis. 

There  are  over  seven  species  found  in  bats  and  in  caves. 

Aponomma  Neumann  1899. 

Synonym. — Ophiodes. 

Ixodina  without  eyes,  and  with  the  base  of  capitulum  usually 
pentagonal,  with  dorso-lateral  border  very  short ;  palpi  long.  Post- 
anal groove.     Ventral  sexual  grooves. 

Male  nearly  as  broad  as  long,  with  a  scutum  marked  with  green 
spots  covering  the  whole  dorsal  surface. 

Female  scutum  shorter  than  broad. 

Type. — A.  gervaisi. 

These  ticks  are  found  on  reptiles. 
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Ceratixodes  Neumann  1904. 

Ixodinse  with  long  palpi,  without  eyes,  and  without  anal  groove 
in  female.  Stigmata  circular.  One  anal  and  two  adanal  shields  in 
the  male. 

C.  putus  is  the  only  known  species,  and  lives  on  sea-birds,  and  is 
found  on  cliffs. 

Amblyomma  Koch  1844. 

Ixodinse  with  flat  eyes  ;  rostrum  long,  with  valvate  palpi.  Anal 
groove  semicircular,  opening  anteriorly.  No  median  ano-marginal 
groove  ;  no  anal  plates  in  the  male.  Stigmata  triangular.  Nearly 
always  eleven  festoons. 

Type. — A.  cajennense. 

Amblyomma  hebrseum  Koch. 

This  tick  is  found  in  Africa,  especially  in  Cape  Colony,  where  it 
is  called  the  '  bont,'  or  variegated  tick,  and  is  the  spreader  of 
'  heart-water  '  in  sheep  and  goats. 

^  Morphology. — Male  with  white  scutum,  variegated  with  brown, 
and  finely  punctated  and  marked  with  longitudinal  grooves. 
Marginal  festoons  green,  except  the  two  outer,  which  are  brown. 
Female  with  brown  or  white  scutum,  as  broad  as  long ;  body  24  by 
15  millimetres. 

Life-History. — ^The  usual  life-history  for  Ixodidse. 

Pathogenesis. — ^Transmits  '  heart- water  '  in  sheep. 

Hyalomma  Koch  1844. 

Ixodinae  with  eyes,  rostrum  long,  palpi  valvate,  anal  groove 
semicircular,  opening  forwards,  uniting  sexual  grooves,  and  fol- 
lowed by  a  median  ano-marginal  groove.  Male  with  two  pairs  of 
ventral  shields,  two  adanal  and  two  lateral.  Female  with  triangular 
stigmata. 

Type. — Hyalomma  cagyptum. 

Only  a  few  species  :  H.  cegyptum,  H.  crassitarsus,  H.  affine,  H. 
syriacum,  H.  rhipicephaloides,  H.  hippopotamense. 

Hyalomma  segyptum  Linnaeus  1758. 

Synonyms. — Acarus  cegyptus  L.  1758,  Ixodes  camelinus  Fischer 
1823. 

This  tick  is  found  in  Africa,  particularly  in  Egypt  and  South 
Africa ;  in  Asia,  particularly  in  Southern  India ;  in  Europe,  espe- 
cially in  France  and  Italy.  The  adults  attack  cattle,  especially 
sheep  and  goats,  and  also  at  times  man.  The  larvae  and  nymphae 
are  supposed  to  attack  birds,  not  cattle. 

The  male  is  almost  black,  with  a  pale  marginal  stripe,  with  a 
small,  triangular,  often  white,  median  festoon. 

The  female  is  brown,  with  light  blue  stripes.     Scutum,  which  as 
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a  rule  is  as  broad  as  long,  possesses  numerous  punctations,  and  is 
indentated  behind  the  eyes. 

Life-History. — ^This  appears  to  require  further  investigation. 

Pathogenesis. — Nil. 

SUBORDER  IV.  PROSTIGMATA. 

The  suborder  Prostigmata  contains  two  superfamilies,  which  are 
of  importance  in  medicine. 

SuPERFAMiLY  A.  Trombidoidea.— Prostigmata  in  which  the  last 
joint  of  the  palpi  is  bent  down  towards  the  penultimate  joint,  which 
usually  ends  in  a  claw.     Body  often  with  many  hairs. 

SuPERFAMiLY  B.  EupopoiDEA.— Prostigmata  with  simple  palpi, 
in  which  the  last  joint  of  the  palpi  is  not  bent  down  towards  the 
penultimate  joint.     Body  with  few  hairs. 

SUPERFAMILY  A.  TROMBIDOIDEA. 
The  Trombidoidea  include  the  following  families,  which  are  of 
importance  in  medicine  :    (i)   Trombididae ;    (2)   Tetrarhynchidae  ; 
(3)  Cheyletidse. 

I.  Trombidid^. 

Trombidoidea  with  soft  skins,  and  chelate  mandibles  adapted  for 
biting. 

The  larvse  of  this  family  are  the  harvest-mites,  and  are  widely 
distributed ;  Leptus  autumnalis  Shaw  1790  being  the  harvest-bug, 
which  is  not  uncommon  in  South  England  in  August  and  September, 
and  also  in  the  South  of  France  and  Germany,  where  it  principally 
attacks  small  mammals,  dogs,  and  cats,  from  which  they  are  sup- 
posed to  pass  to  man.  Leptus  americanus  Riley  and  L.  irritans 
Riley  are  American  species,  being  found  in  the  United  States  and 
Mexico.  Trombidium  tlalsahuate  Lemaire  1867  is  the  Tlalsahuaie 
of  Mexico.  The  zoological  names  of  the  '  pou  d'agonti '  of  Guiana, 
the  '  niaibi '  of  New  Granada,  the  '  Colorado  '  of  Cuba,  the  '  mouqui ' 
of  Para,  the  '  bete  rouge  '  of  Martinique  and  Honduras,  are  not 
known.  It  must  be  confessed  that  there  is  a  great  deal  of  uncer- 
tainty about  the  genus  and  species  of  these  larvse,  and  the  subject 
evidently  requires  revision.  It  is  apparently  by  no  means  certain 
■  what  is  the  adult  of  L.  autumnalis. 

Morphology. — ^They  are  six-legged  larvse  with  prominent  claws 
on  the  tips  of  their  legs,  provided  with  a  powerful  hypostome, 
which  they  drive  through  the  skin.  Around  this  hypostome  the 
tissues  of  the  host  are  supposed  to  form  a  tube. 

Life-History. — Only  the  larva  appear  to  be  parasitic  ;  the  adults 
apparently  are  not.  The  Ufe-history  has  not  been  fully  traced  out, 
and  though  it  is  often  stated  that  L.  autumnalis  is  the  larva  of 
Trombidium  holosericeum,  this  is  by  no  means  certain. 

Pathogenesis. — ^They  cause  itching,  redness,  and  sweUing  of  the 
affected  part,  which,  if  scratched,  may  become  eczematous,  and 
even  at  times  suppurate. 

Treatment. — Sulphur  ointment  kills  them 
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Akamushi,  or  Kedani. — Under  this  term  comes  the  larval  mite 
which  causes  tsutsugamushi,  or  Japanese  river  fever.  It  is  orange- 
red  in  colour,  oi6  to  0-38  milli- 
metre in  length  by  o'lo  to  0*24 
millimetre  in  breadth.  The 
palpi  are  leg-like,  and  the  body 
has  many  long  hairs,  while  the 
legs  are  very  hirsute.  The 
life-history  appears  to  be  un- 
known. 

2.  Tetkanychid^. 

Trombidoidea   with   first  and 

second  pairs  of  legs  without  spines ; 

Fig.  202. — Akamushi.  skin  with  few  shields  ;    palpi  not 

(After  Tanaka,  from  Centralb.  fiir  much   thickened   on  base,   moving 

Bakteriologie  Par.  und  Inf.)  vertically;    eyes    usually    present. 

First  pair  of  legs  do  not  end  in 
long  hairs.  Coxae  more  or  less  in  two  groups.  Body  with  fewer  longer  hairs. 
No  dorsal  groove ;  often  spinning  threads ;  tarsi  never  swollen.  Mandibles 
styliform. 

Tetranychus  molestlssimus  Weyenbergh  1886. 

This  mite  is  found  in  the  Argentine  and  Uruguay.  It  is  small  and  of  red 
colour,  living  in  a  web  on  the  inferior  surface  of  the  leaves  of  Xanthum  macro- 
ca-ypum.  From  December  to  February  it  attacks  mammals  and  man,  thrust- 
ing its  hypostome  into  the  skin,  and  causing  severe  itching.  Another  species — 
T.  telarius  (var.  russeolus)  L.  1758 — may  attack  human  beings. 

3.    CHEYLETID.E. 

Trombidoidea  without  spinous  processes  on  the  legs  ;  skin  with  few,  if 
any,  shields  ;  palpi  much  thickened  at  the  base,  moving  laterally  ;  last  joint 
often  with  two  pectinate  bristles  without  eyes.  First  leg  ending  in  several 
long  hairs. 

These  are  very  small  mites,  distinguished  by  having  enormous  palpi. 
Cheyletus  mericouHi  Laboulb^ne  has  been  described  by  Theobald  in  the  ear  of  a 
human  being. 

SUPERFAMILY  B.  EUPOPOIDEA. 

Family  i.  Eupopid^e. 

Eupopoidea  with  palpi  not  geniculate,  and  unable  to  grasp  prey.  Beak 
small ;  last  joint  of  the  first  leg  shorter,  or  but  little  larger,  than  preceding 
joint. 

Tydeus  molestus  Moniez  1889. 

This  mite  was  imported  into  Belgium  in  Peruvian  guano,  and  caused  much 
trouble  to  man  and  beast. 

Family  2.  Tarsonemid^. 
With  marked  sexual  dimorphism  and  trachese.     No  ventral  suckers. 

Pedieuloides  ventPieosus  Newport  1850. 

Synonyms. — Heteropus  ventricosus  Newport  1850,  Acarus  iritici  Lagr^ze- 
Fossot  185 1,  Physogaster  lanarum  Lichtenstein  1868,  Spheerogyna  ventricosa 
LaboulbSne  and  M6gnin  1885. 
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This  mite  causes  severe  itching  and  urticarial  eruptions  on  the  breast, 
arms,  face,  neck  and  shoulders  of  persons  handling  corn  and  barley,  which 
contains  it  m  India,  Algeria,  and  Europe. 

Morphology,— Males  are  oval,  0-12  by  o-o8  millimetre,  with  six  pairs  of 
dorsal  hairs  and  a  lyre-shaped  lamella. 

Female  cylindrical,  0-2  by  0-07  milUmetre ;  becomes  much  distended  pos- 
teriorly when  gravid. 

Lile-History — They  Uve  on  the  stalks  of  cereals,  and  feed  on  animal  and 
vegetal  juices.     The  adult  hatches  directly  from  the  egg. 

^J*"*Senesis. — They  cause  diffuse  erythema,  urticaria,  and  itching. 
^    Other  Species. — Chrithoptes    monunguiculosus,   Tarsonemus    uncinatus,    T. 
intectus. 

SUBORDER  V.  ASTIGMATA. 

This  suborder  includes  the  superfamily  Sarcoptoidea. 

SARCOPTOIDEA. 

Astigmata  with  small,  three-pointed  palpi  adhering  for  some  distance  to 
the  hypostome,  with  usually  ventral  suckers. 

Among  the  families  of  the  Sarcoptoidea  there  are  two  which  concern  us — 
(i)  T5Toglyphidse,  (2)  Sarcoptidae. 

I.  Tyroglyphid^. 

Very  small  mites  without  eyes  ;  only  accidental  parasites  being  found  in 
flour,  sugar,  cheese,  etc. 

Tyroglyphus. — With  smooth  dorsum,  with  claws  and  suckers.  T.  farincB 
(De  Geer)  in  corn  may  get  into  the  skin.  They  are  the  cause  of  so-called 
vanillismus.  According  to  Theobald,  Linnaeus  reported  a  case  of  dysentery 
as  being  due  to  this  species  (Acarus  dysentericB). 

GlyciphagUS. — With  dorsum  covered  with  hairs. 

G.  prunorum  Hermann  and  G.  domesticus  de  Geer  are  the  cause  of  grocer's 
itch. 

Rhizoglyphus  parasiticus  Dalgetty  1901. — With  short  legs,  armed  with 
spines.     Tarsi  end  in  a  claw.     Live  on  plants. 

This  is  the  species  which  causes  trouble  in  the  feet  of  Indian  coolies.  Bell 
describes  a  large  circular,  superficial  sore  on  the  sole  of  the  foot,  caused  by 
many  of  these  parasites  invading  the  skin. 

Histiogaster  spermaticus  Trouessart  1900. — This  mite,  which  feeds  on 
vegetables,  appears  to  have  been  introduced  into  a.  patient  by  means  of  a 
catheter,  and  to  have  formed  a  cyst  in  the  testis  in  a  man  in  India. 

2.  Sarcoptid^. 

Sarcoptoidea  without  genital  suckers,  without  cUngiug  apparatus,  with 
transverse  vulva.     Lines  in  skin. 

Sarcoptes  Latreille. — Sarcoptidae  with  round  or  shghtly  oval  bodies  ; 
posterior  two  pairs  of  legs  concealed  beneath  the  body ;  tarsi  end  in  simple 
long  pedicles  with  ambulatory  suckers. 

Sarcoptes  scabiel,  var.  hominis. — Female  lives  in  furrows  in  the  epidermis, 
in  which  it  lays  its  eggs.  Posterior  legs  end  in  spines.  Males  occur  on  the 
surface  and  die  after  copulation.  Posterior  legs  end  in  suckers.  Six-legged 
larva  hatches  in  four  to  eight  days. 

Sarcoptes  minor  Fiirstenberg  1861. — Usually  a  parasite  of  cats  ;  has  been 
found  on  man. 

Nephrophages  sanguinarius  Miyake  and  Scriba  1893. — Is  a  very  doubtful 
parasite  of  man. 

Sarcoptidae  as  internal  parasites.  —  Sarcoptidae  have  been  described  by 
Newstead  and  Todd  as  internal  parasites  in  monkeys.  An  Acarid-like  parasite 
was  found  by  Castellani  in  the  omentum  of  a  negro  in  Uganda.  This  parasite 
somewhat  resembled  Cytoleichus  sarcoptoides  Heguin,  which  lives  in  the  air 
sacs,  and  at  times  the  liver  and  kidneys  of  fowls. 
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SUBORDER  VI.  VERMIFORMIA. 

Very  minute  Acaxina,  with  abdomen  elongated  and  annulated,  witliout 
tracheae,  and  with  epimeres  on  the  legs. 
This  suborder  contains  only  one  family. 

Family  Demodicid^. 

Vermiformia  with  eight  legs,  living  on  animals. 
This  family  includes  only  one  genus — Demodex. 

Demodex. 

With  the  family  characters. 

The  species  of  Demodex  lives  in  the  sebaceous  glands  and  hair-folUcles  of 
mammals  and  man.  The  mouth  consists  of  a  rostrum,  which  is  arranged  for 
sucking.  The  palpi  are  three-jointed,  and  pressed  to  the  under  surface  of  the 
rostrum.  The  legs  are  eight  in  number,  short,  and  consist  of  three  segments, 
with  small  terminal  ungues.  The  abdomen  is  tapering,  striated  dorsally  and 
ventrally,  and  rounded  at  the  tip.  The  anus  is  situated  at  the  anterior  end 
of  the  abdomen. 

Demodex  toUiculorum  Simon  1842. 

Synonyms. — Acarus  folUculorum  Simon  1842,  D.  foUiculorum  Owen  1843, 
Macrogaster  platypus  Miescher  1843,  Simonea  foUiculorum  P.  Gervais  1844, 
Stealozoon  foUiculorum  Wilson  1847. 

This  parasite  was  first  discovered  by  G.  Simon,  of  Berlin,  in  1842,  in  the 
contents  of  pustules  of  Acnea  sebacea. 

About  the  same  time  Henle  had  found  them  in  hair-follicles  in  the  external 
auditory  meatus,  and  Topping  a  variety  in  the  dog.  Two  other  species  are 
known  :  D.  phylloides  Cook  in  pigs  and  D.  bovis  StSes  in  cattle.  D.  foUicu- 
lorum hominis  is  cosmopolitan,  living  in  the  sebaceous  follicles  of  the  face. 

Male  measures  300  n  by  40  jn,  and  the  female  380  ii.  by  45  /i. 

Lite-History. — The  eggs  are  60  to  90  fi  in  length  by  20  to  50  11  in  breadth, 
and  heart-shaped  or  fusiform.  The  egg  hatches  out  a  six-legged  larva, 
which  develops  into  an  eight-legged  nymph,  from  which  the  adult  appears. 

Pathogenesis. — Usually  said  to  be  nil,  but  Borrel  considers  them  to  play  a 
part  in  the  spread  of  cancer  and  leprosy. 

ARACHNIDiE  INCERT^  SEDIS. 
LiNGUATULIDA. 

Parasitic  Arachnoidea  with  ringed,  elongated,  vermiform  bodies, 
possessing  two  pairs  of  hooks  in  the  neighbourhood  of  the  jawless 
mouth. 

The  Linguatulida  have  been  found  parasitic  in  man  both  in  the 
adult  and  larval  conditions,  but  the  adult  is  much  rarer  than  the 
larva.  They  have  been  found  in  Europe  and  Africa,  and  reported 
from  the  West  Indies,  but  this  was  in  a  negro  from  West  Africa. 
It  is  not  impossible  that  they  will  be  found  to  be  far  from  uncommon 
parasites  when  the  medical  history  of  the  West  Coast  of  Africa  is 
better  known.  When  dealing  with  cases  showing  obscure  abdominal 
or  pulmonary  symptoms  in  that  part  of  the  world,  the  medical  man 
should  remember  these  parasites. 

Morphology. — ^The  body  is  white  in  colour  and  vermiform  in 
appearance,  and,  indeed,  they  were  long  mistaken  for  worms. 

It  is  elongated,  flattened,  or  cylindrical,  and  marked  by  a  variable 
number  of  rings,  and  is  usually  divisible  into  two  regions — an 
anterior  broader  portion  called  the  cephalothorax,  and  a  posterior, 
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more  attenuated,  called  the  abdomen.  It  is  covered  with  a  chitinous 
cuticle  pierced  by  pores,  called  stigmata,  which  have  nothing  to 
do  with  respiration,  being  merely  the  orifices  of  epidermal  glands. 

The  mouth  is  situated  anteriorly,  and  is  either  terminal  or  sub- 
terminal,  with  a  chitinous  ring.  Two  pairs  of  chitinous  hooks, 
retractile  into  grooves,  are  situate  on  either  side  of  the  mouth,  and 
are  looked  upon  by  Stiles  as  antennae  and  palpi.  There  are  no  legs. 
The  anus  is  terminal  at  the  posterior  end  of  the  abdomen,  with  the 
female  aperture  situate  just  in  front.  The  male  generative  pore 
is  on  the  ventral  surface,  near  the  anterior  end  of  the  abdomen. 
The  sexes  are  distinct.  The  mouth  leads  into  a  simple  straight 
alimentary  canal,  which  ends  in  the  anus.  There  are  no  circula- 
tory or  respiratory  organs.  The  nervous  system  consists  of  a  ventral 
mass  and  a  circumoesophageal  commissure. 

Life-History. — ^The  female  produces  eggs,  which,  escaping  from 
the  definitive  host,  pass  into  the  intermediary  host,  and  there  hatch 
out  a  four-legged  larva,  not  unlike  an  embryo  A  carus.  This  embryo 
undergoes  complete  metamorphosis,  and  forms  a  nymph,  resembling 
the  adult,  which  does  not,  as  a  rule,  mature  until  it  reaches  its 
definitive  host  again. 

Genera. — Linguatula,  Porocephalus. 

Linguatula  Frohlich  1789. 

Linguatulida  with  depressed  body,  rounded  dorsum,  and  crenate 
margins.  Body  cavity  forming  diverticuU  into  the  lateral  parts 
of  the  rings. 

Species. — Linguatula  serrata. 

Linguatula  serrata  Frolich  1789. 

Synonyms. — Tcenia  rhinaria  Pilger  1802,  Polystoma  tcsnioides 
Rudolphi  1810,  Linguatula  tcenioides  Lambinet  1816,  Pentastoma 
tcenioides  Rudolphi  1819. 

Larval  Synonym. — Pentastoma  denticulatum. 

The  adult  lives  in  the  nasal  cavity  and  frontal  sinus  of  the  dog, 
wolf,  fox,  and  rarely  in  the  horse,  mule,  sheep,  goat,  and  inan  in 
Europe  ;  while  the  larva  exists  in  sheep,  oxen,  horses,  rarely  m  cats 
and  dogs.     Its  real  host  appears  to  be  the  dog,  especially  sheep-dogs. 

Habitat.— Europe,  especially  Central  France. 

Morphology.— The  male  is  white  in  colour,  18  to  20  millimetres 
in  length,  and  3  millimetres  broad.  The  female  is  greyish-white 
or  brownish,  owing  to  the  contained  ova. 

Life-History.— The  eggs,  which  are  ovoid,  90  by  70  /i,  are  laid  in 
the  nasal  cavities  of  the  dog,  and  expelled  by  sneezing.  If  they 
fall  on  grass,  they  may  enter  the  alimentary  canal  of  a  herbivorous 
animal,  in  whose  intestine  the  embryo  hatches.  This  embryo 
measures  130  by  60  /i,  and  possesses  two  pairs  of  legs  and  an  anterior 
perforating  apparatus  composed  of  a  stylet  and  two  hooks. 

It  now  bores  its  way  into  the  liver,  lungs,  or  some  other  organ, 
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and  in  about  eight  weeks  becomes  encysted,  losing  all  its  appendages 
and  measuring  275  by  180  /*.  » 

A  succession  of  ecdyses  results  in  the  formation  of  the  nymph  a, 
which  resembles  the  adult,  except  that  it  possesses  numerous 
chitinous  spicules  on  its  skin,  and  by  the  sixth  to  the  seventh  month 
is  about  6  to  8  millimetres  in  length. 

These  nymphae  now  wander  about  the  host,  and  are  supposed  to 
reach  the  bronchi,  and  thus  to  leave  the  herbivorous  host  and 
reach  the  dog  either  by  the  nose  or  mouth,  in  the  nasal  cavities  of 
which  they  moult  and  become  sexually  mature,  copulating  about 
the  sixth  to  seventh  week  after  infection. 

Both  the  larva  and  the  adult  may  be  found  in  man,  the  former 
in  the  lung,  rarely  in  the  liver,  spleen,  or  intestinal  wall.  The  latter 
has  but  rarely  been  met  with,  and  then  appears  to  be  due  to 
embryos  wandering  into  the  nose  and  developing  directly.  It  has 
only  been  so  far  found  in  Europe. 

Porocephalus  Humboldt  1811. 
Linguatulida  with  cylindrical  body  and  continuous  ccelom. 

Porocephalus  armillatus  Wyman  1848. 

Synonyms — Adult. — Linguatulida  armillatus  Wyman,  Penta- 
stomum  polyzonum  Harley.  Larva. — Pentastomum  diesingi  Beneden, 
P  euryzonum  Diesing,  P.  leonis  Weddell, 
P.  constrictum  von  Siebold,  P.  protelis  Hoyle, 
Linguatulida  constrictus  Bruner. 

Porocephalus  with  cylindrical  body, 
shghtly  flattened  on  its  anterior  face,  and 
surrounded  by  about  sixteen  to  twenty- 
two  distinct  rings,  separated  from  one 
another  by  a  wide  interval.  The  body 
tapers  from  the 
middle  backwards. 
The  larva  of  this 
parasite  was  dis- 
covered by  Pruner 
in  the  liver  of  two 
negroes  in  Cairo  in 
1847,  and  subse- 
quently by  Bilharz, 
„  Fenger,     Kearney, 

Fig.  203.— Porocephalus   TrawfnrH       Mar 
ARMILLATUS    Wyman  '-Jawtord      Mar- 
(Male):    Natural  choux,      Chalmers, 
Size.         ^  and  others ;  while 

(After  Sambon.)  the  adult  was  dis- 

covered by  Wyman 
in  1848  in  the  lungs  of  the  African  python, 
studied  both  adult  and  larva. 


Fig.  204. — Porocephalus 
armillatus  W.  (Fe- 
male) :     Natural 
Size. 
(After.  Sambon.) 

Sambon  has  recently 


The  adult  lives  in  African  pythons  and  snakes  [Python  sebcs, 
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P.  regius,  Bitis  nasicornis,  and  B.  arietans).  The  larval  forms 
usually  occur  in  Proteles  cristatus,  Cynocephalus  maimon,  and  other 
monkeys  ;  in  Erinaceus  mthiopicus,  the  African  hedgehog ;  and  in 
Felis  leo,  the  lion. 


Fig.  205. — Lateral  Aspect  of 

THE        CepHALO  -  THORAX       OF 
POROCBPHALUS        ARMILLATUS 

W.  (X   5). 

(After  Sambon.) 


Fig.  206. — Ventral  Aspect  of  the 
Cephalo-thorax  of  Porocepha- 

LUS    ARMILLATUS   W.    (x    5). 

(After  Sambon.) 


Morphology.— Female  9  to  12  centimetres  in  length  and  5  to  9 
milhmetres  m  breadth,  with  eighteen  to  twenty- two  rings,  each  i  to 
2  millimetres  in  width.  The  cephalothorax  extends  from  the 
anterior  end  of  the  body  to  the  first  body-ring,  which  is  often  very 


Fig.  207. — Posterior  End 
of      Porocephalus 

ARMILLATUS  WyMAN  (  X  5). 

(After  Sambon.) 


Fig.  208. — Nymph  of  Poroce- 
phalus ARMILLATUS  WyMAN 
ENCYSTED   IN   THE  LiVER. 

(After  Sambon.) 


indistinct.  Dorsally  this  region  is  convex,  while  ventrally  it  is 
concave,  and  carries  the  mouth,  in  front  of  which  there  are  two 
papillae,  and  on  either  side  of  which  there  are  two  hooks.  Genital 
opening  about  i  millimetre  in  front  of  the  anus,  which  is  terminal. 
Male  3  to  4"5  centimetres  in  length  and  3  to  4  millimetres  in  breadth, 
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with  sixteen  to  seventeen  rings.  Genital  opening  in  the  middle  of 
the  ventral  surface  at  the  anterior  end  of  the  abdomen. 

Life-History.— Probably  this  resembles  that  of  Linguatula  serrata, 
with  the  difference  of  hosts.  In  man  the  nymphae  are  found  not 
merely  encysted  in  the  lungs  and  liver,  but  moving  free  through  the 
peritoneal  cavity  and  in  the  small  intestine.  Sambon  considers  that 
the  eggs  pass  from  the  snake  into  water,  and  thence  into  animals 
and  man  while  drinking,  and  become  larvse  and  nymphae,  which 
latter  gain  access  to  the  snake  when  the  host  is  killed  and  eaten. 

Pathogenesis.— This  will  be  described  later  (Chapter  XXXIV.). 

Poroceplialus  moniliformis  Diesing  1836. 

Porocephalus  with  twenty-eight  to  thirty  rings. 

The  larvse  of  this  species  are  reported  by  Salm  as  being  found  in 
the  small  intestine  of  a  Djambi  native  in  Java.  The  adults  occur, 
in  snakes. 

CLASS  IV.  CRUSTACEA  Lamarck  181 5. 

Aquatic  Arthropoda  which  breathe  by  means  of  gills. 

Crustaceans  can  hardly  be  considered  as  human  parasites,  for  they  have 
very  rarely  occurred  as  such — e.g.,  Caligus  cuHus  in  the  cornea,  and  Gammarus 
pulex  in  the  stomach. 

It  must,  however,  be  remembered  that  the  Copepoda  are  of  importance, 
because  a  species  of  Cyclops  has  been  found  to  be  the  intermediary  hosts  of 
Filaria  medinensis,  the  guinea-worm.  An  excellent  paper  on  the  species 
found  on  the  Gold  Coast  is  contributed  by  Graham  to  vol.  i.  of  the  Annals  of 
Tropical  Medicine  and  Parasitology. 

CLASS  V.  CHILOPODA. 

Arthropoda  with  three  prosthomeres.  The  first  post-oral  somite  is  the 
mandibular ;  the  second  and  third  post-oral  somites  carry  the  maxillae, 
while  the  fourth  has  its  appendages  converted  into  very  large  powerful  jaws, 
which  are  provided  with  poison  glands.  The  remaining  somites  carry  single- 
clawed  walking-legs,  one  pair  to  each  somite.  Body  anomomeristic,  showing 
from  17  to  175  somites  behind  that  which  carries  the  poison  glands.  They 
breathe  by  tracheae,  and  the  genital  ducts  open  on  the  penultimate  somites. 

Family  i.  Scolopendridae. 
Family  2.  Lithobiidas. 
Family  3.  Scutigeridae. 

I.    SCOLOPENDRID^. 

Chilopoda  with  antennae,  possessing  few  joints,  and  with  few  ocelli. 

Geophilus  carpophagus  Leach,  G.  electricus  Linnaeus,  G.  cephalicus  Wood,  G. 
similis  Leach,  have  been  found  as  accidental  parasites  about  nineteen  times  in 
the  nasal  cavities  and  their  neighbouring  sinuses  in  man  in  Europe.  G.  elec- 
tricus Linnaeus  has  been  found  in  the  alimentary  canal  about  four  times. 

2.    L1THOBIID.E. 

Chilopoda  with  many-jointed  antennae  ;  numerous  ocelli. 
Lithobius  fortificatus  L.  and  L.  melanops  have  been,  found  in  the  nasal 
cavities  in  three  cases  in  man. 
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3.    SCUTIGERID^. 

Chilopoda  with  antennae  at  least  as  long  as  the  body,  and  faceted  eyes 
instead  of  ocelli. 

Scutigera  coleoptraia  has  been  found  in  the  alimentary  canal. 

Other  species  found  in  the  alimentary  canal  are  :  Cheetechelyne  vesuviana 
Newport,  Himantarium  gervaisi,  Stigmatogaster  subterraneus. 

Pathogenesis. — In  the  nose  these  parasites  cause  inflammation  with,  at 
times,  no  fiow  of  mucus,  and  at  others  a  large  discharge  of  it,  associated  with 
headache,  which  is  generally  more  or  less  continuous,  but  may  show  remis- 
sions. In  addition  to  these  local  symptoms,  general  symptoms  such  as  con- 
vulsions, anginiform  attacks,  dyspnoea,  etc.,  may  be  induced  through  irritation 
of  the  fifth  nerve.  There  is  no  evidence  that  these  parasites  cause  any  of  the 
symptoms  by  their  venom.  They  are  generally  expelled  in  attacks  of  sneezing 
or  spontaneously.  The  best  methods  of  making  them  leave  the  nostrils  are 
applications  of  snuff,  eau  de  Cologne,  or  turpentine  ;  but  in  some  instances 
it  will  be  necessary  to  open  a  sinus — -e.g.,  the  frontal  sinus — ^by  surgical 
means  in  order  to  remove  the  parasite. 

In  the  alimentary  canal  the  symptoms  will  give  rise  to  the  suspicion  of 
helminthiasis.  They  are  :  pain  in  the  abdomen,  cramps,  nausea,  vomiting, 
and  reflex  nervous  symptoms. 

Treatment  does  not  appear  very  satisfactory. 
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CHAPTER  XVIII 

BIOLOGICAL  CAUSES  OF  DISEASE  [coniinued) 
—THE  HEXAPODA 

Hexapoda— Siphunculata— Pediculidce— Rioinidce— Hemiptera— Cimicidse— 
Reduviidae — Lygaeidae — References. 

CLASS  HEXAPODA. 

Synonym— /Msecte.—Arthropoda  breathing  by  means  of  trachcEe, 
with  antennse  on  the  head,  three  pairs  of  legs,  and  usually  two  pairs 
of  wings  on  the  thorax,  which  is  composed  of  three  segments. 
Abdomen  with  generally  nine  apparent  segments. 

The  Hexapoda,  or  insects,  have  recently  become  known  to  be  of 
the  utmost  importance  in  the  spread  of  disease,  for  the  researches  of 
Manson,  Ross,  Grassi,  and  others  have  shown  that  they  can  spread 
the  parasites  of  filariasis,  malaria,  and  other  diseases. 

Morphology. — The  body  is  distinctly  divided  into  head,  thorax,  and  abdo- 
men. The  head  is  composed  of  the  fusion  of  about  six  segments,  which  are 
the  ocular,  antennal,  intercalary  (probably  homologous  with  the  second 
antennal  segment  of  the  Crustacea),  mandibular,  maxillary,  and  labial  ;  but 
whether  the  hypopharynx  represents  a  seventh  segment  or  not  is  doubtful. 
The  head  carries,  in  addition  to  the  eyes,  four  pairs  of  appendages,  one  for 
each  somite  or  segment,  except  the  intercalary  segment,  which  is  pre- 
mandibular.  These  appendages  are  the  antennae,  the  mandibles,  the  maxillas 
to  which  are  attached  palpi  called  the  maxillary  palps,  and  a  second  pair  of 
maxillae  usually  fused  to  form  the  lower  lip  or  labium,  which  generally  carries 
a  pair  of  labial  palps. 

The  exoskeleton  of  the  head  is  composed  of  sclerites — that  is  to  say,  more 
densely  chitinized  regions  of  the  integument — which  are  :  (i)  The  clypeus  ; 
(2)  the  epicranium  ;   {3)  the  gula. 

The  clypeus  is  the  sclerite  situate  on  the  anterior  portion  of  the  dorsal  sur- 
face, and  carrying  the  labrum  ;  in  flies  it  is  often  called  the  face. 

The  epicranium  is  the  larger  part  of  the  head,  and  may  be  subdivided 
into  an  anterior  frons  and  a  posterior  occiput.  The  gense  form  the  sides  of 
the  head,  meeting  the  epicranium  and  the  gula  at  the  occipital  foramen. 

The  gula  is  the  sclerite  in  the  median  ventral  line  which  carries  the  basal 
part  of  the  labium  called  the  submentum.  There  is  no  exoskeleton  at  the 
posterior  part  of  the  head  ventral  to  the  occipital  region,  which  thus  forms  a 
foramen  in  the  hard  tissues  cajled  the  occipital  foramen,  tlirough  which  the 
soft  structures  of  the  head  communicate  with  those  of  the  thorax. 

The  antennse  appear  to  be  sensory  organs,  and  the  mandibles  to  vary  in 
structure  according  as  to  whether  the  mouth  is  to  be  used  for  biting  or  sucking. 
In  the  former  case  they  are  broad  and  strong,  while  in  the  latter  they  are 
styliform.  The  first  pair  of  maxilla,  similarly,  may  be  broad,  strong  organs  or 
styliform  organs. 
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In  addition  to  these  appendages,  the  mouth  shows  an  upper  lip  or  labrum, 
which  is  simply  a  sclerite  attached  to  the  cephalic  shield,  and  may  have  a 
median  projection  from  its  internal  surface  called  the  epipharynx,  while  the 
labium  has  a  similar  one  called  the  hypopharynx.  Thus  the  mouth  parts  of 
an  insect  may  be  very  complicated,  with  labrum  and  epipharynx,  mandibles, 
maxillae,  and  maxillary  palps,  labium,  and  hypopharynx. 

The  thorax  is  joined  to  the  head  by  a  neck,  and  is  subdivided  into  three 
segments — prothorax,  mesothorax,  and  metathorax.  These  somites  are  by 
no  means  simple  horny  rings,  but  have  their  chitinous  exoskeleton  split  up 
into  hard  pieces  joined  together  by  soft  material.  The  hard  pieces  are  a  dorsal 
plate  called  '  the  notum,'  a  ventral  plate  called  '  the  sternum,'  and  lateral 
plates  called  'pleura.'  Further,  the  terms  'pro,'  '  meso,'  and  '  meta,'  are 
applied  to  these,  indicating  the  region  to  which  they  belong — '  pronotum, ' 
'mesonotum,'  and  '  metanotum ';  'pro-,'  'meso-,'  and  '  metasternum  ' — 
while  each  pleuron  is  divided  into  an  anterior  episternum  and  a  posterior 
epimerpn.  According  to  Audouin,  a  typical  thoracic  segment  should  have 
a  notum  composed  of  praescutum,  scutum,  scutellum,  and  post-scutellum, 
but  all  these  parts  are  seldom  seen. 

Each  somite  of  the  thorax  carries  a  pair  of  jointed  walking-legs,  in  which 
the  segments  or  articles  are  named  coxa,  trochanter,  femur,  tibia,  meta- 
tarsus, and  tarsus  (consisting  of  several  joints),  terminated  by  claws  or  ungues, 
between  which  other  appendages  called  empodia  and  pulvilU  are  to  be  found, 
as  will  be  explained  later. 

Typically,  the  mesothorax  and  the  metathorax  should  each  carry  a  pair  of 
wings,  which  are  transparent  and  strengthened  by  nervures,  ribs,  or  veins, 
which  are  chitinous  canals  containing  blood  spaces,  nerves,  and  tracheae. 
The  areas  betvir'&^a  the  nervures  are  called  cells.  The  wings,  however,  become 
much  modified  in},  the  different  orders,  and  may  be  entirely  absent.  The 
arrangement  of  the  nervures  in  the  wing  is  called  the  '  venation,'  and  has 
been  restudied  by  Comstock  and  Needham,  who  find  that  the  primitive  type 
is  composed  of  two  main  tracheal  branches,  an  anterior  and  a  posterior. 
The  anterior  breaks  up  at  the  base  of  the  wing  into  four  longitudinal 
branches  —  the  costa,  subcosta,  radius,  and  media  —  while  the  posterior 
has  also  four  branches',  of  which  the  first  is  called  the  cubitus,  and  may 
be  subdivided  into  two  ;  and  the  other  three  are  simple,  and  are  called  the 
anal  veins — first,  second,  and  third.  The  costal  vein  is  unbranched,  and 
runs  along  the  anterior  margin  of  the  wing.  The  subcostal  vein  typically 
divides  into  two  branches,  the  radial  vein  into  five  branches,  and  the  median 
into  four. 

This  primitive  type  is  altered  by  atrophy  or  coalescence,  leading  to 
the  reduction  of  the  veins.  The  latter  may  take  place  from  the  base 
towards  the  tip,  or  from  the  tip  towards  the  base  of  the  wing,  called 
outward  and  inward  coalescence  respectively.  The  wing  cells  may  be  named 
as  follows  : 

1 .  Costal  Cell,  between  the  Costa  and  the  Subcosta. 

2.  Mediastinal,  between  the  Subcosta  and  the  Radius. 

3.  Marginal,  between  Radius  i  and  Radius  2. 

4.  First  Submarginal,  between  Radius  2  and  Radius  3. 

5.  Second  Submarginal,  between  Radius  3  and  Radius  4. 

6.  Third  Submarginal,  between  Radius  4  and  Radius  5. 

7.  First  Posterior,  between  Radius  5  and  Media  i. 

8.  Second  Posterior,  between  Media  i  and  Media  2. 

9.  Third  Posterior,  between  Media  2  and  Media  3. 

10.  Fourth  Posterior,  between  Media  3  and  Media  4. 

11.  Fifth  Posterior,  between  Media  4  and  Media  5. 

12.  Sixth  Posterior,  between  Media  5  and  Cubitus  i. 

13.  Seventh  Posterior,  between  Cubitus  i  and  Cubitus  2. 

14.  First  Anal,  between  Cubitus  2  and  Anal  i. 

15.  Second  Anal,  between  Anal  i  and  Anal  2. 

16.  Axillary,  between  Anal  2  and  Anal  3. 

ly.  Spurious  cell,  behind  Anal  3.  I 
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But  all  these  cells  are  not  present  in  any  one  given  type  of  wing,  owing  to 
coalescence  of  the  nervures,  and  hence  the  arrangement  of  the  cells  is  different. 
Besides  this,  the  venation  is  comphcated  by  the  presence  of  transverse  veins 
as  will  be  explained  in  the  next  chapter. 

The  abdomen  usually  consists  of  ten  somites,  without  appendages,  com- 
posed of  dorsal  and  ventral  plates  connected  together  and  to  preceding  and 
succeeding  segments  by  soft  membranes.  The  posterior  segments  are  often 
modified  with  reference  to  reproduction,  possessing  claspers  in  the  male  and 
ovipositors  in  the  female.  The  anal  opening  is  on  the  last  abdominal  segment, 
and  the  reproductive  aperture  on  the  penultimate  segment. 

Internal  Anatomy. — The  mouth  Ues  between  the  labrum  above  and  the 
labium  below,  and  leads  into  an  oral  cavity. 

The  salivary  glands  in  most  of  the  genera  which  we  have  to  consider  are  well 
developed,  and  are,  as  a  rule,  not  connected  with  the  mouth,  but  open  into 
a  common  duct  which  communicates  with  a  groove  or  canal  on  the  hypo- 
pharynx,  and  so  opens  near  the  tip  of  the  proboscis. 

From  the  mouth  a  pharynx  leads  through  an  oesophagus,  with  a  dilatation 
called  the  crop,  into  a  proventriculus  or  masticatory  stomach,  which  latter 
communicates  with  the  mesenteron  or  chylific  ventricle,  whose  juncture  with 
the  intestine  is  defined  by  the  openings  of  the  caecal  Malpighian  tubules. 
This  is  an  important  landmark,  defining  where  the  stomach  ends  and  the 
intestine  begins.  The  intestine  is  subdivided  into  small  intestine,  colon  or 
large  intestine,  and  rectum.  The  last-mentioned  may  possess  rectal  glands, 
while  anal  glands  may  open  into  the  rectum  just  in  front  of  the  anus,  and 
are  useful  to  the  insect  by  forming  the  secretion  which  gives  rise  to  repulsive 
odours. 

With  regard  to  the  proventriculus,  it  should  really  be  a.  powerful  muscular 
organ  Uned  with  chitin,  and  possessing  teeth,  bristles,  etc!',  but  in  the  Diptera 
it  will  be  found  to  be  much  degenerated.  The  Malpighian  tubules,  which 
number  from  four  to  six,  are  excretory  in  function.  The  alimentary  canal 
possesses  longitudinal  and  transverse  muscular  coats  and  a  lining  of  epithelial 
cells. 

The  stigmata  or  openings  of  the  respiratory  system  are  situate  on  the 
membranes,  on  the  side  of  the  body,  in  the  thorax  and  abdomen,  and  are  very 
varied  in  number.  They  are  never  to  be  found  on  the  head  or  on  the  last 
abdominal  segment.  From  the  stigmata  the  tracheae,  or  air-tubes,  ramify  all 
over  the  body.  These  tracheae  are  kept  open  by  spiral  thickenings  of  the 
chitinous  lining  membrane. 

The  fat  bodies  are  lobulated  masses  packed  beneath  the  skin  and  between  the 
organs,  and  are  supposed  not  merely  to  represent  reserve  material,  but  to  be 
of  great  importance  in  metabolism. 

The  circulatory  system  consists  of  a  dorsal  longitudinal  vessel  divided  into 
chamijers,  which  pulsate,  and  an  anterior  aorta,  from  which  blood  flows  freely 
into  the  coelom  or  body  cavity.  From  this  it  returns  to  the  heart  by  two 
lateral  vessels  and  one  dorsal  and  one  ventral  vessel.  The  blood  is  colourless, 
and  contains  amoeboid  cells. 

As  already  mentioned,  some  insects  possess  poison  glands. 
The  nervous  system  and  sense  organs  will  not  be  described  here,  as  they  are 
not  of  importance  in  tropical  medicine. 

The  male  reproductive  organs  consist  of  testes,  vasa  deferentia,  ductus 
ejaculatorius,  and  an  external  copulatory  organ.  The  female  reproductive 
organs  are  two  ovaries,  which  consist  of  a  series  of  egg-tubes,  and  oviducts, 
which  are  united  together  to  form  the  single  oviduct,  the  lower  portion  ol 
which  is  a  vagina.  This  receives  the  cement  glands  and  the  sebaceous 
glands,  which  provide  the  secretion  for  glueing  the  eggs  together  anc 
the  receptaculum  seminis,  beneath  which  is  the  bursa  copulatrix,  which  li 
sometimes  separated  from  the  vagina. 

Life-History.— This  is  very  varied.  In  general  terms,  the  sperma 
tozoa,  bound  into  bundles  of  spermatophores,  are  introduced  b] 
the  external  copulatory  organ,  which,  when  protruded,  is  surroun<;i6c 
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by;the]claspers  in  the  form  of  a  sheath,  into  the  bursa  copulatrix. 
The  ovum,  starting  from  the  terminal  portion  of  the  ovarian  tube, 
obtains,  as  it  passes  downwards,  its  food-yolk  and  its  shell  or  mem- 
brane, the  chorion,  which  has  a  small  gap,  the  micropyle.  On  arrival 
at  the  junction  of  the  oviduct  and  the  spermatheca,  or  receptaculum 
seminis,  the  spermatozoa  enter  via  the  micropyle,  and  fertilize  the 
egg.  These  eggs  may  be  strung  together  as  they  are  laid,  into  masses 
by  means  of  the  sebaceous  secretion  mentioned  above.  The  egg  may 
develop  directly  into  the  adult,  but  this  is  only  in  the  lowest  forms. 
Usually  the  egg  develops  into  a  larva,  which  becomes  a  nymph  or 
pupa,  and  this  into  an  adult,  often  called  the  '  imago.'  This  series 
of  changes  is  called  a  metamorphosis.  The  pupa  may  present 
three  forms  : 

1 .  The  free  pupa,  with  appendages  free. 

2.  The  obtect  pupa,  with  appendages  and  body  bound  together. 

3.  The  coarctate  pupa,  in  which  the  pupa  is  contained  in  a  pupa- 
rium  formed  from  the  larval  skin. 

The  larva  is  a  most  vigorous  feeder,  but  the  pupa  does  not  take 
nourishment  as  a  rule,  though  there  are  marked  exceptions,  espe- 
cially among  the  Rhynchota  and  Siphunculata. 

Habits. — We  are  mainly  concerned  with  the  jsredatory  or  blood- 
sucking insects.  As  a  rule,  the  female  only  sucks  blood,  which, 
apparently,  it  does  with  a  view  of  obtaining  rich  nourishment  for 
its  eggs.  It  is  this  habit  which  makes  these  insects  of  importance 
in  tropical  medicine,  because  not  merely  does  it  cause  irritation 
by  the  introduction  of  secretions  from  the  insects'  salivary  glands 
and  mouth  (alimentary  canal),  but  also  leads  to  the  introduction 
into  the  victim  of  the  germs  of  disease.  Again,  as  we  shall  see  later, 
larvae  are  apt  to  become  parasitic  in  man  and  animals,  and  in  this 
way  cause  disease. 

Enemies. — Insects  and  their  larvae  have  many  enemies  in  birds, 
reptiles,  fish,  and  other  insects.  Cannibalism  is  also  met  with, 
especially  among  mosquito  larvae. 

Pathogenesis. — ^The  principal  disease-spreading  insects  are  the 
Diptera  ;  for  example,  the  Anophelince  disseminate  malaria,  the 
genus  Stegomyia  yellow  fever,  and  the  genus  Culex  filariasis,  and 
perhaps  dengue  fever.  The  GlossincB  are*responsible  for  human 
trypanosomiasis,  while  they  and  other  flies  spread  the  animal 
trypanosomiases. 

In  addition,  the  common  house-fly  is  an  important  factor  in  the 
dissemination  of  typhoid  and  perhaps  dysentery  in  tropical 
countries.  Fleas  are  now  known  to  be  the  spreaders  of  plague, 
and  bugs  perhaps  of  some  of  the  relapsing  fevers.  This  is  a  suffi- 
cient list  of  ills  to  commend  insects  and  their  habits  to  the  serious 
notice  of  the  medical  practitioner  of  the  tropics. 

The  Collection  of  Insects. — Mr.  Austen,  of  the  South  Kensington  Natural 
History  Museum,  has  drawn  our  attention  to  the  fact  that  though  medical 
men  throiighout  the  ttopics  make  collections  of  blood-sucking  flies,  they 
often  mount  them  so  badly  that  when  they  arrive  in  London  they  are  quite 
useless  for  purposes  of  identification. 
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He  has,  further,  asked  us  to  invite  the  reader's  attention  to  certain  remark 
of  his,  taken  from  the  second  report  of  the  Wellcome  Research  Laboratories 
which  are  as  follows  : 

1.  Specimens  of  blood-sucking  and  other  Diptera  intended  for  deter'mina 
tion  should  be  in  the  most  perfect  possible  condition. 

2.  Specimens  collected  by  natives  seldom  fulfil  this  condition. 

3.  Flies  should,  if  possible,  always  be  pinned,  and  should  be  drawn  u\ 
near  the  head  of  the  pin,  and  not  left  close  to  the  point. 

4.  If  pinning  is  impossible,  specimens  are  best  placed  in  three-corneret 
envelopes  of  soft  paper. 

5.  Flies  should  never  be  placed  in  contact  with  dry  cotton-wool. 

6.  A  plug  of  soft  paper  must  always  be  pressed  down  on  top  of  specimeni 
placed  in  spirit,  in  order  to  fix  them  in  the  tube. 

7.  Several  specimens  of  both  sexes  should  be  sent  if  identiiioation  is  desired 

8.  Specimens  should  always  be  legibly  labelled,  with  the  name  of  locality 
and  date  of  capture,  and  notes  of  interest  forwarded  at  the  same  time. 

Classification. — ^The  Hexapoda  are  classified  into  the  following 
orders,  in  accordance  with  Sharpe's  arrangement,  with  the  differenci 
that  the  lice  are  placed  in  a  separate  order  : 

1.  Aptera. 

2.  Neuroptera. 

3.  Orthoptera. 

4.  Thysanoptera. 

"  5.  Hemiptera.  '    ' 

6.  Siphunculata. 

7.  Diptera. 

8.  Lepidoptera. 

9.  Hymenoptera. 
10.  Coleoptera. 

But  the  only  orders  which  contain  species  important  as  spreaders 
of  disease  or  as  human  parasites  are  : 

I.  Siphunculata. 
2."  Hemiptera. 

3.  Diptera. 

4.  Coleoptera. 

ORDER  SIPHUNCULATA  Meinert  1891. 

Hexapoda  with  labrum  and  labium  joined  together  to  form  a  rostrum  01 
proboscis,  which  is  armed  with  recurved  hooklets,  and  contains  a  hoUovs 
extensile  sucker  formed  by  the  mandibles  and  maxillae.  Eyes  without  facets, 
Antennas  five-jointed.  Thorax  with  little  traces  of  segmentation.  Wings 
absent.  Legs  with  hook-Uke  terminal  joints,  suitable  for  clinging.  Last 
abdominal  segment  rounded  in  male,  notched  in  female.  Metamorphosis 
incomplete. 

The  relationship  of  the  Siphunculata  to  the  Hemiptera  was  based  upon 
the  anatomy  of  the  mouth,  and  is  so  doubtful  that  we  have  adopted  Meinert's 
separate  order. 

The  Siphunculata  include  the  families  (i)   Pediculidae,  and  (2)  Ricinidas. 

Family  i.  Pediculid^. 

Siphunculata  with  head  narrower  than  the  thorax. 

Lice  are  found  all  oVer  the  world,  on  man  as  well  as  on  animals.  They 
cause  much  irritation  by  their  bites,  which  may  become  infected,  causing 
impetigo.     Apart  from  this,  however,  they  have  recently  been  suspected  of 
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spreading  blood-parasites — e.g.,  Trypanosoma  lewisi  and  Hamogregarina  gerbiUt 
— which  are  believed  to  undergo  development  in  them. 

Morphology. — The  head  is  usually  clearly  defined,  but  the  thorax  may  or 
may  not  be  so  well  defined  from  the  abdomen.  Eyes  may  be  present  or 
absent — a  fact  which  appears  to  depend  upon  whether  the  host  is  nocturnal 
or  not  in  its  habits.  The  antennae  are  usually  five-jointed.  The  mouth  con- 
sists of  a  proboscis,  composed  of  labrum  and  labium,  which  is  armed  with 
recurved  hook,  and  contains  the  maxillae  and  mandibles,  which  take  the  form 
of  a  suctorial  tube.  The  thoracic  segments  are  fused  together.  The  thorax 
may  be  as  broad  as  the  abdomen,  or  narrower.  There  are  no  wings.  The 
legs  have  four  segments,  of  which  the  terminal  one  carries  a  strongly  curved 
claw.  The  abdomen  has,  if  statements  can  be  trusted,  a  various  number 
of  segments,  differing  in  the  difierent  genera. 

The  last  segment  in  the  female  has  a  slit-like  opening  guarded  by  two 
chitinous  plates,  while  in  the  male  there  is  in  the  same  situation  a  horny 
papilla  surrounded  by  spines. 

Internal  Anatomy. — Christophers  and  Newstead  have  recently  studied  the 
anatomy  of  Hcsmatopinus  stephensi  Christophers  and  Newstead  1906,  parasitic 
on  Gerbillus  indicus  (the  Indian  field-rat). 

The  alimentary  canal  consists  of  a  mouth  followed  by  a  chitinous  pharyngeal 
pump,  into  which  the  ducts  of  the  salivary  glands  open,  and  an  oesophagus 
which  leads  into  the  mid-gut.  This  second  part  of  the  canal  consists  of  two 
portions,  of  which  the  first  appears  to  be  a  crop  and  the  second  a  chylific 
ventricle.  There  are  four  Malpighiau  tubules.  The  intestine  shows  no  difier- 
entiation  into  small  and  large.  The  rectum  is  globular,  with  a  distended 
posterior  portion  containing  the  rectal  papillae.  The  fat-body  is  well  developed . 
The  female  generative  organs  consist  of  two  ovaries  with  oviducts.  Each 
ovary  consists  of  five  to  six  follicular  tubes.  The  two  oviducts  unite  into  a 
common  duct,  and  there  is  a.  spermatheca.  The  male  organs  are  testes, 
vasa  deferentia,  vesicula  seminalis,  and  penis. 

Lile-History. — The  ova,  which  are  attached  to  the  hairs  of  the  host,  give 
rise  to  larvae,  which  closely  resemble  the  adults. 

Classification. — ^The  Pediculidae  contain  the  lice  which  occur  on  man  and 
animals  alike,  and  cause  much  irritation.  There  are  six  genera  and  some  forty 
species,  but  only  the  following  need  be  described  here  : 

Genera. — Pediculus,  Phthirius,  Htsmatopinus,  which  are  distinguished  as 
follows  : 

1.  Thorax  narrower  than  abdomen:  (1)  With  distinct  neck — Pediculus; 
(2)  without  distinct  neck — Heematopinus. 

2.  Thorax  broader  than  abdomen — Phthirius. 

Pediculus. 

Pediculidae  with  five-jointed  antennae,  distinct  neck,  thorax  narrower  than 
abdomen,  and  legs  with  a  single  terminal  claw. 

Pediculus  humanus  Linnaeus  1758. 

Synonyms. — Pediculus  capitis  de  Geer  1778,  P.  cervicalis  Latreille  1803. 

This  is  the  head-louse,  which  is  cosmopolitan  in  distribution,  but  varies  in 
colour  on  the  difierent  races,  as  was  pointed  out  by  Murray,  being  very  dark 
on  African  negroes  and  Tamils,  and  said  to  be  yellow  on  Chinese  and  Japanese, 
and  orange  on  Hottentots. 

In  Europeans  it  is  light  grey  in  colour.  Daniels  says  that  the  pediculi  of 
Chinese  do  not  pass  readily  to  Tamils ;  though  in  our  experience  the  pediculi  of 
native  servants,  Sinhalese  and  Tamils,  will  pass  to  Europeans. 

These  pediculi  are  extremely  common  in  the  tropics,  and  it  is  an  every- 
day scene  to  witness  natives  busy  at  work  killing  them  on  their  friends'  heads. 

Morphology. — The  head-louse  is  about  2  millimetres  in  length  by  i  milli- 
metre in  breadth.  The  female  is  larger  than  the  male,  and  exists  in  greater 
numbers.  The  head  is  triangular,  the  thorax  broad  with  short  legs,  and  the 
margins  of  the  abdomen  are  dark. 
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Male. — The  posterior  somite  is  rounded  off  and  prominent,  with  a  circular 
opening  dorsally,  which  is  the  common  aperture  of  the  genital  and  alimentary 
canal.  The  penis  is  simple,  wedge-shaped,  and  is  usually  seen  protruding 
dorsally.  ■  j  r  o 

Female. — The  last  abdominal  segment  is  deeply  notched  at  the  apex,  where 
the  anus  is  situated.     The  vagina  opens  on  the  ventral  surface. 


Fig. 


209. — Pediculus  humanus 
L.  (Male),     x  25. 


Fig.  210. — Pediculus  humanus 
L.  (Female),     x  25. 


Lite- History. — The  female  lays  fifty  to  sixty  eggs,  which  are  attached  firmly 
to  the  hairs  by  the  secretion  of  the  cement  gland.  In  about  six  days  these 
eggs  hatch.  The  young  pediculi  become  fully  developed  in  fourteen  to 
twenty  days. 

Pathogenicity. — It  produces  a  form  of  impetigo  if  its  bites  are  infected. 

Treatment. — White  precipitate  ointment  or  common  paraffin  oil  may  be 
used. 

Pedicuius  corporis  de  Geer  1778. 

Synonyms. — Pediculus  vestimenti  Nitzsch  1818,  P.  tabescentium  Alt  1824. 

This  louse  lives  in  the  folds  and  seams  of  the  clothes. 

Morpliology. — It  is  larger  than  P.  humanus,  and  has  an  oval,  elongated  head, 
with  large  antennae.  The  thorax  is  more  segmented  than  in  P.  humanus, 
and  the  legs  more  developed,  with  larger  claws. 

Life-History. — It  lays  seventy  to  eighty  eggs,  measuring  07  to  eg  milli 
metre,  in  the  seams  of  the  clothing,  which  hatch  in  three  to  four  days,  and 
become  mature  in  fifteen  to  eighteen  days. 

PatllOgenlcity. — They  cause  much  irritation. 

Treatment. — Boil  or  steam  the  clothes  in  a  sterilizer  at  212°  F. 

Phthirius  pubis  Linnseus  1758. 

Synonyms. — Pediculus  pubis  Linnseus  1758,  P.  inguinalis  Reichard  1759, 
Phthirius  inguinalis  Leach  181 5,  P.  pubis  Kiichenmeister  1855. 

P.  pubis  is  the  pubic  or  crab-louse,  and  is  more  common  on  men  than 
on  women.  It  usually  infests  the  pubic  hairs,  but  may  also  be  found  on  the 
eyelashes  and  on  the  eyebrows. 

Morpliology. — The  body  in  general  is  flat  and  broad,  with  a  rounded  head 
bearing  antennae  with  five  segments,  and  two  small  eyes.     There  is  a  neck. 
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The  broad,  flat  thorax  is  merged  into  the  abdomen,  and  carries  three  pairs  of  • 
legs,  of  which  the  anterior  pair  is  slender,  and  possesses  a  straight  claw  suit- 
able for  walking,  and  the  two  posterior  pairs  have  claws  suitable  for  clinging. 

The  female  measures  i'5  to  2  millimetres  iri  length  by  i'5  millimetres  in 
breadth.     The  male  is  half  the  size  of  the  female. 

Life-History. — The  female  lays  ten  to  fifteen  eggs,  which  it  attaches  to  hairs. 
These  hatch  in  seven  days,  and  the  resulting  pediculi  become  mature  in  about 
two  weeks. 

Patliogenieity. — It  produces  often  a  dermatitis,  with  itching  and  a  grejdsh 
discoloration  of  the  skin,  said  by  Dugnet  to  be  caused  by  a  pigment  produced 
by  the  parasite.  Erasmus  Wilson  says  that  reddish  deposits  may  be  seen 
on  the  hairs,  due  to  the  faecal  matter  of  the  parasite. 

Treatment.^  White  precipitate  ointment  or  some  other  mercurial  prepara- 
tion. 

Hsematopinus. 

This  genus  is  not  very  distinct  from  Pediculus  ;  two  species  are,  however, 
known  on  man,  and  several  on  monkeys,  dogs,  horses,  and  many  domestic 
animals. 

'Family  2.  Ricinid^. 

Siphunculata  with  head  larger  than  the  thorax,  and  possessing  dark  horny 
bands  arranged  in  different  systems. 

The  Ricinidse  are  subdivded  into  : 

Subfamily  i.  Philopterin*. — Antennae  with  three  or  five  segments.  It 
includes  the  genus  of  Trichodectes,  parasitic  on  mammals. 

Subfamily  2.  Xiotheinje. — Antennae  with  four  segments. 

The  genera  include  Gyropus,  Trinoton,  ColpocephcUum,  and  Menopon. 

ORDER  HEMIPTERA. 

Hexapoda  with  four  wings,  the  front  pair  being  either  mem- 
branous or  half  horny  and  half  membranous,  but  both  pairs  may 
be  wanting  in  the  parasitic  species.  Mouth  suctorial.  Meta- 
morphosis incomplete. 

The  Hemiptera  include  the  cochineal  insect,  Coccus  cacti ,  the 
Aphidae,  plant-lice  ;  and,  in  particular,  the  cicadas,  whose  shrill 
notes  wake  the  quiet  of  an  African  forest.  The  anterior  wings  are 
called  hemelytra,  and  usually  consist  of  three  portions  : 

1.  The  clavus — the  hard,  coriaceous  portion  next  to  the  scu- 
tellum. 

2.  The  corium- — hard,  coriaceous  portion  occupying  the  whole  of 
the  area  between  the  clavus  and  the  membrane. 

3.  The  membrane — apical  portion. 
The  posterior  pair  are  the  true  wings. 

In  the  Cimicidae  the  corium  is  divided  into  three  portions  : 

1.  Internal — corium  proper. 

2.  External  and  basal — embolium. 

3.  External  and  apical — cuneus. 

The  order  is  divided  into  two  suborders  : 

Suborder  I.  Homoptera. — With  both  pairs  of  wings  mem- 
branaceous. 

Suborder  II.  Heteroptera. — With  the  front  pair  of  wings  half 
horny. 

The  first  will  not  be  considered  here. 
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HETEROPTERA. 

This  suborder  has  two  series  : 

Series  i.  Gymnocerata. — Antennae  conspicuous. 

Series  2.  Cryptocerata. — AntennEe  hidden. 

GYMNOCERATA. 

The  families  of  importance  to  us  are : 

Cimicidse. 
Reduviidae. 
Lygseidae. 
Hydrometridse. 

These  famihes  can  be  diagnosed,  according  to  Distant,  in  the 
following  manner  : 

A.  Species  not  aquatic  ;  abdomen  not  clothed  beneath  with  a 
silvery,  velvety  pubescence  ;  scutellum  not  reaching  to  the  base  of 
the  membrane  nor  to  the  middle  of  the  abdomen. 

(i)  Mesopleurae  and  metapleurse  composed  of  one  piece ;  heme- 
lytra  without  cuneus  ;  tarsi  three-jointed. 

(«)  Rostrum  not  bent  at  the  base ;   lying  in  repose  against 
under-surface  of  head ;    antennae  inserted  below  a  line 
drawn  from  the  centre  of  the  eye  to  the  apex  of  the  face ; 
ocelli  present — I.ygaeidae. 
(b)  Rostrum  short,  stout,  bent  at  the  base,  so  that  in  repose 
it  does  not  lie  against  under  surface  of  the  head ;  ocelli 
behind  eyes  ;  hemelytra  complete  with  .distinct  membrane 
— Reduviidae. 
(2)  Mcoopleurse    and    metapleurse    composed    of   seven   pieces ; 
hemelytra   with   a   cuneus   and   ani'embolium  ;    ocelli    absent — 
Cimicidae. 

B.  Abdomen  clothed  beneath  with  a  silvery  velvety  pubescence. 
Species  aquatic  or  semi-aquatic ;  antennse  four-jointed — Hydro- 
metridae. 

Family  Cimicid^. 

Ocelli  absent ;  elytra  very  short  and  broad,  so  that  the  abdomen 
is  left  uncovered  ;    tarsi  three-jointed. 

This  family  contains  the  bugs,  with  four  genera,  but  only  Cimex 
will  be  dealt  with  here. 

Genus. — Cimex  Linnaeus  1758. 

Synonyms. — Acanihia  Fabricius  1803,  Klinophilos  Kirk  1899. 

Cimicidae  with  short,  broad  head  with  two  prominent  eyes,  but 
no  ocelli ;  antennae  four-jointed,  apical  joints  slender ;  elytra  rudi- 
mentary and  lie  over  the  metathorax  ;  prothorax  semilunar,  with 
extended  anterior  angles  ;  abdomen  uncovered,  with  seven  segments 
and  an  eighth  anal  appendage  ;  legs  slender  ;  anterior  tibia  twice 
as  long,  and  posterior  three  times  as  long,  as  the  tarsi,  which  are 
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three-jointed ;  proboscis  flexed  into  a  groove  beneath  the  head 
and  prothorax. 

Type  Species. — Cimex  iectularius  Linnaeus.    The  species  known  at 
present  are  : 

1.  Cimex  Iectularius  Linnaeus  1758. 

2.  C.  rotundatus  Signoret  1852. 

3.  C.  ciliatus  Eversmann  1841. 

4.  C.  pipistrelli  Jenyns  1839. 

5.  C.  columbarius  Jenyns  1839. 

6.  C.  hirundinus  Jenyns  1839. 

7.  C.  inodorus. 

Only  the  first  three  need  concern  us. 


Cimex  Iectularius  Linnaeus  1758. 

Synonyms. — C.  Iectularius  Merrett  1667,  Acanthia  Iectularius 
Fabricius  1794. 

This  is  the  common  bed-bug  found  all  over  the  world,  as  far  as 
is  known,  but  Patton  has  recently  shown  that  other  species  have 
been  mistaken  for  this  insect.  It  was  well  known  to  the  ancient 
peoples  of  Asia  and  to  the  Romans,  who  called  it  Cimex,  but  it  is 
believed  to  have  only  reached  England  in  1503,  which  is  rather 


Fig.  211. — Cimex  lectularius  L.  (Female),     x  10. 

questionable.  Originally  it  was  known  as  the  wall-louse  or  chinch, 
and  the  term  '  bed-bug '  is  apparently  of  recent  origin.  Both  males 
and  females  suck  blood,  and  are  suspected  of  spreading  Obermeyer's 
relapsing  fever. 

Morphology. — It  is  reddish-brown  in  colour,  with  short,  broad 
head  carrying  two  eyes,  two  antennae  composed  of  four  seg- 
ments, of   which   the  first  and  second  are  stout,  and  the  third 
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and  fourth  slender.  The  mouth  consists  of  a  proboscis,  which  is 
composed  of  an  upper  part — the  labium — which  is  small,  and  a 
lower  curved  portion.  This  is  large  and  jointed — the  labium — 
inside  which  are  four  stylets,  the  two  outer  being  the  mandibles,  and 
the  two  inner  the  maxillae.  There  are  no  palpi.  The  prothorax  is 
semilunar,  with  two  rounded  horns.  The  dorsum  is  raised  in  the 
median  line.  The  mesothorax  is  triangular,  with  the  apex  posteriorly. 
The  metathorax  is  covered  dorsally  by  the  elytra,  which  are  two  small 
chitinous  plates  belonging  to  the  mesothorax,  but  consist  of  clavus, 
corium,  empodium,  cuneus,  and  membrane.  The  abdomen,  which 
is  rounded  in  shape,  with  seven  segments  and  an  eighth  anal  appen- 
dage, is  broadest  opposite  the  third  segment.  Posteriorly  it  is 
covered  with  round  hairs.  Length,  5  to  6  millimetres.  Male 
smaller  than  female,  with  penis  flexed  into  a  notch  between  seventh 
and  eighth  segments. 

Internal  Anatomy. — ^The  mouth  leads  into  the  pharynx,  beneath 
which  is  a  syringe  organ  or  salivary  pump,  into  which  the  salivary 
glands  open.  The  pharynx  leads  via  the  cesophagus  into  a  large 
crop.     There  is  the  usual  mid-gut,  intestine,  and  rectum. 

Life-History. — They  live  in  cracks  in  floors,  walls,  and  furniture 
during  the  day,  and  issue  forth  at  night  to  suck  blood  from  human 
beings.  They  are  capable  of  emigration  from  house  to  house. 
The  female  lays  some  fifty  eggs  three  or  four  times  a  year.  Com- 
plete development  is  said  to  require  eleven  weeks,  but  may  be 
completed  in  as  short  a  time  as  seven  weeks. 

The  eggs,  which  are  oval,  i-i2  milhmetres  in  length,  and  white  m 
colour,  take  about  seven  to  ten  days  to  hatch.  The  larva  grows 
slowly,  moulting  about  five  times,  at  intervals  of  about  eight  days, 
after  which  the  wing-pad  appears,  showing  that  the  adult  stage 
is  reached.     They  feed  upon  blood  only. 

Pathogenesis.— It  is  quite  possible  that  they  spread  Sfiroch(Ma 
recurrentis,  the  cause  of  Obermeyer's  relapsing  fever.  The  effects 
of  their  venom  have  already  been  described. 

Bite  —In  biting,  they  extend  the  proboscis,  and  feel  about,  testing 
the  skin  with  the  delicate  hairs,  then  pierce  it  by  the  stylets,  and 
iniect  saUva  by  the  syringe,  causing  congestion  of  the  area,  when  the 
blood  runs  up  the  grooves  in  the  stylets  by  capillary  attraction  into 

^Smell^The  pecuUar  odour  is  due  to  the  secretion  of  sac-like 
glands  situated  at  the  base  of  the  abdomen,  and  opening  on  each 
side  of  the  metasternum.  The  secretion  is  a  clear,  oily,  volatile 
liquid,  which  is  supposed  to  be  protective  m  function. 

Cimex  rotundatus  Signoret  1852. 
S\nonym.~Cimex  macrocefhalus  Fieber  1861.     This  is  the  Indian 
bedbug,  which  is  found  in    India,  Ceylon.  Burma    Assam,  and 
Malaya  in  Asia,  and  also  in  Sierra  Leone,'- Mauritms,  Reunion, 
St.  Vincent,  and  Porto  Rico. 
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Morphology.— C.  rotundatus  differs  from  C.  lectularius  by  being 
darker  in  colour,  with  a  shorter,  narrower  head,  with  a  prothorax 
with  rounded  borders,  and  with  a  longer,  narrower  abdomen. 


Fig.  212. — CiMEX  rotundatus 
SiG.  (Male),     x  io. 


Fig.  213. — CiMEX  rotundatus 
SiG.  (Female),     x  10. 


Pathogenesis. — ^According    to    Patton    it    spreads    Leishmania 
donovani,  the  parasite  of  kala-azar  or  tropical  splenomegaly. 


Cimex  ciliatus  Eversmann  1841. 

This  bug  is  found  in  Kasan,  in  Russia.  It  requires  reinvestiga- 
tion. 

Morphology. — It  is  smaller  than  C.  lectularius,  yeUowish-red  in 
colour,  and  thickly  covered  with  hairs.     Length,  3-3  millimetres. 

Pathogenesis. — Not  known. 

Prophylaxis. — Bugs  are  by  no  means  without  their  enemies,  of 
which  the  most  marked  is  the  common  red  house-ant  (Monomorium 
pharaonis),  while  another  enemy  is  the  common  cockroach ;  but, 
despite  these  foes,  bugs  are  extremely  common  in  tropical  hospitals. 
The  first  step  in  prophylaxis,  of  course,  is  strict  cleanliness,  and  the 
use  of  painted  iron  bedsteads  which  can  be  easily  taken  to  pieces 
and  washed.  Another  good  means  is  to  make  use  of  mattresses 
and  pillows  covered  with  Willesden  canvas,  which  can  easily  be 
washed.  The  mattress  should  be  in  sections,  and  not  all  in  one 
piece,  as  otherwise  it  is  difficult  to  manipulate.  The  most  useful 
substances  for  killing  bugs  are  acetic  acid,  camphor,  and  carbolic 
acid.     Acetic  acid  poured  into  the  joints  of  a  bedstead  is  said  to  kill 
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the  bugs  rapidly.  Kerosene  is  often  used,  but  does  not  appear  to 
be  very  effective.  Apart  from  bedsteads,  the  whole  room  may  be 
infected,  in  which  case  fumigation  with  sulphur  is  quite  the  best 
remedy,  4  ounces  being  burnt  for  each  1,000  cubic  feet  of  space, 
and  the  room  left  closed  for  four  or  five  hours,  in  order  that  the  gas 
may  act  thoroughly. 

REDUVIIDyE. 

Gymnocera  with  long,  narrow  heads  and  distinct  neck.  Eyes  large  and 
prominent  ;  proboscis  short,  thick,  and  curved  ;  antennae  long,  slender  at  the 
tip  ;  legs  long  ;  elytra  with  three  divisions  when  present  ;  tarsus  three-jointed. 

The  genera  which  will  be  noted  here  are  :  Reduvius,  Conorhinus,  Coriscus, 
Rasahus,  Melanolestes. 

In  addition,  it  may  be  mentioned  that  Wellman  found  Phonergates  bi- 
coloripes  Stal,  which  is  locally  known  as  '  ochindundu,"  in  the  act  of  sucking 
the  juices  of  Ornithodoros  moubata.  It  is  well  known  that  the  Reduviidae 
attack  other  insects  and  ticks.  He  also  mentions  that  the  same  insect  pro- 
duces a  more  painful  effect  upon  man  than  the  bite  of  the  tick  0.  moubata. 

Reduvius. 

Body  moderately  elongate,  head  oblong,  ante-ocular  portion  of  head  larger 
than  post-ocular  portion  ;  eyes  large,  completely  extending  across  the  lateral 
parts  of  the  head  ;  rostrum  with  second  joint  much  larger  than  first ;  pro- 
notum  transversely  constricted  before  the  middle  anterior  lobe  with  a  strong 
central  sulcus  or  fissure,  which  is  broadly  extended  to  the  disc  of  the  posterior 
lobe.  Anterior  much  shorter  than  posterior  lobe.  Scutellum  with  apical 
spines  ;  legs  moderately  long  and  slender  ;  anterior  femora  normal  ;  anterior 
tibiae  furrowed. 

Reduvius  personatus  Linnaeus. 

This  is  the  wheel  or  masked  bug  found  in  Europe  and  the  United  States 
and  celebrated  for  the  severity  of  its  bite  ;  for  it  causes  pain,  swelling,  and 
irritation  in  the  affected  area  which  may  last  as  long  as  a  week. 

ConoFhinus. 

Head  long,  porrect,  more  or  less  distinctly  impressed  behind  eyes  ;  rostrum 
with  first  joint  very  much  shorter  than  second  ;  antennae  inserted  on  the  sides 
of  the  head  about  midway  between  eyes  and  apex  ;  ocelli  placed  very  far  apart  ; 
prosternum  broadly  sulcated  ;  abdomen  frequently  with  the  disc  flattened  ; 
posterior  tibiae  longer  than  the  femora. 

The  species  of  Conorhinus  are  mostly  found  in  South  America,  and  live  on  the 
blood  of  mammals  and  of  insects,  including  bed-bugs.  Some  of  the  more 
important  are  :  C.  sanguisuga,  C.  rubrofasciatus  de  Geer,  C.  renggeri  Herrich- 
Schaffer,  C.  nigrovarius,  C.  protractus. 

Conorhinus  sanguisuga  Lee. 

This  is  the  blood-sucking  cone-nose  of  America,  which  feeds  upon  the  blood 
of  insects,  including  bed-bugs,  and  mammals,  including  man.  The  bite  is 
very  severe,  and  causes  much  swelling  and  irritation.  It  is  a,  night-flier, 
and  has  an  odour  Uke  that  produced  by  bugs. 

Morphology. — It  is  a  large  dark  brown  insect,  with  pink  markings  and  a 
flattened  body  and  very  narrow  pointed  head,  with  a  strong,  thick,  long 
proboscis.     The  thorax  is  provided  with  wings. 

tlfe-History. — The  eggs  when  first  laid  are  white,  but  later  change  to  yellow, 
and  finally  to  pink.  The  larva  hatches  in  about  twenty  days,  and  is  very 
active.  It  moults  twice  and  becomes  the  pupa,  which  also  moults  twice,  the 
last  stage  showing  wing  pads.     The  pupa  is  also  active. 

HaWtS. — In  addition  to  feeding  upon  blood,  these  insects  may  suck  the 
juices  of  decomposing  flesh. 
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Pathogenesis.— Its  bite  at  times  is  followed  by  severe  general  symptoms, 
such  as  swelling  in  different  parts  of  the  body,  nausea,  etc.,  as  well  as  local 
pain. 

Remedy. — Sweet  oil  is  advised  as  a  remedy  for  the  local  pain. 

Conorhinus  rubrofasciatus  de  Geer. 
This  is  the  Malay  bug,  found  in  Africa,  Sierra  Leone  and  Madagascar,  in 
Asia,  Ceylon,  India,  Malaya,  China,  and  the  Philippine  Islands.     It  is  said  to 
produce  a  very  severe  bite. 

Conorhinus  Tenggeri  Herrich-Schaffer. 
This  is  the  black  bug  of  the  Pampas. 

Conorhinus  nigrovarius. 

This  is  the  '  bichugue '  of  South  America,  and  bites  severely. 

Conorhinus  protractus. 

This  is  the  big  bed-bug  of  Utah. 

Conorhinus  Sp.  (?) 

Recently  Chagas  has  demonstrated  that  a  Conorhinus  of  undetermined 
species  is  a  carrier  of  Trypanosoma  cruzi.  This  Conorhinus  attacks  men  and 
animals,  and,  owing  to  its  habit  of  biting  the  face,  is  called  '  Barbeiro'  by  the 
indigenous  population.    Probably  this  is  the  same  species  as  C.  sanguisuga  Lee. 

Coriseus. 

Coriscus  subcoleoptratus  Kirby  1837  has  once  been  recorded  as  a  human 
blood-sucker  in  the  United  States. 

Rasahus. 

Rasahus  biguttatus  Say  183 1  is  found  in  the  houses  in  Cuba,  Panama,  and 
Para,  where  it  really  seeks  the  bed-bug,  but  bites  man  also. 

Melanolestes. 

Melanolestes  morio  Erichson  1848.  Found  in  Guiana  and  Mexico  and 
U.S.A.  under  stones  during  the  day.    Bites  man. 

LygSBidse. 

Hemiptera  with  the  scutellum  not  reaching  to  the  middle  of  the  body  ; 
proboscis  sheath,  four-jointed  ;  ocelli  present ;  antennae  elongate,  inserted 
well  down  on  the  sides  of  the  head.  They  are  mostly  vegetal  feeders,  but 
Lyctocoris  campestris  Fabricius,  in  Europe  ;  Rhodinus  prolixus  Stal  1857,  in 
Colombia,  Cayenne,  and  Venezuela  ;  Eulyes  amcena,  in  Borneo  and  Java  ;  and 
A  rilus  carinatis  Forster,  Brazil,  are  known  to  bite  man, 

Hydrometridae. 

The  Hydrometridae,  or  water-bugs,  are  interesting  to  the  student  of  tropical 
medicine,  because  Patton  has  traced  out  the  development  of  a  Crithidia 
resembling  Leishmania  donovani  in  one  of  them,  as  has  been  described  in  the 
chapter  on  Protozoa. 
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CHAPTER  XIX 

BIOLOGICAL  CAUSES  OF  DISEASE  [continued) 
—THE  DIPTERA 

CULICIDiE  AND  THEIR  ALLIES 

Diptera  :   Morphology,  Classification — Culicidse — Corethridae — Chirono- 
midae — Psychodidae — Simulidse — References. 

DIPTERA. 

Hex  APOD  A  with  two  well-developed  transparent  wings  and  two 
rudimentary  wings  in  the  form  of  halteres.  Mouth  parts  well 
developed,  capable  of  biting  or  sucking.  Mesonotum  forms  by 
far  the  larger  portion  of  the  thorax.     Metamorphosis  is  complete. 

The  Diptera  are  by  far  the  most  important  order  of  the  Hexapoda 
as  regards  tropical  medicine,  for  they  include  the  blood-sucking 
flies,  which  are  capable  of  carrying  disease  ;  also  certain  flies  which 
cause  disease  by  depositing  their  eggs  in  cavities  or  on  the  surface 
of  the  body,  with  the  result  that  the  larvae  enter  the  nose,  and 
cause  disease  by  gnawing  away  mucous  membrane,  cartilage,  and 
even  bone,  or  the  alimentary  canal,  in  which  they  may  cause 
serious  symptoms.  Apart  from  these,  it  must  be  remembered  that 
flies,  particularly  the  common  house-fly,  may  mechanically,  either 
externally  or  by  its  alimentary  canal,  carry  and  deposit  germs  on 
food,  by  which  means  human  beings  become  infected  with  disease. 

Morphology. — The  most  important  points  in  the  morphology  of  the  Diptera 
in  general  may  be  briefly  mentioned. 

Head. — The  head  in  certain  fanMlies  shows  an  anterior  depressed  area, 
the  lunula,  bounded  by  an  arched  suture,  which  passes  over  the  base  of  the 
antennae.  This  is  the  inverted  '  ptilinum,'  or  vesicle,  by  which  the  imago 
breaks  its  way  out  of  the  pupa.  With  regard  to  the  antenna,  it  is  of  great  im- 
portance whether  it  is  many-  or  few-jointed.  In  the  latter  case  it  often 
carries  an  arista  on  the  third  joint,  which  may  be  looked  upon  as  represent- 
ng  the  remainder  of  the  larger  antennae  of  other  species. 

The  mouth  parts,  though  composed  of  the  typical  labrum,  epipharynx, 
naxillae,  mandibles,  hypopharynx,  and  labium,  will  be  found  to  be  very 
lifferent  in  the  various  species  of  biting  flies.  More  especially  are  the  labial 
palps  altered  in  Glossina  and  Stomoxys,  becoming  armed  with  teeth  and 
;apable  of  making  the  hole  in  the  skin  which  is  necessary  for  the  sucking  of 
:he  blood. 
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Thorax. — In  many  cases  the  thorax  is  largely  composed  of  mesothorax, 
the  pro-  and  metathoraces  being  much  reduced.  The  wings  are  of  impor- 
tance, first,  because  in  the  Muscidae  some  genera  possess  a  prolongation  back- 
wards, called  the  squama,  which  conceals  the  altere.  The  venation  of  the 
wmg  has  a  peculiar  nomenclature,  which  will  be  more  fully  explained  under 
the  heading  CuUcidae,  but  which  may  here  be  compared  with  the  typical 
arrangement  of  Comstock  and  Needham,  from  which  it  differs  mainly  by  the 
form  of  coalescence  called  '  inward,'  which  means  that  two  veins  have  coalesced 
from  the  tip  towards  the  base  of  the  wing. 

Typical  Names.  Dipteral  Names. 

Costa Costa. 

Subcosta  . .  . .  . .     Subcosta. 

Radius  I  First  Longitudinal. 

Radius  3 }  Coalesced  . .  . .     Second  Longitudinal. 

R^(ji"g  5 1  Coalesced   ..  ...    Third  Longitudinal. 

Media  i   \ 

Media  2    I  Coalesced  more  or  1  _       .,   -,        .,    ..     , 

Media  3    I       less  /  Fourth  Longitudmal. 

Media  4  j 

Cubitus  2}         Fifth  Longitudinal. 

Anal  2      f         ■  ■  •  ■  •  ■     Sixth  Longitudinal. 

Anal  3     . .  . .  . .  . .     Seventh  Longitudinal. 

There  can,  however,  be  no  doubt  that  Comstock  and  Needham's  classifica- 
tion is  by  far  the  best.  In  addition  to  the  longitudinal  veins  there  are, 
however,  several  transverse  veins,  viz.  : 

I.  The  humeral  from  the  costa  to  subcosta. 

^.  The  radio-medial  or  anterior  from  the  radius  to  the  media. 

3.  The  distal  medio-cubital  or  posterior  from  the  media  to  the  cubitus. 

4.  The  proximal  medio-cubital  or  anterior  basal. 

5.  The  cubito-anal  or  posterior  basal. 

The  wing  shows  a  costal  cell,  generally  subdivided  by  the  humeral  vein,  a 
subcostal,  a  marginal,  a  variable  number  of  submarginal,  a  posterior  and  an  anal 
cell.  The  second  anal  vein  is  often  wanting,  and  represented  by  merely  an 
incrassation.  In  addition  there  are  generally  an  anterior  or  radial,  a  posterior 
medial,  and  an  anal  or  cubital  basal  cell.  The  first  submarginal  and  the 
second  posterior  cells  are  often  called  the  fork  cells.  In  the  first  posterior 
cell  it  is  important  to  note  whether  it  is  closed,  and  does  not  reach  the  margin 
of  the  wing  owing  to  the  junction  of  the  media  with  the  radius,  or  open,  or 
partially  open,  and  does  reach  the  margin  of  the  wing.  A  discoidal  cell  in 
the.  middle  of  the  wing  is  present  in  some  genera.  It  is  bounded  either  by 
the  media  or  by  that  vein  and  the  cubitus. 

The  legs  possess  the  usual  number  of  segments.  The  fifth  tarsal  segment 
carries  usually  two  claws  and  often  two  pulvilli  or  pads,  while  between  them 
Ues  the  empodium  in  the  form  of  a  bristle  or  third  pad,  which  may  be  looked 
upon  as  a  sixth  tarsal  or  claw  segment. 

Abdomen. — This  has  usually  nine  segments,  which  may  be  reduced  by  the 
fusion  of  segments,  especially  in  connection  with  the  male  and  female  genera- 
tive organs.  The  genitalia,  especially  the  male,  are  of  importance  in  classifica- 
tion, and  will  be  mentioned  in  detail  under  the  heading  Culicidje. 

The  body  is  adorned  by  scales  and  hairs.  The  former  have  been  made  use 
of  by  Theobald  to  classify  the  Culicidae,  while  the  latter  may  be  strongly 
developed  in  places,  and  have  been  used  in  flies  as  a  help  in  classification, 
and  are  of  the  utmost  importance  in  fleas. 

Flies  are  usually  modest  in  colour,  being  often  yellowish,  brownish,  or 
blackish,  but  some  of  the  Cuhcida — e.g..  Megarhince — are  brilUantly  coloured. 
The  colours  depend  partly  upon  pigments  and  partly  upon  interference  with 
or  reflection  of  light. 
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Lite-History. — The  female  generally  lays  eggs ;  more  rarely  a 
larva  is  produced  directly,  as  in  Glossina.  The  eggs  are  laid  in 
some  material  which  will  be  useful  to  the  larvae — e.g.,  the  eggs  of 
Culicidce  in  water  and  the  eggs  of  Muscidae  often  in  decomposing 
matter.  The  larva  is  generally  a  very  active,  vigorously-feeding 
little  grub,  which  may  or  may  not  have  a  distinct  head.  The  pupa 
may  either  remain  in  the  old  larval  skin  which  forms  the  puparium, 
such  a  pupa,  often  seen  in  the  Muscidae,  belongs  to  the  coarctate  type, 
or  it  may  not  be  so  enclosed,  but  the  body  and  appendages  being 
closely  united,  it  forms  the  obtectate  type.  Ihe  imago  may 
escape  from  its  pupal  skin  by  a  T-shaped  slit  (Orthorrhapha),  or 
it  may  escape  by  a  circular  opening  (Cyclorrhapha) . 

Classification. — ^The  Diptera  may  be  classified  as  follows,  according 
to  the  characters  of  the  pupa,  larva,  and  antennee  : 

SUBORDER  I.     ORTHORRHAPHA. 

Diptera  without  lunula  or  ptilinum.  Larva  with  a  distinct  head. 
Pupa  obtectate.     Imago  escapes  by  T-shaped  opening. 

Section  i.  Nematocera. — Orthorrhapha  with  antennae  com- 
posed of  more  than  six  joints,  with  the  joints,  except  the  first  two, 
similar  ;  without  arista.     Palpi  four-  or  five-jointed. 

Families. — Culicidae,  Corethridae,  Cliironomidce,  Psycho- 
didae,  Simulidas,  Blepharoceridae,  etc. 
Section  2.  Brachycera. — Orthorrhapha  with  antennae  in  which 
the  joints  differ  from  one  another,  with  or  without  arista,  which, 
when  present,  is  usually  terminal. 

Tribe  i-  Brachycera  Homceodactyla.  —  Orthorrhapha 
brachycera  with  three  well-developed  footpads.  Larva 
with  a  projecting  posterior  stigma. 
Families. — ^Tabanidae,  Leptidae. 
Tribe  2.  Brachycera  Heterodactyla.  —  Orthorrhapha 
brachycera  with  two  or  three  footpads.  In  the  last  case 
the  middle  is  different  from  the  two  side-pads.  Some 
species  without  footpads.  Posterior  stigma  of  the  larva 
in  front  of  the  body-end. 

Families. — Asilidee,  Empidje. 

SUBORDER  II.     CYCLORRHAPHA. 

Diptera  with  a  lunula  and  usually  a  ptilinum.  Antenna  with 
always  three  joints  and  an  arista.  Palpi  one-jointed.  Mandibles 
absent.  Maxillae  rudimentary.  Discoidal  cell  bounded  by  the 
media  and  cubitus.  Abdomen  with  seven  segments  at  the  most, 
often  with  less. 

Section    i.     Aschiza. — Cyclorrhapha  with    a    clearly    defined 
lunula,  but  a  rudimentary  ptilinum.     Arista  poorly  developed. 
Families. — Not  of  interest  in  tropical  medicine. 

Section  2.    Schizophora.— Cyclorrhapha  with  lunula ;  at  times 
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absent,  but  the  arched  suture  over  the  antenna;  is  well  defined. 
FtUinum  usually  well  developed.     Antennae  he  in  separated  hollows. 
Arista  well  developed. 
Tribes.— Muscidffi  acalyptrata  and  Muscids  calyptratae. 

SUBORDER  III.     PUPIPARA. 

-rP^f^^^^T^^^  rudimentary  or  no  wings  ;  parasitic  on  vertebrates. 
.1  he  fully  developed  larvae  are  passed  directly  from  the  body  of  the 
imago  without  a  free-living  egg  stage. 

SUBORDER  IV.     SIPHONAPTERA. 

Diptera  with  a  laterally  compressed  body  and  distinctly  separated 
thoracic  rings,  but  without  wings. 

SUBORDER  ORTHORRHAPHA. 

SECTION  NEMATOCERA. 

Family  Culicid^. 

Orthorrhapha  nematocera  with  a  long  piercing  proboscis,  and  a 
body  more  or  less  clothed  with  scales  and  hairs.  Antennse  with 
whorls  of  hairs  or  plumes,  which  may  be  dense  and  long  in  the  male, 
though  scanty  in  the  female.  Wings  with  six  to  seven  longitudinal 
veins,  with  scales  and  two  distinct  fork  cells.  The  costa  passes 
all  rounji  the  wing,  and  carries  scales,  which  form  a  fringe.  Meta- 
morphosis complete. 

The  Culicidae  include  the  flies  which  we  call  mosquitoes,  a  word 
which  is  derived  from  the  Spanish,  meaning  a  little  fly,  and  are  the 
same  as  gallinippers  in  America.  The  genus  Culex  was  formed  by 
Linnaeus  in  1790  for  the  gnat  Culex  pipiens ;  the  genus  Anopheles 
from  a  Greek  word  meaning  harmful,  by  Meigen  in  1818  ;  the  genus 
Sfegomyia  by  Theobald  in  1901.  A  great  many  other  genera  have 
also  been  described,  but  are  not  so  important  in  tropical  medicine 
as  these  three.  Among  the  early  workers  in  this  field  of  research 
special  prominence  must  be  given  to  the  names  of  Arribalzaga  and 
Ficalbi. 

The  great  worker  at  the  Culicidse  is  Theobald,  whose  monograph 
on  the  '  Culicidae  of  the  World '  should  be  referred  to  for  detailed 
information  with  regard  to  this  subject.  To  this  observer  tropical 
medicine  is  indebted  for  clearly  defining  a  most  useful  method  of 
classification.  He  has  also  split  up  the  old  genera  of  Culex  and 
Anopheles  into  several  genera,  thus  making  it  easier  to  refer  specimens 
to  their  proper  position. 

Careful  dissections  of  Anopheles  have  been  made  by  Nuttall 
and  Shipley,  and  of  Culex  by  Christophers,  while  the  larva  and 
pupa  of  Anopheles  have  been  studied  in  detail  by  Imms. 

As  the  Anopheles  is,  without  doubt,  of  the  greatest  importance 
to  medical  men,  its  anatomy  will  be  described. 
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Morphology. — Anopheles  macuUpennis  Meigen  has  be?n  studied  by  Nuttall 
and  Shipley,  whose  account  is  followed  in  the  description  given  below. 
The  body  of  a  mosquito  is  divided  into  (a)  head,  (6)  thorax,  (c)  abdomen. 


Fig.  214. — Diagram  of  a  Mosquito,  after  Theobald,  from  the 
'culicid^  of  the  world.' 
Pr.,  proboscis  ;  P.,  palp  ;  An.,  antenna  ;  E.,  eye  ;  Oc,  occiput ;  Pro., 
prothorax;  Mes.,  mesothorax ;  Scu.,  scutellum,  behind  which  is  seen  {Met) 
the  shield-like  post-scutellum  ;  H.,  haltere  ;  Abd.,  abdomen  ;  Ovp.,  ovi- 
positor;  PFj. ,  wing;  Fe.,  femur;  Ti.,  tibia;  Mt.,  metatarsus;  T.S.,  tarsus — 
the  line  indicating  the  tarsus  is  made  to  include  the  metatarsus,  which  is 
sometimes  regarded  as  the  first  tarsal  joint. 

(a)  Head. — The  most  conspicuous  objects  on  the  head  are  the  two  large 
reniform,  often  brilliantly  coloured  eyes,  which  lie  on  a  piece  of  exoskeleton, 
called  the  '  epicraniura,'  which  covers  the  whole  head,  except  in  the  ventral 
median  line,  where  the  gula  can  be  seen.      Dorsally  the  eyes  nearly  meet, 


PLATE    II. 


ANOPHELES  MACULIPENNIS  MEIGEN. 

Male. 
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Teface  Plate  III. 


ANOPHELES  MACULIPENNIS  MEIGEN. 

Female. 

(After  Austen,  by  kind  permission  of  the  Trustees  of  the  British  Museum.) 
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in  front  of  which  is  the  frons, 
male  and  female.     The  male 


Fig.  215. — Transverse  Section 
OP  THE  Proboscis  of  Ano- 
pheles MACUUPENNIS  MeIG. 

(After  Nuttall  and  Shipley,  from 
the  Journal  of  Hygiene.) 

I,  Labium  ;  2,  maxilla  ;  3, 
hypopharynx,  with  salivaryduct; 
4,  mandible  ;  5,  labrum  epi- 
pharynx  with  the  figure  (5) 
placed  in  the  blood  tube. 


MORPHOLOGY 

being  separated  by  a  space  called  the  'vertex 
which  carries  a  pair  of  antenn®,  different  in 
antenna  has  sixteen  segments,  of  which 
the  first  segment  is  very  small  ;  the 
second  is  globular,  and  contains  an  audi- 
tory organ ;  the  third  is  long,  and  the 
fourth  to  the  fifteenth  carry  twenty-five 
to  thirty  hairs  in  whorls  at  the  proximal 
end  of  each  segment.  The  sixteenth  seg- 
ment IS  about  half  as  long  as  the  penulti- 
mate. So  dense  are  the  whorls  of  verti- 
cillate  hairs  in  the  male  that  the  term 
plumose'  IS  applied  to  the  whole  an- 
tenna. The  base  of  the  sixteenth  segment 
carries  six  hairs,  and  the  tip  is  rounded. 
The  female  antenna  consists  of  fifteen 
segments.  The  first  is  very  small,  merely 
a  ring  of  chitin  ;  the  second  is  deeply 
hollowed  for  the  third  segment,  which  is 
the  longest.  The  proximal  ends  of  the 
fourth  to  the  fifteenth  carry  six  large 
hairs.  The  tip  of  the  fifteenth  segment 
bears  fine  hairs.  These  few  hairs  pro- 
duce quite  a  different  appearance  in  the 
antennae,  which  are  called  '  pilose." 

In  front  of  the  frons  a  sclerite  called 
the    '  clypeus,'    belonging     to    the    exo- 
skeleton  of  the  head,  projects  forwards,  under  cover  of  which  the  mouth 
appendages  appear  as  a  median  proboscis  and  two  lateral  palpi. 

These  mouth  parts  are  made  up  of 
the  following  (vide  Fig.  26)  : 

1 .  Labrum,  or  upper  lip,  with  which 
is  combined  the  epipharynx  to  form 
the  labrum-epipharynx. 

2.  The  mandibles. 

3.  The  first  air  of  maxillae  to  which 
the  palpi  belong. 

4.  The  hypopharynx. 

5 .  The  second  pair  of  maxillae,  which 
have  united  together  to  form  the  lower 
lip  or  labium. 

The  labrum-epipharynx  commences 
at  the  head  end  as  two  separate  chiti- 
nous  structures :  the  more  dorsal, 
continuous  with  the  clypeus,  is  the 
labrum,  and  the  more  ventral,  con- 
tinuous with  the  chitinous  lining  of 
the  mouth  cavity,  is  the  epipharynx ; 
the  part  in  the  proboscis  forms  a  deep 
groove,  open  ventrally.  In  the  female 
its  free  end  is  sharp  and  pointed  ;  in 
the  male  it  is  truncated. 

The  mandibles  are  absent  in  the 
males,  while  in  the  female  they  appear 
as  yellow  delicate  chitinous  blades,  the 
base  of  which  is  attached  to  the  sides 
of  the  labrum,  and  the  apex  is  knife- 
shaped,  with  its  edge  serrated  by 
thirty-one  fine  teeth  [vide  Fig.  27). 
The  first  maxillas  are  chitinous  rods  attached  posteriorly  to  the  side  of  the 
base  of  the  labium,  which  is  here  swollen,  and  carries  on  its  outer  angle  the 


Fig.  216. — Distal  End  of  the  Pro- 
boscis OF  Anopheles  maculi- 
pennis  Meigen. 

(After  Nuttall  and  Shipley,  from  the 
Journal  of  Hygiene.) 

I,  Labium;   2.  labellae;   3,   labrum 
epipharynx;  4.  maxillae;  5,  mandibles. 
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palp.  It  is  continuous  posteriorly  with  a  chitinous  bar,  which  runs  backwards 
nto  the  head,  and  affords  attachment  to  several  muscles.  The  free  extremity 
of  the  maxilla  has  thirteen  teeth  [vide  Fig.  28) . 

The  maxillary  palps  project  on  either  side  of,  and  dorsal  to,  the  proboscis, 
rhey  are  five-jointed  and  covered  with  scales.  In  the  male,  the  distal  end 
5f  the  third  segment  is  broadened,  and  the  whole  fourth  and  fifth  segments 
ire  broad  and  flat,  giving  a  spatulate  appearance  to  the  tip.  The  length  of 
:hese  palpi  varies  in  the  different  genera  of  the  Culicidae,  as  will  be  mentioned 
mder  the  heading  of  Classification. 

The  hypopharynx  takes  its  origin  just  above  the  base  of  the  labium  in  a 
iolid  mass  of  chitin,  which  is  pierced  by  the  salivary  duct,  which  is  a  canal  35 
;o  36  fj,  in  diameter.  In  the  male  the  hypopharynx  is  fused  with  the  labium. 
The  second  maxillae  are  united  together  to  form  a  lower  lip.  or  labium, 
.vhich  is  curved  dorsally  so  as  to  form  a  deep  groove,  in  which  the  first  maxillae 
ie  ventrally  and  laterally,  with  the  hypopharynx  situated  dorsaUy  and 
nesially,  and  the  labrum-epipharynx  dorsally  with  the  mandibles  on  either 

side.  The  distal  end  carries  two 
short  segments  called  'labellae,' 
which  are  movable  on  hinge- 
joints.  Between  these  labells 
there  is  a  projection  of  the 
labium  connected  with  them  by 
a  thin  membrane  —  Button's 
membrane — which  is  stretched 
during  the  act  of  biting. 
Through  this  membrane  filarial 
embryos  escape  from  the  in- 
terior of  the  labium.  The 
labium  itself  is  composed  of  a 
double  cuticular  wall  carrying 
scales  on  its  exterior,  and  en- 
closing internally  a  cavity  con- 
taining muscles,  etc.,  among 
which  the  filarial  embryos  can 
lie.  There  are,  therefore,  two 
tubes  in  the  proboscis  :  the 
first,  large,  formed  by  the 
labrum  -  epipharynx,  and  the 
hypopharynx,  is  the  blood- 
tube,  up  which  the  blood  is 
sucked  into  the  pharynx  ;  while 
the  other,  small,  lying  in  the 
hypopharynx,  is  the  salivary 
duct.  The  first  is  afferent,  the 
second  efferent. 
Behind  the  eyes  there  is  an  area  of  the  head  called  the  '  occiput,'  which 
carries  different  kinds  of  scales  in  different  genera,  as  is  seen  by  the  following 
diagram.  These  scales  may  be  differentiated  into  narrow  curved  scales, 
upright  forked  scales,  and  flat  scales,  the  presence  and  character  of  which  have 
been  made  the  means  of  classification.  The  upright  forked  and  the  curved 
scales  occupy  the  middle  area  of  the  occupit,  and  alone  are  met  with  in  this 
species  ;  but  quite  different  arrangements  are  met  with  in  other  genera.  The 
extreme  posterior  area  of  the  head  is  the  nape.  Below  the  eye  laterally  is  the 
irea  of  the  head  called  the  'gena.'  At  the  back  of  the  head  is  the  occipital 
foramen,  through  which  the  soft  structures  pass  to  the  neck. 

Neck. — The  neck  is  the  soft  connection  of  the  head  with  the  thorax.  It  is 
strengthened  with  chitinous  rods. 

Thorax. — The  thorax  shows  the  usual  three  divisions  into  pro-,  meso-,  and 
metathorax,  but  of  these  the  mesothorax  is  much  the  largest,  and  is  often  called 
'  the  thorax  '  ;  in  fact,  the  pro-  and  metathorax  are  hard  to  see.  It  will  be 
remembered  that  a  typical  thoracic  segment  should  show  dorsally  a  notum. 


Fig.  217. — The  Occiput  and  Scutellum 

OF   AN  AnOPHELINE   MoSQUITO  TO   SHOW 

THE  Scale  Characters. 

At  the  side  is  seen   the  lateral  aspect  of 

the  vertical  scales. 

(After  Theobald,  from  the  'Culicidae  of 

the  World.') 
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sternum,  and  laterally  a  pleuron, .  consisting  of  epistemum  and  epimerum 

-h?^.^!  P°^*e"°''  l°l^?^  °^  ''^'^^  '''^^  °*  t'^e  "e'^k  may  be  seen  a  small  sausage- 

.haped  sclente    called  the  patagmm.  in  front  of  which  is  the  neck  sclerite, 

while  posteriorly  there   is    another 

sclerite  reaching  as  far  as  the  arst 

thoracic  spiracle.     Below  these,  and 

reaching  to  the  coxa  of  the  first  leg, 

is  still  another  sclerite.     These  four 

sclerites    make    up    the   prothorax. 

The     patagium    may    represent    a 

pronotum,     the     neck    sclerite     an 

episternite,  and  the  posterior  sclerite 

an    epimerum,    while    the    sclerite, 

connected  with  the  coxa  of  the  first 

leg,  is   undoubtedly  a   presternum. 

This  segment  of  the  thorax  carries 

the  first  pair  of  legs,  and  perhaps  the 

first  spiracle. 

The  interpretation  of  the  parts  of 
the  prothorax  presents  considerable 
difficulty.  Some  authorities  believe 
that  there  is  no  pronotum.  The 
mesothorax  is  well  developed,  and 
presents  dorsally  a  prsescutum  and 
scutum  fused  together,  behind  which 
is  a  trilobed  area,  the  'scutellum.' 
Behind  this,  again,  is  a  shield- 
I  shaped  area,  looked  upon  by  some 
observers  as  a  metanotum,  but 
more  probably  representing  the 
postscutellum  of  the  mesothorax. 
I-aterally  behind  the  first  spiracle 
lies  the  epistemum  of  the  meso- 
thorax, below  and  behind  which  is 
the  mesosternum,  wedged  in  be- 
tween the  second  and  third  legs  on 
each  side.  The  two  mesosterna  are 
bound  together  by  a  chitinous  bar. 

Between  the  post-scutellum  and 
the  first  abdominal  segment  lies  the 
minute  true  metanotum.  The  meta- 
sternum  is  easily  seen  between  the 
second  and  third  pairs  of  legs,  and 
the  epistemum  of  that  segment  lies 
just  dorsal  to  the  third  coxa,  and 
contains  the  second  thoracic  spiracle 
as  well  as  carrying  the  haltere.  The 
thorax  is  covered  with  hair-like 
curved  scales,  and  its  appendages 
are  the  legs  and  wings.  There  are 
three  pairs  of  legs,  one  for  each 
division  of  the  thorax,  which  have 
the  usual  number  of  segments — 
coxa,  trochanter,  femur,  tibia,  meta- 
tarsus, and  tarsus,  the  latter  being 
four-jointed.  The  last  joint  of  the 
tarsus  carries  the  two  claws  or  ungues,  which  may  be  toothed.  In  the  first 
leg  in  the  male  the  claw  is  single,  and  the  first  terminal  tarsal  segment  is 
hollowed  out.  In  the  female  all  the  legs  terminate  in  a,  double  hook,  and 
the  first  tarsal  segment  is  not  hollow.      The  empodium,  a  median  process 
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projecting  between  the  ungues,  is  in  Anopheles  maculipennis  reduced  to  a  tuft 
of  hairs.  The  arrangements  of  the  ungues,  however,  vary  very  much  in 
different  genera  and  species. 

The  wings  arise  b)^  their  bases  from  the  side  of  the  mesothorax,  between 
the  scutum  and  the  episternum.  The  anterior  border  of  the  wing  is  straight 
and  thick,  while  the  posterior  is  curved,  and  near  the  base  is  folded  or  indented 
twice  to  form  squama  and  alula.  The  area  of  the  wing,  bounded  by  the 
by  the  squama  and  alula,  is  broken  up  by  a  series  of  thickenings  and  ridges 
from  which  the  nerves  take  their  origin.  The  base  of  the  wing  has  a  socket 
which  fits  on  to  a  knob  on  the  episternum.     The  veins  of  the  wings  are  : 

1.  The  Costa. 

2.  The  Subcosta,  which  joins  the  Costa  some  distance  from  the  apex  of  the 
wing. 

3.  The  Radius  i  [First  Longitudinal). — Runs  from  base  to  apex  of  the 
wing. 

4.  The  Radius  2+3  {Second  Longitudinal). — Commences  in  the  middle  of 
the  wing,  and  shortly  divides  into  two  branches  (Radius  2+  3),  enclosing  a 
piece  of  the  wing  called  the  first  submarginal  cell. 

5.  The  Radius  4+  5  (Third  Longitudinal  Vein). — Commences  in  the  middle 
of  the  wing  and  runs  to  the  margin. 

6.  The  Media  (Fourth  Longitudinal  Vein). — Runs  from  the  base  of  the 
wing  to  the  margin,  but  forks  (Media  i  +  2)  to  enclose  the  second  posterior  cell. 


Fig.  219. — Lateral  View  of  Anopheles  maculipennis  Meigen. 

(After  Nuttall  and  Shipley,  Journal  of  Hygiene.) 

1,  Labium;  2,  labrum-epipharjmx  ;  3,  palp;  4,  antenna;  5,  occiput; 
6,  mesothorax  (prasscutum  and  scutum)  ;  7,  prothorax  ;  8,  mesosternum  ; 
9,  first  thoracic  spiracle;  10,  metasternum ;  11,  second  thoracic  spiracle; 
12,  scutellum  ;  13,  post-scutellum  ;  14,  wing;  15,  tergum  ;  16,  pleural 
membrane  ;   17,  sternum. 

7.  The  Cubitus  (Fifth  Longitudinal  Vein). — Runs  from  the  base  and  forks 
(Cubitus  1+2)  to  enclose  the  third  posterior  cell. 

8.  The  Anal  1+  2  (Sixth  Longitudinal  Vein).  —  Runs  a  curved  course  from 
its  margin. 

In  some  mosquitoes  there  is  a  second  anal  vein  (seventh  longitudinal  vein), 
but  more  often  this  is  only  indicated  by  a  fold  or  incrassation.  There  may 
be  a  vena  spuria  or  marking  between  the  cubitus  and  the  anal  vein. 

9.  Transverse  or  Cross  Veins. 

(a)  The  humeral,  between  the  Costa  and  Subcosta. 

(b)  The  Radial,  between  Radius  2+  3  and  Radius  4+  5  (second  +  third 
longitudinal  veins). 

(c)  The  Radio-medial,  between  the  Radius  and  Media  (third  +  fourth 
longitudinal  veins). 

(d)  The  Medio-cubital,  between  the  Media  and  the  Cubitus  (fourth  + 
fifth  longitudinal  veins). 

These  veins  mark  out  the  following  cells  : 

1.  The  Costal  cell,  between  Costa  and  Subcosta,  but  subdivided  by  the 
humeral  vein. 

2.  Subcostal  (Mediastinal)  cell,  between  Subcosta  and  Radius  i. 

3.  Marginal  cell,  between  Radius  1  and  Radius  2+  3. 
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4.  First  Submarginal  cell,  between  Radius  2+  3. 

5.  Second  Submarginal  cell,  between  Radius  2+  3  and  Radius  2+  5. 

6.  First  Posterior  cell,  between  Radius  4+  5  and  Media. 

7.  Second  posterior  cell,  between  Media  1+2. 

8.  Third  Posterior  cell,  between  Media  and  Cubitus. 

9.  Fourth  Posterior  cell,  between  Cubitus  1+  2. 

10.  Anal  cell,  between  Cubitus  and  Anal  i. 

11.  Axillary  cell,  between  Anal  1+2  and  Anal  3,  when  present, 

12.  Spurious  cell,  behind  Anal  3,  when  present. 

13.  Anterior  Basal  cell,  bounded  anteriorly  by  the  Radius  i,  posteriorly 
by  the  Media,  and  externally  by  the  Radial  transverse  vein. 

14.  Posterior  Basal  cell,  bounded  anteriorly  by  the  Media,  and  posteriorly 
by  the  Cubitus,  and  externally  by  the  Medio-cubital  vein. 

The  wing  has  scales  on  all  its  veins,  except  the  cross  and  the  spurious  veins, 
which  are  arranged  in  two  ways  :  (i)  Two  rows  of  flat  scales  on  each  vein  ; 
(2)  lateral  scales  along  each  vein. 

Generally  these  scales  in  the  AnophelinaB  are  lanceolate,  or  long  and  narrow, 
but  one  genus,  Cycloleppteron,  has  large  inflated  scales.  It  will  be  found  that 
scales  vary  much  in  the  different  genera  and  species,  the  principal  forms  of 
which  may  be  gathered  from  the  following.  The  posterior  margin  of  the 
wing  carries  a  fringe  consisting  of  scales  arranged  as  follows  :  (i)  Flat  scales  ; 
(2)  long  lanceolate  scales  ;  (3)  short  lanceolate  scales  alternating  with  the 
long  lanceolate  scales. 

Abdomen. — There  are  eight  segments  in  the  abdomen,  each  of  which  consists 
of  a  dorsal  plate,  the  tergum,  and  a  ventral  plate,  the  sternum,  joined  together 
by  a  pleural  membrane,  on  which  lie  the  abdominal  spiracles,  said  to  number 
six  or  eight  by  different  observers. 

On  the  posterior  end  of  the  terminal  segment  are  the  external  genital 
organs.  In  the  male  these  consist  of  a  pair  of  large  basal  lobes,  each  termin- 
ating in  a  clasp  segment  armed  with  a  claw,  thus  forming  the  clasper.  The 
arrangements  of  the  male  genitalia  vary  so  much  that  they  have  been  used  as 
a  method  of  classification.  Therefore  it  is  necessary  to  explain  in  a  general 
way  the  terms  used  with  regard  to  the  various  parts  which  may  be  found. 
On  the  ventral  surface  of  the  basal  lobe  is  the  tubercle  or  lobe,  called  the 
claspette,  while  from  their  inner  margin,  near  the  base,  a  pair  of  claspers 
called  harpagones,  and  more  distally  another  pair,  the  harpes,  project. 
Just  at  the  junction  of  the  two  basal  lobes  are  another  pair  of  lobes — the 
setaceous  lobes — which  are  believed  to  be  the  rudimentary  ninth  segment. 
The  unci  are  absent  in  the  Anophelinas,  but  present  as  a  pair  of  ventral 
processes  in  the  Culicinse.     In  the  female  there  are  the  flap-like  ovipositors. 

The  flat  abdominal  scales  of  the  other  Culicidse  are  absent  in  the  Anophelinae, 
except  in  one  genus. 

Internal  Anatomy.^ — A  few  points  with  regard  to  the  internal  anatomy  of 
the  mosquito  may  be  mentioned. 

Alimentary  Canal. — The  alimentary  canal  consists  of :  (i)  Mouth ; 
(2)  buccal  cavity ;  (3)  pharynx,  or  pumping  organ  ;  (4)  oesophagus  and  its 
pouches;  (5)  oesophageal  valve,  or  proventriculus  ;  (6)  mid-gut.;  (7)  ileum; 
(8)  colon  ;  (9)  rectum  ;  (10)  anus  (vide  Fig.  29). 

1.  Mouth. — The  mouth  is  the  place  where  the  maxillae,  mandibles,  labrum- 
epipharynx,  hypopharynx,  and  palps  fuse  together. 

2.  Buccal  Cavity. — This  extends  from  the  mouth  to  the  valve  between  it 
and  the  pharynx,  and  is  lined  with  chitin,  and  has  an  upward  and  backward 
direction  until  it  approaches  the  pharynx,  when  it  turns  suddenly  upward. 
There  is  a  portion  of  its  roof  which  possesses  a  thinner  cuticle  than  the  rest 
of  the  buccal  cavity,  and  has  been  called  the  soft  palate.  This  structure 
possesses  two  spines  directed  downward  into  the  lumen  of  the  cavity,  and 
has  attached  to  it  five  pairs  of  palatal  muscles.  It  is  thought  that  as  this 
membrane  is  wrinkled,  and  has  muscles  attached  to  it,  it  may  indicate  that 
it  is  used  for  suctorial  purposes.  Posteriorly  there  is  a  valve  between  the 
buccal  cavity  and  the  pharynx,  lying  on  a  level  just  behind  the  posterior  end 
of  the  clypeus.     This  prevents  the  return  of  fluids  to  the  mouth  during  pump- 


522       BIOLOGICAL  CAUSES  OF  DISEASE— THE  DIPTERA 

ing.  Annett  and  Dutton  described  a  complicated  sense-organ  at  the  junction 
of  the  buccal  cavity  and  the  pharynx,  but  this  has  not  been  confirmed. 

3.  Pharynx. — The  pharynx  extends  from  the  posterior  end  of  the  buccal 
cavity  to  nearly  the  posterior  end  of  the  head,  where  it  ends  in  the  oesophagus. 
It  is  considerably  larger  in  the  female  than  in  the  male,  because  the  former 
sucks  blood,  while  the  latter  does  not.  The  anterior  portion  is  tubular,  and 
passes  through  the  nerve  ring  between  the  supra-  and  infra-cesophageal 
ganglia.  The  posterior  portion  is  triangular,  and  has  a  chitinous  wall  arranged 
into  three  plates,  one  dorsal  and  two  latero-ventral. 

Posteriorly,  near  the  oesophagus,  the  triradiate  pharynx  is  surrounded  by 
a  sphincter  muscle,  and  the  chitin  of  this  portion  is  marked  by  ridges,  which 
end  in  very  fine  spines,  making  a  comb-like  appearance,  and  possibly  acting 
as  a  strainer.  The  three  chitinous  plates  have  powerful  muscles  attached 
to  them,  of  which  the  two  posterior  dorsal  dilators  run  from  the  occiput  to 
the  dorsal  plate ;  the  two  anterior  dilators  (two  pairs  in  the  female)  taking 
their  origin  from  the  vertex  are  inserted  also  into  the  dorsal  plate,  and  the 
five-paired  latero-ventral  dilators  arising  from  the  lateral  posterior  angle  of 
the  head  pass  upwards  and  a  Kttle  forwards  to  the  latero-ventral  plates. 
When  these  muscles  contract,  the  triradiate  pharynx  becomes  nearly  circular, 
and  when  they  relax  the  walls  come  together. 


Fig.  220. — The  Alimentary  Canal  of  Anopheles  maculipennis  in  situ. 

(After  Nuttall  and  Shipley,  Journal  of  Hygiene.) 

I,  Proboscis;  2,  buccal  cavity;  3,  pharynx;  4,  oesophagus;  5,  oesophageal 
pouches ;  6,  salivary  glands ;  7,  proventriculus ;  8  and  9,  mid-gut ;  10,  Mal- 
pighian  tubes;  11,  ileum;  12,  colon;  13,  rectum;  14,  rectal  papillae; 
15,  anus. 

In  this  way  the  pharynx  pumps  the  blood  from  the  victim  up  the  blood - 
tube  in  the  proboscis  into  the  alimentary  canal. 

4.  (Esophagus. — The  short  oesophagus  runs  from  the  pharynx  to  the  oeso- 
phageal valve.  Anteriorly  it  is  narrow,  but  posteriorly  it  expands  so  much 
that  this  portion  is  sometimes  called  the  crop.  It  is  lined  with  thin  chitin. 
and  has  many  bands  of  muscles  attached  to  it.  Its  posterior  end  lies  on  a 
level  with  the  origin  of  the  first  pair  of  legs,  and  at  this  situation  it  gives  off 
three  pouches,  two  dorsal  and  one  ventral.  The  large  ventral  pouch  opens 
into  the  oesophagus  by  a  single  opening  in  the  middle  line,  and  extends  back- 
wards under  the  alimentary  canal  to  the  level  of  the  fifth,  sixth,  or  seventh 
abdominal  segment,  when  fully  distended.  In  shape  it  is  fusiform.'  The 
two  small  latero-dorsally  placed  pouches  open  into  the  sides  of  the  oesophagus. 
All  these  sacs  are  lined  with  thin  chitin,  and  have  some  slight  musculature. 

5.  The  oesophageal  Valve  or  Proventriculus. — The  CESophageal  valve  is  an 
annular  thickening  of  the  intestinal  wall,  due  partly  to  circular  rnuscles,  which 
are  capable  of  closing  the  lumen  of  the  gut  when  they  contract,  and  pjirtly 
to  an  invagination  of  the  more  anterior  portion  of  the  gut  into  the  more 
posterior,  thus  forming  a  valve.  Projecting  from  it  are  six  small  protuber- 
ances, more  marked  in  the  larva  than  in  the  adult  insect.  Christophers 
considers  that  this  portion  of  the  alimentary  canal  is  the  proventriculus  of 
other  insects.     It  is  not  lined  with  chitin. 
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6.  Mid-Gut  or  Chylific  Ventricle. — The  mid-gut  is  a  straight  tube  running 
from  the  oesophageal  valve  at  the  level  of  the  first  pair  of  legs  to  the  posterior 
limit  of  the  sixth  abdominal  segment  ;  but  this  varies  as  to  whether  it  is  filled 
with  food  or  not.  It  consists  of  two  parts  :  an  anterior  narrow,  and  a  posterior 
more  distended,  often  called  the  'stomach,'  which  begins  on  a  level  with  the 
second  abdominal  segment,  and  is  the  receptacle  for  the  food.  The  wall  of 
the  stomach  is  composed  of  the  following  layers  : 

( 1 )  Ad  elicate  internal  cuticle. 

(2)  A  single  layer  of  large  cylindrical  or  cubical  epithelial  cells  with 
large  nuclei  ;  their  condition  varies  with  the  state  of  distension  of  the 
stomach. 

{3)  An  elastic  basement  membrane. 

(4)  Muscular  fibres,  circular  and  longitudinal,  forming  a  loose  network. 

In  this  last  layer  there  are  numerous  air-tubes  or  tracheae,  which  probably 
help  to  keep  the  gut  in  position  in  the  coelom. 

7-10.  Hind-Gut. — This  runs  from  the  end  of  the  mid-gut  to  the  anus,  being 
divided  into  the  following  regions  : 

(1)  A  dorsally  bent  portion,  the  ileum,  lined  by  flattened  epithelium. 

(2)  A  ventrally  bent  portion,  the  colon,  lined  by  cubical  epithelium. 

(3)  A  dilated  portion,  the  rectum,  which  has  six  large  ovoid  papillae. 

The  rectum  narrows  just  before  the  anus,  which  opens  on  the  last  segment 
of  the  body. 

Malpighian  Tubes. — There  are  five  Malpighian  tubes  opening  at  the  junction 
of  the  mid-  and  hind-gut. 

Salivary  Glands. — The  salivary  glands  consist  of  two  groups,  each  con- 
taining three  acini,  lying  on  each  side  of  the  body,  in  the  anterior  portion  of 
the  thorax,  close  against  the  prosternum,  and  extending  almost  as  far  back 
as  the  proventriculus.  The  ducts  from  each  of  these  acini  unite  together 
to  form  a  single  duct  on  each  side,  which  passes  forwards  through  the  neck 
into  the  head,  where  it  unites  beneath  the  suboesophageal  ganglion,  with  its 
fellow  of  the  opposite  side,  to  form  a  common  salivary  duct.  This  duct 
passes  forwards  to  end  in  the  salivary  pump,  which  is  continuous  with  the 
salivary  groove  or  canal  of  the  hypopharynx.  The  duct  of  the  salivary 
gland,  therefore,  is  not  in  any  way  connected  with  the  alimentary  canal. 
These  glands,  which  are  much  larger  in  the  female  than  in  the  male,  are 
composed  of  acini,  surrounded  by  a.  basement  membrane  which  is  very 
delicate  and  structureless,  and  upon  which 
rests  a  single  layer  of  epithehal   cells   sur-  ^ 

rounding  a  central  lumen.    The  whole  acinus  i'-"\. 

lies  in  a  cleft  in  the  fat-body.  "t  ■''=,j, 

Space  does  not  permit  of  descriptions  of  f  \  •  J^ 

the  vascular,  nervous,  and  muscular  systems  .  ["   '.yi'\ 

being  included.  i   '■"; 

Reproductive  Organs. — The   female   repro-  j    ■- 

ductive  organs  consists  of  ovaries,  oviducts,  \  [  ■ 

and  a  common  oviduct,  a  mucous  gland  and  '^^"  ,,;;;X 

its  duct,  and  a  spermatheca  and  duct,  while  \  -  .^-  f' 

the  male  organs  are  testes  and  vasa  defer-  '^^  -    -?■ 

entia,  which,  after  receiving  the  ducts  of  the  >;_^ 

receptacula  seminis,  run  to  an   ejaculatory  '^> 

duct,  which  ends  in  a  short  penis.  „  , 

•  , ..     ,,.  .  A  -V.  „.~„^     Fig.  221.— Egg  of  Anopheles 

Life-History.  —  A    mosquito    passes  maculipennis. 

through  a  complicated  life-cycle,  con-        ^^^^^  ^^^^^^^  ^^^,  Shipley.) 
sisting  of  an  egg,  a  larval,  and  a  pupal       ^^  ^^^  ^^^^  ^^^         .^  ^^^^ 
stage,  the  last-named  givmg  rise  to  the    ^^^^  ^^^^^^  and  on  the  right 
perfect  insect  or  imago.  from  the  side. 

Soon  after  a  female  insect  is  hatched 
it  probably  becomes  fertilized,  though  some  authorities  believe  that 
this  does  not  take  place  until  after  the  first  meal  of  blood,  which 
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in  any  case  precedes  the  oviposition,  which  takes  place  in  the  early 

morning. 
The  eggs,  which  number  about  one  hundred,  are  laid  upon  the 

surface  of  the  water,  on  which  they  may  be  seen  arranged  in  stars, 

rows,  or  triangles. 
The  eggs  of  A .  maculipennis  are  boat-shaped,  about  0'5  to  i  milli- 
metre in  length,  with  a  flat  upper  and 
convex  lower  surface,  and  with  one  end 
somewhat  broader  than  the  other.  The 
head  of  the  larva  will  be  found  at  this 
broader  anterior  end.  The  upper  surface 
is  granular  and  reticulated,  while  the  lower 
is  smooth.  On  each  side  of  the  middle 
third  the  chitinous  capsule  is  thrown  into 
folds,  called  floats,  while  the  margin  pro- 
jects as  a  chitinous  frill. 

The  duration  of  the  egg  stage  has  not 
been  well  defined.  Nuttall  and  Shipley 
give  two  to  three  days  for  Anopheles 
maculipennis,  but  it  is  probable  that  it  is 
shorter  in  the  tropics.  The  appearance 
and  grouping  of  the  eggs  are  quite  different 
in  the  Culicinae,  as  will  be  mentioned 
later. 

The  larva  escaping  from  the  blunt 
anterior  end  of  the  egg  by  the  shifting 
off  of  a  piece  like  a  cap  from  the  rest  of 
the  shell  is  seen  to  consist  of  head,  neck, 
and  abdomen. 

When  first  hatched  the  head  is  very  black,  but 
later  on  it  becomes  Ughter  in  colour,  and  shows 
characteristic  markings.  At  the  back  of  the  head 
there  is  a.  little  notch,  and  from  this  a  V-shaped 
dark  line  opens  forwards,  formed  by  two  diverging 
bands  of  chitin,  arranged  along  which  are  patches 
of  pigment,  which  give  rise  to  the  characteristic 
marldngs.  There  are  two  large  compound  eyes, 
behind  each  of  which  lies  a  single  eye-spot,  or 
ocellus. 

The  antennae  are  conspicuous  rod-like  bodies 
ending  in  two  leaf-shaped  appendages,  between 
which  is  a  branched  hair,  while  another  hair  of 
specific  importance  arises  from  a  papilla  situated 
at  the  junction  of  the  proximal  and  middle 
thirds. 

Between  the  roots  of  the  antenna  and  pro- 
jecting forwards  there  is  a  smooth,  shield-like 


Fig.  222. — Larva  of  Ano- 
pheles MACULIPENNIS. 

(After  Nuttall  and  Shipley, 
Journal  of  Hygiene.) 

I,  Internal clypeal hairs; 

2,  external  clypeal  hairs ; 

3,  antennae;  4,  head  mark- 
ings ;  5,  thorax  ;  6,  abdo- 
men ;  7,  palmate  hair  ;  8, 
stigmatic  siphon  ;  9,  last 
segment. 

area,  the  clypeus,  which  carries  four  or  six  hairs, 
which  are  also  of  specific  importance.  Two  of  these  hairs  (internal  clypeal 
hairs)  arise  anteriorly  near  the  middle  line  ;  external  to  these  lie  the  external 
clypeal  hairs,  which  arise  from  the  outer  angle  of  the  cljrpeus  ;  and  behind 
them  lie  the  posterior  clypeal  hairs.  Sometimes  there  is  a  basal  hair  external 
to  the  antennae. 
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lie  mouth  parts  consist  of  two  large  feeding-brushes,  two  maxillary  palps, 
mandibles,  and  on  the  ventral  median  line  the  under  lip  of  Meiuert,  a 
cal  chitinous  structure,  and  a  snout-like  process  covered  with  hairs  pro- 
ing  between  the  brushes. 


ii'iG.  223. 


-Larva  of  an  Anopheline  Mosquito  lying  Parallel  to 
THE  Water. 


(Modified  after  Howard.) 


The  thorax  is  large,  increasing  in  size  as  the  larva  grows  older.  It  has 
nerous  hairs,  and  sometimes  a  pair  of  the  palmate  hairs  presently  to  be 
icribed.  .  j.    •     j 

There  are  nine  segments  in  the  abdomen,  of  which  the  eighth  is  characterized 
possessing  the  openings  of  the  tracheae,  and  the  ninth  by  possessing  four 


Fig    224  —Larva  of  a  Culic^  Mosquito,  hanging  down  from  the 
Surface  of  the  Water. 

'(After  Howard.) 

■ii~  or,^  Vi-iird  nroiprtin?  downwards  and  backwards.  The  first  two 
Xe^rSf  pSseTs^p^  ofS  f^^^^^^^^  hairs  on  each  side,  the  third  a  single 
;!fnn  each  side  The  othirs  do  not  possess  these  hairs  Certain  of  the 
^do^narsegments  have  small,  fan-shaped  hairs,  called  '  palmate  hairs,'  fixed 
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by  a  short  stalk  on  the  outer  side  of  the  dorsum  of  the  segment.  Each  of  thesi 
consists  of  nineteen  to  twenty  leaflets,  which  are  capable  of  closing  and  opemnj 
upon  the  stalk  like  a  fan.  These  hairs  are  rudimentary  in  the  freshly  hatchec 
larva,  but  in  the  adult  they  are  well  marked,  and  have  been  used  for  purpose; 
of  classification,  according  to  the  variations  in  their  number  and  position,  an( 
the  character  of  the  leaflets  and  their  terminal  hairs,  if  present.  These  hairi 
are  of  use  in  helping  to  keep  the  larva  in  its  horizontal  position  when  i 
comes  up  to  breathe  on  the  surface  of  the  water. 

The  stigmatic  siphon  is  placed,  as  already  mentioned,  on  the  eighth  seg 
ment,  forming  by  means  of  raised,  toothed,  chitinous  processes  a  quadrilatera 
space. 

The  teeth  are  of  great  importance,  being  capable  of  being  approximated  S( 
as  to  close  the  cavity,  and  thus  protect  the  two  openings  of  the  tracheae  whicl 
lie  in  the  anterior  portion  of  the  siphon.  From  these  openings  the  lon{ 
tracheEB  can  be  seen  running  from  back  to  front  along  the  larva. 

The  duration  of  the  larval  stage  varies  with  food  and  tempera 
ture,   being  longer  in  the   temperate  zone   than  in  the  tropics 

According  to  Stephens,  it  is 
twelve  days  in  Cellia  argyrotarsii 
and  eleven  days  in  Mysomia 
rossii,  while  it  may  be  eighteer 
to  twenty-one  days  in  Anophelet 
maculipennis  in  the  temperate 
zone.  The  larva  grows  by 
moulting  several  times. 

Culicine  larvae  are  easily  dis- 
tinguished from  Anopheline  larvae 
by  the  fact  that  the  spiracles 
are  carried  on  a  long  respiratory 
siphon,  formed  by  a  prolonga- 
tion of  the  dorsum  of  the  eighth 
abdominal  segment,  which  has 
been  used  to  distinguish  tjic 
different  species. 

Below  the  siphon  on  the  eighth 
segment  there  are  spines,  forming 
a  comb,  while  along  the  length  oi 
the  siphon  there  is  another  comb, 
distal  to  which  is  a  tuft  of  hairs 
The  variations  in  these  structures,  together  with  those  in  the 
length  and  breadth  of  the  siphon,  associated  with  those  of  the 
antennae  and  clypeus,  afford  means  of  classifying  the  Culicine  larvae 
For  further  information,  consult  either  Theobald's  Monograph, 
vol.  iv.,  p.  6,  or  Felt's  paper.  Bulletin  97  of  the  Division  oi 
Entomology  of  the  New  York  State  Museum.  The  Megarhininae, 
iEdinae,  and  Uranotaeninae  possess  larvae  belonging  to  the  Cuhcine 
type. 

The  pupal  stage  lasts  about  forty-eight  hours.  Towards  the  end 
of  an  afternoon  the  pupa  comes  up  to  the  surface,  and  the  dorsa 
portion  of  the  thorax  splits  with  a  T-shaped  fissure,  and  the  aduH 
insect  or  imago  emerges.     Pupae  do  not  eat. 


Fig.  225. — Pupa  of  Anopheles 
maculipennis. 

(After  Nuttall  and  Shipley,  Journal 
of  Hygiene.) 
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Differences  between  the  Anophelinse  and  Culicinae.— The  differ- 
ence between  these  two  important  families  may  popularly  be 
described  as  follows  : 

The  Anophelinse,  as  a  rule,  project  from  any  plane  surface  on 
which  they  may  be  resting  at  a  sharply  defined  angle,  owing  to 
their  head,  thorax,  and  abdomen  forming  a  more  or  less  straight 
line  ;  while  the  Culicinse,  on  the  other  hand,  do  not  make  such  a 


Fig.  226. — Diagram  to 
SHOW    THE    Posture 

OF     AN     AnOPHELINE 

Mosquito  on  a  Wall. 

(After  Sambon,  from  the 
British  Medical  Journal.) 


Fig.  227. — Diagram  to 
show  the  Posture  of 
Another  Anopheline 
Mosquito  on  a  Wall. 

(After  Sambon.) 


Fig.  228. — Diagram 
to  show  the  pos- 
ture of  culex 
pipiens  on  a 
Wall. 

(After  Sambon.) 


well-defined  angle,  owing  to  the  fact  that  the  abdomen  is  not  in 
the  same  straight  line  as  the  long  axis  of  the  thorax.  The  eggs  of 
the  Anophelinae  are  laid  singly,  while  those  of  the  Culicinae  are  laid 
in  rafts.  The  larvae  of  the  Anophelinae  have  no  drawn-out  siphons, 
and  therefore  lie  more  or  less  parallel  to  the  surface  of  the  water, 
while  the  larvae  of  the  CulicincB  hang  downwards.  There  are, 
however,  exceptions  to  these  rules — thus,  e.g.,  Myzomia  cuUcifacies 
rests  on  a  surface  like  a 
Culex,  not  like  an  Anopheles. 
Bionomics.  —  The  imago 
emerges  from  the  pupa 
during  the  late  afternoon, 
after  which  the  females  are 
ready  for  fertilization  by  the 
males.  These  latter  can 
sometimes  be  seen  in  large  numbers,  while  but  few. females  are 
observed,  which  is  supposed  to  be  characteristic  of  the  breedmg 

period.  .^i    x     iu 

The  female  alone  bites  man  and  animals,  apparently  tor  the  pur- 
pose of  obtaining  rich  food  for  the  eggs,  while  the  male  feeds  on  the 
fuices  of  plants  and  fruits.  The  female  can  also  be  seen  feeding 
upon  vegetable  juices,  though  this  is  more  common  in  the  females 
of  the  Culicinffi  than  in  those  of  the  Anophehnae.  It  is  believed, 
that  a  female  feeds  on  blood  once  a  day  in   nature,  but  this  is  a 


Fig.  229. — Raft  of  Culicine  Eggs. 
(After  Sambon.) 
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difficult  matter  to  be  certain  about.  The  mechanism  of  the  bite 
has  already  been  described  in  Chapter  VIII,,  to  which  reference 
should  be  made.  It  will  also  be  noted  that  the  structure  of  the 
female  mouth  parts  is  adapted  for  piercing,  while  that  of  the 
male  is  not.  It  will  also  be  remembered  that  only  the  stylets 
pierce  the  skin,  and  that  the  labium  never  does  so.  Infection  of 
the  victim  by  the  malarial  germ  takes  place  during  the  act  of 
biting,  as  the  sporozoites  pass  down  the  hypopharyngeal  or  salivary 
tube,  while  the  infection  of  the  mosquito  is  effected  by  the  blood, 
which  passes  from  the  victim  along  the  labial  or  blood-tube  into  the 
mouth.  So  much  blood  may  be  sucked  that  it  may  appear  per  anum. 
Usually  the  mosquitoes  bite  at  night,  and  preferably  in  the  dark, 
as,  for  example,  they  will  attack  the  ankles  of  people  while  sitting 
at  dinner  at  night. 

After  feeding,  the  mosquitoes  usually  retire  to  a  dark  portion  of 
the  room  to  digest  the  food.  It  is  noticeable  that  they  avoid 
white  areas  during  the  day-time,  and  prefer  dark-coloured  regions 
away  from  the  hght,  and  hence  are  very  difficult  to  find  in  ill- 
lighted  native  huts. 

In  the  early  morning  the  female  ffies  to  the  nearest  water  and 
lays  her  eggs.  Usually  she  does  not  travel  far,  but  is  believed  to 
be  capable  of  going  at  least  half  a  mile  in  case  of  need. 

The  females  of  the  Culicinae  do  not  appear  to  concern  themselves 
as  to  the  nature  of  the  water  in  which  they  lay  their  eggs,  but  the 
female  Anophelinae  prefer  clean  water  with  a  certain  amount  of 
weed.  This  water  may  be  the  back  eddies  of  a  river,  where 
there  is  the  protection  of  weeds,  or  the  margins  of  large  lakes, 
where  dense  surface  vegetation  is  to  be  found,  or  any  collection  of 
water  which  contains  green  vegetal  matter,  or,  faihng  these,  any 
collection  of  fresh  or  moderately  salt  water.  Small  and  large  wells 
are  a  prolific  source  of  mosquitoes,  as  are  puddles,  and  water  in 
broken  bottles,  shells,  and  especially  in  plants  like  bamboos,  etc. 
Having  laid  the  eggs,  they  retire  to  some  dark  corner  during  the 
daylight,  and  emerge  at  night  for  another  feed  of  blood.  How  long 
they  live  is  not  known  with  certainty,  and  will  be  discussed,  together 
with  other  features  of  their  bionomics,  in  Chapter  XXIII.,  under 
Malaria. 

Mosquitoes  can  hibernate  during  the  cold  weather  of  the  tem- 
perate zone,  and  sestivate  during  the  dry  hot  weather  of  the  tropics. 
In  this  latter  condition  they  bite  and  suck  blood,  but  apparently 
do  not  lay  eggs,  even  if  water  is  provided.  The  eggs  are  kept  afloat 
on  the  surface  of  the  water  by  their  stnicture,  and  in  due  course 
give  rise  to  the  larvae,  which  are  great  eaters,  living  not  merely 
upon  unicellular  organisms,  such  as  algae  and  diatoms,  but  also 
upon  their  fellows.  For  purposes  of  obtaining  air  they  are  com- 
pelled to  come  to  the  surface  of  the  water.  The  Anopheline  larva, 
not  possessing  a  siphon,  has  to  lie  more  or  less  parallel  with  the 
surface  of  the  water  in  order  to  enable  the  air  to  enter  the  spiracles, 
and  this  it  is  able  to  do  by  the  aid  of  the  palmate  hairs  already 
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mentioned;  while  the  Culicine  larvae  have  merely  to  bring  the 
apex  ol  the  siphon  to  the  surface  of  the  water,  from  which  they 
apparently  hang  downwards.  Larvae  are  certainly  able  to  hiber- 
aate,  and  perhaps  eggs  also.     The  pupa  does  not  feed. 

Mosquitoes  have  many  enemies  and  parasites,  but  the  most 
important  from  a  point  of  view  of  the  prophylaxis  of  malaria  are 
those  which  eat  the  eggs,  the  larvse,  and  the  pupae,  of  which  fish 
are  the  most  important. 

In  1905  C.  K.  Gibbons  pointed  out  that  a  small  fish,  popularly 
termed  millions,'  which  lived  in  shallow  water,  was  a  voracious 
feeder  on  eggs,  larvae,  and  pupae  of  mosquitoes.  These  fish,  which 
belong  to  the  species  Girardinus  pceciloides  de  Filippi,  are  found  in 
Barbadoes,  which  is  very  free  from  malaria.  They  are'  very  small, 
the  full-grown  female  only  measuring  ij  inches  in  length,  while 
the  male  is  smaller.  The  female  is  dull  in  colour,  while  the  male 
IS  distinguished  by  red  splashes  and  a  black  circular  dot  on  its 
sides.  The  great  importance  of  these  little  fish  is  that  they  are 
able  to  Hve  in  very  shallow  water,  and  to  work  their  way  in  among 


Fig.  230. — Girardinus  pceciloides  de  Filippi. 
(The  tail  should  have  been  expanded.) 

dense  surface  vegetation,  and  thus  to  gain  access  to  the  larvae,  etc., 
of  the  mosquitoes,  which  otherwise  are  protected  by  the  weeds 
from  attacks  by  the  larger  fish.  There  is  no  doubt  that  these  small 
fish  should  be  introduced  into  malarious  places  as  a  prophylactic 
measure  '  against  the  disease.  Other  closely  allied  species  are 
G.  versicolor  Giinther,  found  in  St.  Domingo,  and  G.  formosus, 
found  in  Florida  and  South  Carolina.  With  regard  to  other 
species,  Gambusea  moUiensia  is  said  to  be  of  great  value  in  con- 
suming larvae,  especially  when  protected  by  dense  surface  vegeta- 
tion. 

Certain  plants,  as  is  well  known,  collect  water,  especially  the 
bromelias,  the  bamboos,  and  the  pitcher-plants.  In  this  water 
Culicine  and  sometimes  Anopheline  larvae  can  be  found.  E.  E. 
Green,  of  Ceylon,  has  shown  that  the  flowers  of  the  lobster-claw 
plant  {Heliconea  hrasiliensis)  can  hold  a  considerable  amount  of 
water,  in  which  he  found  Stegomyia  and  Desvoidea  larvae  in  large 
aumbers. 

Classification. — Various  methods  of  classifying  mosquitoes  have 
been  brought  forward.     The  earhest  were  based  upon  the  characters 

34 


530       BIOLOGICAL  CAUSES.  OF  DISEASE-THE  DIPTERA 

of  the  palpi,  but  in  1901  Theobald  showed  that  they  were  useless 
for  anything  but  specific  characteristics,  and  based  his  larger  divi- 
sions on  the  variations  of  the  scales  on  the  head,  body,  and  wings. 
Felt  brought  forward  a  classification  based  upon  the  male  genitalia 

and  the  wing  veins,  but,  as 
Theobald  remarks,  the 
majority  of  known  mosqui- 
toes being  female,  it  is  most 
undesirable  to  take  only 
male  characters  for  the 
classification.  Recently 
Dyar  and  Knab  have  issued  a 
classification  of  the  Culicidae 
by  larval  characters,  and 
Eysell  has  advanced  matters 
considerably  by  separating 
the  Corethrinae  from  the 
Culicidae  under  the  term 
Corethridae,  because  the 
Corethridse  have  an  entire 
absence  of  the  long  piercing 
proboscis  and  of  scales  in 
the  adults,  both  of  which 
are  marked  features  of  the 
CuUcidse.  It  will  be  evident 
Lutz  has  brought  forward  a  classification  based 


^^v.mi^'M 


Fig.    231.  —  Head    and    Scutkllum    of 

Megarhinus,  to  show  the  Scales. 

On  the  left  a  profile  view  of  the  scales. 

(After  Theobald,  '  Culicida  of  the  World.') 


that  this  is  useful. 

upon  larval  and  adult  forms,  which  Theobald  has  modified  and 
brought  into  accord  with  one  based  upon  scales  as  generic  characters, 
and  this  classification  is  followed  below. 

Theobald's  Classification. — ^The  CuHcidae  may  be  divided  into 
subfamilies,  according  to  the  characters  of  the  scales  on  the  head, 
body,  legs,  and  wings. 

A.  Scutellum  simple,  never  trilobed  ;  proboscis  straight ;  palpi 

long  in  male  and  female — Anophelinae. 

B,  Scutellum  trilobed  : 

I.  Proboscis  strongly  recurved  ;  first  submarginal  cell  very 

small — Megarhininae. 
II.  Proboscis  straight  ;  post-scutellum  nude  : 

I.  Wings  with  six  longitudinal  scaled  veins  : 

(i)  Antennas  with  second  joint  normal  in  length  : 
{a)  First  submarginal  cell  as  long  as  or  longer 
than  the  second  posterior  cell. 

Palpi  in   the   female  shorter  than   the 

proboscis  ;  long  in  male — Culicinae. 
Palpi  short  in  both  sexes — ^dinae. 
[h]   First  submarginal  cell  very  small  ;  smaller 
than  second  posterior — Uranotaeninae. 
(2)  Antennae  with  second  joint  very  long — Deino- 
ceratinae. 
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2.  Wings  with  seven  longitudinal  scaled  veins — Hepta- 
phlebomyinae. 

III.  Proboscis  straight ;  post-scutellum  with  scales  or  chsetse  : 

1.  Palpi  long  in  male,  short  in  female — ^Trichoprosoponinse. 

2.  Palpi  short  in  both  sexes — Dendromyinse. 

IV.  Proboscis  elbowed — Limatinse. 

Of  these,  only  the  Anophelinse  and  the  Culicinje,  and  possibly 
the  iEdinse,  contain  species  of  importance  in  tropical  medicine, 
and  concerning  these  subfamilies  a  few  details  must  be  given. 

Anophelin.e. 

Culicidae  with  straight  proboscis ;  palpi  long  in  both  sexes ;  occiput 
mostly  with  upright  forked  scales,  never  with  flat  lateral  scales. 
Thorax  with  scales  or  hairs,  scutellum  never  trilobed,  with  scales 
or  hairs.  Post-scutellum  nude.  Abdomen  with  hairs  or  scales. 
Eggs  laid  singly,  and  not  in  rafts.  Larvae  without  respiratory 
siphon. 

This  is  a  most  important  family,  because  it  contains  the  species 
which  are  known  to  carry  malaria.  The  list  of  known  carriers,  as 
given  by  Theobald,  is  as  follows  :  Anopheles  macuUpennis  Meigen, 
Europe  and  North  America  ;  A.  bif meatus  Linnaeus,  Europe  ; 
Myzomia  listoni  Liston,  India  ;  M.  culicifacies  Giles,  India  ;  M. 
funesta  Giles,  W6st  Africa  ;  M.  superpida  Grassi,  Italy  ;  Myzorhyn- 
chus  paludis  Theobald,  West  Africa  ;  M.  barbirostris  van  der  Wulp, 
Asia  ;  M.  pseudopidus  Grassi,  Italy  ;  M.  sinensis  Wiedemann  ;  M. 
coust'ani  Laveran,  Madagascar ;  Pyretophorus  costalis  Loew,  West 
Africa  ;  Nyssorhynchus  lutzi  Theobald,  Brazil ;  N.  theobaldi  Giles  ; 
N.  stephensi  Liston ;  Cellia  argyrotarsis  Robineau-Desvoidy ;  C. 
albimanus  Wiedemann. 

It  is  also  certain  that  malaria  is  carried  by  Anopheles  martini 
Laveran  from  Cambodie,  A.  pursati  Laveran  from  Cambodie,  A. 
vincenti  Laveran  from  Tonkin  ;  but  the  position  of  these  mosquitoes 
in  Theobald's  classification  has  not  been  determined. 

It  appears  probable  that  the  following  are  also  malarial  carriers  : 
Myzomia  turkhudi  Liston,  Pyretophorus  ardensis  Theobald,  P.  pitch- 
fordi  Power. 

It  is  extremely  doubtful  whether  Myzomia  rossii  ever  spreads 

malaria. 

Filariasis  is  spread  by  Pyretophorus  costahs  Loew,  Myzomia  rosstt 
Giles,  Myzorhynchus  nigerrimus  Giles,  M.  minutus  Theobald,  Man- 
sonia  uniformis  Theobald,  M.  pseudotitillans  Theobald,  Cellia 
^ihi/'yyKX'yii'S 

Filaria  can  live  in  Anopheles  macuUpennis,  A.  annulipes,  Myzomia 

funSsta.  ,  ^       .  .    ,        _.  . 

It  is,  therefore,  important  for  the  student  of  tropical  medicme 
to  be  able  to  recognize  the  genera  and  species  of  the  more  important 
Anophelinae.  For  this  purpose  we  give  the  following  tables  taken 
froni  Theobald's  '  Manual  of  the  Culicidae,'  vol.  iv.,  1907 ;  but  for 
fuller  information  the  original  work  must  be  consulted. 
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Subfamily  Anophelin^  Theobald  1901. 
Table  of  Genera. 

A.  First  submarginal  cell  very  small — Birdnella  Theobald. 

B.  First  submarginal  cell  large  : 

I.  Antennal  segments  with  dense  lateral  scale-tufts — Chagasia  Cruz. 
II.  Antennal  segments  without  dense  lateral  scale-tufts  : 

1.  Thorax  and  abdomen  with  hair-like  curved  scales  : 

(a)  No  flat  scales  on  head,  but  upright  forked  ones. 

(a)  Basal  lobe  of  male  genitalia  of  one  segment. 

(i)  Wing  scales  large,  lanceolate — Anopheles  Meigen. 
(2)  Wing  scales  mostly  small,  long,   and   narrow,  or 

slightly  lanceolate — Myzomia  Blanchard. 
{3)  Wings  with   patches  of  large    inflated    scales — 
Cycloleppteron  Theobald. 
((3)  Basal  lobe  of  two  segments  : 

Prothoracic  lobes  with  dense  outstanding  scales — 
Feltinella  Theobald. 

(b)  Median  area  of  head  with  some  flat  scales  ;   prothoracic 

lobes  mammillated.     Wing  scales  lanceolate — Stethomyia 
Theobald. 

2.  Thorax  with  narrow  curved  scales  ;  abdomen  hairy  : 

(a)  Wing    scales    small    and    lanceolate;    head    with    normal 
'  forked  scales — Pyretophorus  Blanchard. 

(b)  Wing  scales  broad  and  lanceolate  ;  head  with  broad  scales, 

not  closely  appressed,  but  not  forked   or   fimbriated — 
Myzorhynchella  Theobald. 

3.  Thorax  with  hair-Uke,  curved  scales,  and  some  narrow  curved 

ones  in  front ;  abdomen  with  apical  lateral  scale-tufts  and  scaly 
venter ;  no  ventral  tuf t^  Wing  scales  lanceolate — A  rribalzagia 
Theobald. 

4.  Thorax    with    hair-like,   curved   scales  ;    no  lateral  abdominal 

tufts  ;  distinct  apical  ventral  tuft.  Palpi  densely  scaly.  Wing 
with  dense,  large,  lanceolate  scales — Myzorhynchus  Blanchard. 

5.  Thorax  with  hair-like,  curved  scales,  and  some  narrow,  curved 

lateral  ones  ;  abdomen  hairy,  with  dense  long,  hair-like,  lateral 
apical,  scaly  tufts.  Wing  scales  short,  dense,  lanceolate;  fork 
cells  short — Christya  Theobald. 

6.  Thorax  with  very  long,  hair-Uke,  curved  scales  ;  abdomen  with 

hairs,  e:xcept  last  two  segments,  which  are  scaly.  Dense 
scale-tufts  to  hind  femora.  Wings  with  broadish,  blunt,  lanceo- 
late scales — Lophoscelomyia  Theobald. 

7.  Thorax  and  abdomen  with  scales  : 

(a)  Thoracic  scales  narrow-curved  or  spindle-shaped  ;  abdo- 
minal scales  as  lateral  tufts  and  small  dorsal  patches  of 
fiat  scales — Nyssorhynchus  Blanchard. 

(6)  Abdomen  nearly  completely  scaled,  with  long,  irregular 
scales,  and  with  lateral  scale-tufts — Cellia  Theobald. 

(c)  Similar    to   above,    but    no   lateral    scale-tufts — Neocellia 

Theobald. 

(d)  Abdomen  completely  scaled  with  large  flat  scales,  as  in 

Culex — Aldnchia  Theobald. 

(e)  Thoracic  scales  hair-Uke,  except  a  few  narrow-curved  ones 

in  front  ;  abdominal  scales  long,  broad,  and  irregular — 
KerUszia  Theobald. 

Anopheles  Meigen  18 1 8. 

Essentially  A  nopheles  are  temperate  zone  or  hill-station  AnopheUnse,  of  which 
the  type  Anopheles  maculifennis  Meigen  1818  has  been  already  described. 
Sixteen  species  are  definitely  known,  but  in  addition  there  are  the  uncertain 
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species  of   A.  ferruginiensis   Wiedemann,  A.  martini   Laveran,  A.  pursati 
Laveran,  A.  vincenii  Laveran,  etc. 

Theobald  gives  the  following  table  by  means  of  which  the  species  mav  be 
recogmzed.  =  j  f  j 

Anopheles. 

A.  Wings  spotted  : 

I.  Legs  unhanded  : 

1.  Wings  with  spots  formed  of  collections  of  scales   on  the  wing 

field  ;  no  costal  spots — maculipennis  Meigen. 

2.  Wings  with  light  and  dark  costal  markings.     Costa  with  two 

yellow  spots  : 

(a)  Large  species  : 

(a)  No  fringe-spots — puncHpennis  Say. 
iP)  Fringe-spots  present — pseudopuncHpennis  Theobald. 
(6)  Small     species.       Wings     much     spotted  —  franciscanus 
McCrackeu. 
II.  Legs  with  basal  pale  bands. 

Costa  with  two  large  dark  spots — gigas  Giles. 
III.  Legs  with  narrow  apical  bauds. 

Costa    dark,    with     two    small    pale    yellow    spots  —  wellcomei 
Theobald. 

B.  Wings  unspotted  : 

I.  Legs  unhanded  : 

1.  Thorax  adorned  as  in  Corethra — corethroides  Theobald. 

2.  Thorax  normal  ornamentation. 

(a)  Second  fork  cell  much  more  than  half  the  length  of  the  first, 
(i)  Palpi  unhanded. 

(a)  Petiole  of  first  fork  cell  more  than  one-third  length 
of  cell.  ^ 

Abdomen  with  golden  hairs — bifurcatus  Linnaeus. 
Abdomen  with  brown  hairs — algeriensis  Theobald. 
{;8)  Petiole  of  first  fork  cell  one-third  length  of  cell — 
barberi  CoquiUett. 
(2)  Palpi  banded.    Dark  species.    Wing-scales  very  dense — 
smithii  Theobald. 
Wing-scales  not  so  dense — nigripes  Staeger. 
(6)  Second  fork  cell  not  more  than  half  the  length  of  the  first 
— aithenii  Theobald. 
II.  Legs  banded  : 

1.  Hind  femora  only  with  broad  white  band — lindsayii  Giles. 

2.  Apices  of  hind  tarsi  pale — immaculatus  Theobald. 
'                   3.  Position  uncertain — eiseni  CoquiUett. 

Myzomyia  Blanchard  1902. 

This  Myzomyia  includes  some  important  mosquitoes  found  in  West  Africa, 
and  in  India  and  Ceylon,  which  are  carriers  of  malaria. 
The  diagnostic  table  given  by  Theobald  is  as  follows  : 

Myzomyia. 
A.  Proboscis  unhanded  : 
I.  Legs  banded  : 

(a)  Palpi  with  three  white  rings. 

(i)  Legs  with  faint  apical  pale  bands. 
Wing-fringe  spotted — funesta  Giles. 

(2)  Legs   with  prominent  apical  pale  bands,   and   a  broad, 

pale,  median  band  to  fore   and   mid   metatarsi — lutzii 
Theobald. 

(3)  Legs  (hind)  with  apical  and  basal  pale  bands. 

r '.  Wings  with  five  to  six  pale  costal  spots,  the  largest  T- 

shaped — rossii  Giles. 
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Wings     with     three     yellow     costal     spots — longipalpis 
Theobald. 
(b)   Palpi  with  two  white  rings — aconita  Donitz. 

2.  Legs  spotted  and  banded. 

(a)  Supernumerary  cross-vein  straight. 

(o)   Palpi  with  three  white  bands.     Apical  and  basal  pale  leg 
banding, 
(i)  Third  large  costal  spot  with  two  spots  beneath  on 
first  vein — ludlowii  Theobald. 
,    ;,  (2)  Third  costal  spot  T-shaped,  as  in  Rossii — indefinata 

Ludlow. 
(3)  Thorax  with  two  ocelli ;  wings  much  spotted — iessel- 
lata  Theobald. 
(/3)  Palpi  with  four  white  bands — elegans  James. 

(b)  Supernumerary    cross-vein    markedly  curved — pyretophoroides 

Theobald. 

3.  Legs  unhanded: 

(a)  Apex  of  palpi  white  and  ringed.     Three  pale  palpal  bands, 
(a)   Third  long  vein  mostly  yellow — listoni  Listen. 
(/3)  Third  long  vein  dark. 

(i)  Several  fringe-spots — leptomeres  Theobald. 

(2)  Two  fringe-spots — cuHcifacies  Giles. 

(3)  No  fringe-spots^ — rhodesiensis  Theobald. 
(6)  Apex  of  palpi  white  only — nili  Theobald. 

(c)  Apex  of  palpi  black. 

(i)  Black  apex  narrow — turkhudi  Liston. 
(2)  Black  apex  broad — hispaniola  Theobald. 
B.  Proboscis  banded  : 

I.  Legs  unspotted — albirostris  Theobald. 
II.  Legs  spotted — thorntonii  Ludlow. 

Pyretophorus  Blanchard  1902. 

The  important  species  is  Pyretophorus  cosialis,  the  spreader  of  malaria  in 
West  Africa  and  Mauritius. 

Pyretophorus. 

A.  Legs  unhanded  : 

I.  Palpi     with     three     pale     bands  ;      apex      black  —  nigrifasciatus 

Theobald. 
II.  Palpi  with  three  pale  bands  ;  apex  white  : 

(a)  Wings  with  four  large  and  two  small  black  costal  spots  ;    mid 

cross-vein  very  long — nursei  Theobald. 

(b)  ^^'ings  with    four   large  black   spots  ;    mid   cross-vein  normal 

— minimus  Theobald. 

(c)  Wings  with  five  large  black  costal  spots  : 

(i)  First  fork  cell  much  longer  than  the  second  posterior — 

sergentii  Theobald. 
(2)   First  fork  cell  about  as  long  as  the  second  cell — palesH- 

nensis  Theobald. 

B,  Legs  banded  : 

I.  Legs  with  apical  banding.      Hind-legs  only  banded.     Palpi,  black 

apex,  and  three  pale  bands, 
(a)  Three  dark  lines  on  post-scutellum — myzomyfacies  Theobald. 
\b)  Two  dark  lines  on  post-scutellum — chaudoyei  Theobald. 

II.  All  legs  with  apical  pale  bands.     Palpi  with  three  white  bands. 

(a)  Wings  with  four  black  costal  spots  ;  fringe  unspotted — super- 

pictus  Grassi. 

(b)  Wings   with   four   large   and   two   small   costal  spots  ;    fringe 
'   .  spotted. 

(a)  Apical  palpal  band  broad  ;    other  two  small — jeyporensis 
Theobald. 
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(P)  Apical  and   median  palpal   bands  broad — austenii  Theo- 
bald. 
III.   Fore  and  hind  legs  with  apical  pale  bands. 
Four  white  papal  bands — cinereus  Theobald. 
C.  Legs  spotted  and  banded  : 

I.  Last  three  hind  tarsals  all  white. 

Thorax  golden  scaled — aureosquamiger  Theobald. 
II.  Last  hind  tajsal  not  wlaite  : 

(a)  Femora  and  tibise  spotted.     Tarsal  bands  apical.    Three  palpal 
bands. 

(a)  Apical  one  broad  ;  others  narrow — cosialis  Loew. 
(/3)  Apical  and  median  ones  broad — marshalHi  Theobald. 
(6)  Femora,  tibiae,  and  first  tarsals  spotted.     Tarsal  bands  apical. 

Four  palpal  bands — ardensis  Theobald, 
(c)  A  broad  tibio-metatarsal  joint  band, 
(a)  Mid-legs  banded — elegans  James. 
(|3)  Mid-legs  unbanded — leucosphyrus  Donitz. 

Myzorhynehus  Blanchard  1902. 

These  mosquitoes  are  usually  said  to  only  occur  in  the  open,  but  we  have 
repeatedly  found  Myzorhynehus  barbiwstris  in  houses.  M.  sinensis  is  known 
to  carry  the  parasite  of  malaria  in  Japan.  No  species  have  so  far  been 
reported  from  America. 

The  sixteen  species  can  be  recognized  as  follows  (recently  it  has  been 
asserted  that  Anopheles  constani,  which  has  never  been  correctly  placed,  is 
M.  constani  Laveran)  : 

MYZORHYNCHUS. 

A.  Palpi  unbanded  : 

I.  Last  hind  tarsals  brown  : 
Legs  with  pale  apical  tarsal  bands : 
(a)  One  fringe-spot. 

(i)  Legs  not  spotted — barbirostris  van  der  Wulp. 
{2)  Legs  with  speckled  femora  and  tibiae,  and  more  numerous 
'  round-ended  '    scales    on    the  wing — pseudobarbirosiris 
Ludlow. 
(6)  Several  fringe-spots — bancroftii  Giles, 
(c)  No  fringe-spot. 

(i)  One  pale  costal  spot ;  wings  with  light  and  dark  scales — 

umbrosus  Theobald. 
(2)  Two  pale  costal  spots  ;  wings  mostly  dark-scaled — strachanii 
Theobald. 
XI.  Last  hind  tarsal  white — albotceniatus  Theobald. 

B.  Palpi  banded  : 

I.  Last  hind  tarsal  brown : 

(a)  Wing-fringe  with  one  pale  spot — sinensis  Wiedemann. 
(6)  Wing-fringe  unspotted. 

(a)  Palpi  with  four  pale  bands  ;  apex  white. 

1.  Wings  with  two  yellow  costal  spots. 

(i)  Wings  distinctly  spotted — vanus  Walker. 
(2)  Wings    without    prominent    spots — pseudopictus 
Grassi. 

2.  Wings     with     two     white     costal     spots  —  minutus 

Theobald. 
(j3)  Apex  of  palpi  black — nigerrimus  Giles. 

II.  Last  two  hind  tarsals  white — mauritianus  Grandpre. 
III.  Last  three  hind  tarsals  white — paludis  Theobald. 
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Nyssorhynehus  Blanchard  1902. 
The  important  member  is  Nyssorhynehus  fuHginosus  Giles  1900,  wMch  is 
without  doubt  a  malarial  carrier.     Theobald's  diagnostic  table  is  as  follows  : 

Nyssorhynchus. 

A.  Last  hind  tarsals  brown  : 

Legs  spotted  : 

(a)  Apical  pale  bands  to  legs. 

(i)  Proboscis  dark — stephensi  Liston. 

(2)  Proboscis  pale  on  apical  half — masteri  Skuse. 
(6)  Apical  and  basal  pale  banding — annulipes  Walker. 

B.  Last  hind  tarsal  white  : 

I.  Legs  spotted  with  white  : 

(a)  Palpi  with  three  white  bands — willmori  James. 
(6)  Palpi  with  four  white  bands — maculatus  Theobald. 
II.  Legs  not  spotted  ;  four  palpal  bands — karwari  James. 

C.  Last  two  hind  tarsals  vs^ite.     Legs  with  mottled  femora,  tibiae,  and  tarsi  ; 

three  white  palpal  bands  : 

(a)  Two  apical  palpal  bands  close  together — theobaldi  Giles. 
(6)  Two  apical  palpal  bands  far  apart — pretoriensis  Theobald. 

D.  Last  three  hind  tarsals  white : 

I.  Palpi  with  three  white  bands  : 

(a)  Palpi  spotted  ;  legs  spotted — maculipalpis  Giles. 

(b)  Palpi  not  spotted  ;  legs  spotted — jamesii  Theobald. 

(c)  Palpi  and  legs  not  spotted. 

(i)  Wings  with  four  white  costal  spots — fuHginosus  GUes. 
(2)  Wings  with  five  white  costal  spots — nivipes  Theobald. 
II.  Palpi  with  four  white  bands — philippinensis  Ludlow. 

Cellia  Theobald  1902. 

This  genus,  which  is  widely  distributed  throughout  the  tropics,  has  two 
malarial  carriers,  Cellia  argyrotarsis  and  C.  albimana,  the  latter  being  also 
known  as  a  filarial  carrier. 

Cellia. 

A.  Legs  with  last  three  hind  tarsals  white  : 

I.  Dark  species — argyrotarsis  Robineau-Desvoidy. 

II.  Yellov/ish  species — pulcherrima  Theobald. 

B.  Legs  with  last  hind  tarsals  white  : 

I.  Femora     and      tibisB     mottled  ;      apical      foot -bauds  —  pharoensis 

Theobald. 

II.  Femora  and  tibise  not  mottled — bigotii  Theobald. 

C.  Legs  with  last  hind  tarsal  white,  except  base ;  second  and  third  white — 

albimana  Wiedemann. 

D.  Legs  with  last  hind  tarsal  dark. 

I.  Dark  species  ;   three   white  long  lateral   thoracic   lines — squamosa 
Theobald. 
II.  Pale   species;    thorax   with   two  eye-like  spots;    pleurae   pale  with 
large  black  spots — kochii  Donitz. 

Subfamily  Culicin^  Theobald  1901. 

CulicidaB  with  straight  proboscis,  long  palpi  in  the  male,  short  in  the  female. 
Post-scutellum  nude ;  -wings  with  a  long  first  submarginal  cell,  and  without  a 
third  anal  vein.     Larvae  with  respiratory  siphons. 

There  are  upwards  of  sixty-three  known  genera,  but  of  these  OTAy^Stegomyia, 
Culex,  and  perhaps  Mansonia,  are  of  importance  to  medical  men  at  present. 
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SxEGOMYiA  Theobald  1901. 

CulicinjE  with  the  head  and  scutellum  clothed  with  flat  scales. 

The  important  species  is  Stegomyia  fasciata,  the  tiger  mosquito,  which 
spreads  yellow  fever.  It  is 
peculiar  in  that  it  bites  chiefly 
in  the  afternoon.  It  is  found 
all  over  the  world,  which  is 
due  to  the  fact  that  it  can  live 
on  board  ship  easily. 

Unfortunately  its  name  is 
about  to  be  changed  either  to 
5.  calopus  Meigen,  or  S.  frater 
Desvoidy.  Theobald  at  pre- 
sent is  not  certain  which  will 
prove  to  be  the  correct  term. 
The  name  as  it  stands  at 
present  is  S.  fasciata  Fabricius 
1805  (non  VilUers  1789)  (syno- 
nyms :  Culex  calopus  Meigen 
i8i8(?),  C.  frater  Desvoidy 
1827).  VilUers,  it  appears, 
used  the  term  '  fasciata  '  for 
it  Culex  in  1789. 


Fig.  232. — Head  and  Scutellum  of  Stego- 
myia, TO  SHOW  Scales. 

(After  Theobald,  'Culicidae  of  the  World.') 


Stegomyia. 

A.  Proboscis  banded : 

I.  Legs  basally  banded : 
(a)  Thorax    brown, 

with  scattered,  creamy-white  scales — annulirostris  Theobald. 
(6)  Thorax  black,  with  narrow,  curved,  golden  scales — perisheleta 
Giles. 
II.  Legs  with  basal  and  apical  banding.     Fore-legs  with  no  bands  ;  mid 
with  apical  and  basal  bands  on  first  tarsal  and  second  tarsal ;  hind 
with  basal  bands. 
Thorax  white  in  front,  with  a  brown  eye-like  spot  on  each  side — 
thomsoni  Theobald. 

B.  Proboscis  unbanded  : 

I.  Legs  basally  banded  : 

(a)  Abdomen  basally  banded. 

(a)  Thorax  with   one   median   silvery  white  line — scutellaris 

Walker. 
(/3)  Thorax  with  two  median  yellow  lines  and  lateral  curved 

silvery  lines— ca/o^MS  Meigen. 
(7)  Thorax  with  two  short  median  pale  lines  and  a  white  patch 

on  each  side — nigeria  Theobald. 
(5)  Thorax  with  a  white  W-shaped  area  in  front,  a  prolongation 

curved  on  each  side  enclosing  a  brown,  eye-like  spot — 

W-alba  Theobald. 

(e)  Thorax  with  two  lateral  white  spots,  the  front  one  the 

largest ;  a  small  median  one  near  the  head  ;  two  yellow 
median  lines  and  a,  short  silvery  one  on  each  side  before 
the  scutellum — simpsoni  Theobald. 

(f)  Thorax  with  a  silvery  white  scaled   area  in  front,   and 

another  on  each  side  in  front  of  wings — argenteomaculata 
Theobald. 
(7))  Thorax  with  a  median,  yellowish-white  line,  a  silvery  patch 
on  each  side  in  front  of  the  wings,  extending  as  a  fine 
yellow  line  to  scutellum,  and  another  silvery  spot  before 
base  of  each  wing — poweri  Theobald. 
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(6)  Abdomen  unbanded. 

Third  hind  tarsal  nearly  all  white.     Thorax  with  two  lateral 
white  marks  directed  upwards — africana  Theobald. 
II.  Legs  with  white  lines  as  well  as  basal  bands. 

Thorax  brown,  with  white  lines  ;  abdomen  with  basal  bands — grantii 
Theobald. 

III.  Fore  and  mid-legs  with  apical  bands  ;  hind  basal. 

Fourth  tarsal  of  hind-legs  nearly  all  white — mediopunctata  Theobald. 

IV.  Legs  unbanded  : 

(a)  Abdomen  basally  banded. 

Thorax  with  front  half  silvery  white,  remainder  bronzy-brown 
— pseudonivea  Theobald. 
(6)  Abdomen  unbanded. 

Thorax  with  six  silvery  spots — afgenteopunctata  Theobald. 

(c)  Abdomen  with  apical  white  lateral  spots. 

Thorax  unadorned,  except  for  pale  scaled  ^ines  laterally — 
punctolateralis  Theobald. 

(d)  Abdomen  with  basal  white  lateral  spots. 

Thorax  with  two  pale  indistinct,  median,  parallel  lines,  and 

two, silvery  lateral  spots — minuta  Theobald. 
Thorax  unadorned — amesii  Ludlow. 
C.  Proboscis  yellow  basally,  dark  apically. 

Abdomen  with  apical  pale  bands — crassipes  van  der  Wulp. 

Culex  Linnaeus  1758. 
Culicidas  with  head  covered  with  narrow,  curved  scales  above,  flat  scales  a't 
the  sides,  and  upright  forked  scales.     Male  palpi  long,  acuminate.     Female 

short.  Thorax  with  hair-like, 
curved  scales  or  narrow  curved 
scales.  Linear  lateral  vein-scales. 
The  important  species  are 
Culex  pipiens  Linnasus  and  C. 
fatigans  Wiedemann. 

Culex  pipiens  Linna2us  1758. 

Synonyms. — Culex  vulgaris 
Linnaaus  1767,  C.  alpinus  Linnseus 
1767,  C.  agilis  Bigot,  C.  ciliaris 
Linnaeus  iy6y,  C.  communis  de 
Geer,  C.  rufus  Meigen  1818,  C. 
phytophagus  Ficalbi  1889. 

C.  pipiens  is  widely  distributed 
in  Europe,  North  Africa,  and 
North  America,  where  it  is  the 
common  brown  mosquito. 

Its  general  appearance  is  well 

shown  in  the  illustration,  in  which 

the  head   is  brownish  from  the 

golden-brown  scales,   as  are  the 

proboscis,    palpi,    and    antennae. 

The  thorax  is  dark  brown,  with 

...     .,         ,  1     ,    ,.  ,  golden-brown  curved  scales,  and 

with  three  black  hnes  due  to  black  bristles.     Abdomen  brown,  with  basal 

yellow  bands.     Legs  are  brown  and  unbanded. 

Culex  fatigans  Wiedemann  1828. 

Synonyms,— CMJeAT  ^s^mow^  Wiedemann  1828,  C.  pungens  Wiedemann  1828 
C.  palHpes  Meigen  1838,  Heteronychia  dolosa  Arribalzaga  1896. 

This  is  the  common  brown  house-mosquito  of  the  tropics,  which  is  believed 
to  spread  dengue  fever. 


Fig.  233. — Head  and  Scutellum   of  a 

CuLic^  Mosquito,  to  show  Scales. 
(After  Theobald, '  Culicidae  of  the  World. ' ) 
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It  resembles  the  above,  but  has  only  two  dark  Unes  on  the  thorax  as  a  rule, 
while  the  basal  abdominal  bands  are  white  or  pale  cream  colour,  and  the  tirst 
fork  cell  is  longer. 

^DIN^  Theobald. 

Culicidae  with  straight  proboscis,  short  palpi  in  both  sexes,  usually  plumose 
antennee  in  the  male,  pilose  in  the  female.  Wings  with  six  scaled  longitudinal 
veins,  and  with  the  first  submarginal  cell  as  long  as  or  longer  than  the  second 

posterior.     Post-scutellum  nude. 

The  mosquitoes  included  in  this  sub- 
family are  generally  found  in  the  jungle, 
and  not  in  habitations. 

Daniels  thinks  that  perhaps  they  may 
be  proved  to  be  malarial  carriers.  Loew 
suspects  some  of  them  (Hamogogus  ?)  as 
possible  carriers  of  Filaria  (especially 
F.  Persians). 

The  eggs  are  laid  in  rafts,  and  the 
larvae  have  respiratory  syphons.  A  number 
of  genera  are  described  by  Theobald, 
whose  work  should  be  consulted  if  further 
information  is  desired. 

LiMATiN^  Theobald. 

Culicidae  with  elbow-bent  proboscis  and 
squamae  on  post-scutellum.  Palpi  short 
in  both  sexes.  First  fork  ceU  longer  than 
second. 

Genus. — Limatus. 


Fig.  235. — Head  and  Scutellum 
OF  jEdes,  to  show  Scales. 

(After  Theobald,  '  Culicidae  of 
the  World.') 


Family  Corethrid^  Eysell  1905. 
Orthorrhapha  nemocera  with  short 
proboscis   not   formed  for  piercing, 
without  scales  in   the   adult   condition,  with   transparent   larvae 
rather  resembling  those  of  Chironomus. 

The  only  reason  why  this  family,  which  includes  the  genera 
Corethra  and  Mochlonyx,  is  mentioned  here  is  that  it  has  only 
recently  been  separated  from  the  Culicidae,  of  which  it  formed  a 
subfamily — Culicimorphse. 

Family  Chironomid^. 

Synonyms. — TipularicB  culiciformis,  Culicites  Newman,  TipiladcB 
Leach,  Chironomii  Zelt,  ChironomincB  Roud. 

Orthorrhapha  nematocera  with  head  small,  often  retracted  under 
and  covered  by  the  thorax.  Ocelli  absent.  No  transverse  suture 
on  thorax  ;  eyes  reniform.  Antennae  from  six  to  fifteen  joints  ; 
pectinate  in  male,  simple  and  composed  of  fewer  joints  in  female. 
Wings  without  veins  along  the  posterior  margin ;  costal  vein  ending 
near  the  tip  of  the  wing. 

The  Chironomidae  are  the  midges,  and  have  a  world-wide  dis- 
tribution, generally  being  found  around  large  sheets  of  water.  In 
Ceylon  they  are  especially  abundant  around  the  Colombo  Lake.  A 
number  of  genera  have  been  recorded  in  addition  to  Chironomus, 
but  only  one — viz.,  CuUcoides  Latreille — need  concern  us. 
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Subfamily  Ceratopogonin/E. 
Culicoides  Latreille  1809. 

^nonym.—C eratopogon  Meigen  SensH  latA. 

Body  small,  pUose,  or  bare.  Head  depressed  in  front,  prolonged 
into  a  short  rostrum.  Proboscis  with  fleshy  labium  ;  labrum  horny, 
seated  on  base  of  labium.  Maxillse  long  and  horny.  Antennae 
thirteen-] ointed,  seated  on  a  thick  base  ;  first  eight  joints  oval, 
remainder  elliptical,  hairy.  Subcostal  vein  ending  much  beyond 
nalt  the  length  of  wing ;  radial  ending  near  tip  ;  cubital  ending  by 
the  tip.  Abdomen  composed  of  eight  segments.  Legs  almost 
equal  m  length  ;  femora  armed  beneath  with  spines. 


..     A!.«-i'-/ 


Fig.  236. — Culicoides  pulicaris  (Female). 
(After  Austen,    'British  Blood-Sucking  Flies.') 

There  are  over  one  hundred  known  species  of  this  genus,  in  which 
only  the  females  suck  blood,  which  they  do  most  viciously,  and 
though  they  are  not  known  to  cause  disease,  still  they  give  rise  to 
much  irritation,  especially  as,  being  very  small,  they  can  get  through 
any  ordinary  mosquito-netting.  The  eggs  of  the  naked  species  are 
laid  in  water,  attached  to  floating  algae,  and  give  rise  to  white  worm- 
like larvffi  and  small  pupae,  with  prominent  respiratory  horns. 

The  eggs  of  the  hairy  species  are  laid  in  decaying  vegetal  matter, 
and  give  rise  to  small  larvae. 

(EeaetaPoey  1851. 

CEcacta  furens  Poey  is  the  jejen  of  Cuba,  where  it  is  said  to  be  very 
irritating. 
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Tersesthes. 

Tersesthes  torrens  Townsend  is  another  blood-sucker  found  in  Cuba  and 
Mexico.     It  principally  attacks  horses. 

Myeterotypus  Nod. 

This  genus  is  found  in  Italy. 

CeratolophUS  Kiefier. 
This  is  cosmopolitan. 

Hsematomyidium  Goeldi. 
Htsmatomyidium  paranse  Goeldi  1905  is  found  in  South  America,  and  its 
larvae  are  believed  to  live  in  the  sea. 

Family  Psychodid^. 

Orthorrhapha  nematocera  without  ocelli,  and  with  body  densely 
covered  with  coarse  hairs.  Thorax  without  transverse  suture. 
Antennae  long,  sixteen-jointed.  Wings  very  broad  and  hairy.  No 
discoidal  cell.     Legs  long,  tibiae  without  spurs. 

The  principal  blood-sucking  genus  is  Phlehotomus  Rondani  1840, 
but  Eaton  suspects  Sycorax  silacea  Hal.  of  England  and  Algeria  as 
being  likely  to  suck  the  blood  of  men. 

In  Ceylon,  Phlebotomus  is  very  irritating,  and  we  have  several 
times  had  inquiries  re  this  pest.  The  life-history  is  not  well  known, 
but  the  eggs  are  probably  laid  in  water.  The  larvae  possess  a  head 
with  ocelli  and  also  have  a  siphon.  They  live  in  liquid  filth.  Pupae 
are  free,  with  stigmata  in  the  form  of  horns. 

Phlebotomus  papatasii  Scop.  1786,  Northern  Italy,  Austria,  and 
Egypt.  Recently  P  papatasii  has  acquired  considerable  impor- 
tance, for  it  has  been  proved  to  be  the  carrier  of  '  papataci  fever ' 
endemic  in  Bosnia  and  Herzegovina  and  Dalmatia  ;  P.  minutis 
Rondani  Europe  ;  P.  duhoscqui  Neveu-Lemaire,  1906,  in  Timbuktu. 
An  Indian  species  has  been  suggested  to  be  one  of  the  possible 
carriers  of  surra. 

Family  Simulid^e. 

Synonyms. — Tipularice  latipennis  Meigen,  Simulides  Zelt,  Simu- 
lites  Newman,  Simulince  Rondani. 

Orthorrhapha  nematocera  without  ocelli;  without  transverse  suture 
on  the  thorax ;  with  short  legs,  in  which  the  posterior  tibiae  and  the 
first  joint  of  the  hind  tarsi  are  dilated ;  with  short  straight  cylindrical, 
eleven-jointed  antennae  without  setae.  Eyes  of  the  male  are  large, 
and  meet  in  the  middle  line,  while  those  of  the  female  are  smaller 
and  separate.     Size,  1*5  to  4  millimetres  in  length. 

The  Simulidce  are  the  sand-flies,  also  called '  brfilots '  or '  potu  '  flies, 
and  have  a  wide  distribution,  being  particularly  found  in  the 
tropics,  but  are  also  well  known  in  Europe.  Though  small  in  size, 
they  are  great  blood-suckers,  attacking  man  and  beast,  and  also 
other  insects,  but  only  the  females  suck  blood. 

Though  there  is  only  one  genus,  Simulium  Latreille  1802,  there  are 
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very  many  species — j.e.,  about  seventy — of  which  SimuUum  reptans 
Latreille  and  S.  hirtipes  Fries  are  known  in  Scotland.  S.  colum- 
baczense  Schonberg,  locally  known  as  the  'banat.'is  the  cause  of 
much  destruction  of  cattle  in  South  Hungary.  5.  indicum  Becher  is 
the  '  dam  din '  of  Assam,  which  is  a  cause  of  irritation  to  tea-coolies. 
S.  damnosum  Theobald  in  Uganda,  where  it  is  called  '  mbwa,'  and  in 
the  Sudan,  where  it  is  called  '  kunteb  ';  and  S.  griseicollis  Becher,  of 
Dongola,  locally  called 'nimetta,'  are  very  virulent.  Austen  says 
that  the  '  potu '  flies  were  accused  of  having  caused  the  death  of 
coolies  while  constructing  an  Indian  road.  The  effects  of  the  bite 
of  these  small  insects  is  most  irritating,  and  the  appearance  of  a 
person  after  a  severe  attack  is  most  peculiar,  the  face  and  hands — 
i.e.,  the  exposed  parts — being  covered  with  papules. 


Fig.  237. — SiMULiuM  reptans  (Female). 

The  eggs  are  deposited  in  running  water,  being  attached  to 
stones  or  plants.  The  larva  is  broad  posteriorly,  where  it  pos- 
sesses a  sucker,  capable  of  attaching  it  to  any  convenient  object. 
Anteriorly  it  has  two  fan-like  organs.  It  moves  about  in  the  water 
after  the  manner  of  a  leech,  and  feeds  on  water  plants.  The  larval 
stage  lasts  about  a  month,  when  a  cocoon  is  spun,  inside  which  the 
pupa  is  formed.  The  pupa  breathes  by  means  of  branched  fila- 
ments, and  at  the  end  of  a  week  becomes  the  imago,  which  is  carried 
to  the  surface  of  the  water  in  an  air-bubble. 

Pathogenesis. — Although  sand-flies  are  very  irritating,  and  cause 
the  death  of  cattle,  it  is  not  known  whether  they  are  the  carriers  of 
any  definite  disease  of  cattle  or  man. 

Marchoux  and  Borret  have  suggested  that  sand-flies  may  play  a 
role  in  the  transmission  of  leprosy. 

Family  BLEPHAROCERiD.iE  Loew  i860. 

Orthorrhapha  nematocera,  without  discal  cell  and  with  a  secondary  set  of 
crease-like  lines  on  the  wings.  . 

In  this  family  the  genus  Curupim  Osten-Sacken  is  said  to  contain  species 
which  suck  blood.  The  larvae  live  in  rapid  streams.  C.  torrenhum  (MuUer) 
is  found  in  Brazil. 
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BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 

—FLIES 
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matobia  —  Sarcophagidas  —  Muscidse  —  Stomoxys  —  Glossina— Musca— 
Callophonnae  —  Chrysomyia'— Lucilia  — Cordylobia  —  Auchmeromyia 
—Oscinids—Anthomyidae—Pupipara— References. 

FLIES. 

This  chapter  deals  with  all  those  insects  which  come  under  tht 
term  'flies.'  In  medicine  they  are  of  importance  because  of  either 
their  blood-sucking  habits,  through  which  they  are  able  to  dis- 
seminate animal  parasites,  or  of  their  capability  of  carrying  germs 
on  the  hairs  of  their  legs  and  body,  or  in  their  alimentary  canal. 
These  germs  are  liable  to  be  deposited  on  food,  either  by  being 
brushed  j^off  the  hairs  or  by  being  deposited  with  the  fsecal 
matter  of  the  flies.  Further,  their  larva  are  apt  to  enter  the 
skin  or  the  alimentary  canal,  and  cause  irritation  and  disease  in 
this  way. 

Continuing  the  classification  of  the  Diptera  already  given,  the 
first  group  included  in  this  chapter  is  the  section  Brachycera. 

SUBORDER  I.     ORTHORRHAPHA. 

SECTION  BRACHYCERA. 

The  Orthorrhapha  brachycera  may  be  divided  into  two  tribes  : 
Tribe    i.    Brachycera    Homceodactyla. — Imago    with    three 
similarly  formed  pulvilli.     Larvee  with  a  terminal  posterior  stigma. 
FamiUes  :  Tabanidae,  Leptididse,  Stratiomyidae. 

Tribe  2.  Brachycera  Heterodactyla. — Imago  with  two  or 
three  pulvilli ;  in  the  latter  case  the  middle  one  is  different  from  the 
two  lateral.  The  pulvilli  may,  however,  be  entirely  wanting. 
Posterior  stigma  of  the  larva  is  not  terminal.  Families  :  Bomby- 
liidse,  Therevidse,  Midasids,  Asilidse,  Empididse,  DoHchopodidse. 

?4';  ^s 
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TABANID^. 

Orthorrhapha  brachycera  with  broad,  flattened  bodies  and  large 
head.  The  eyes  meet  in  the  males,  but  are  separate  in  the  females. 
Antennae  with  third  joint  marked  by  five  to  six  annuli,  but  is 
generally  entire,  and  has  no  terminal  bristle.  Proboscis  strong  and 
prominent.  Thorax  narrower  than  the  head.  Wings  with  three 
basal  cells  very  prolonged.  Third  longitudinal  vein  bifurcate,  and 
two  intercalary  veins.     Legs  moderately  stout.     Empodia  large. 

The  Tabanidse  are  blood-sucking  flies,  of  which  some  1,500  to 
2,000  species  are  known.     The  blood-sucking  is  confined  to  the 


Fig.  238. — Tabanus  bovinus  (Female). 

females,  while  the  males  live  on  the  juices  of  plants.  They  are 
variously  known  as  horse-flies,  breeze-flies,  gad-flies,  serut-flies 
(Nile),  and  mangrove-flies  (West  Africa),  and  are  distributed  widely 
over  the  world.  They  are  in  the  habit  of  coming  to  water  for 
drinking  purposes,  and  this  has  enabled  them  to  be  killed  in  large 
numbers  by  sprinkling  the  water  with  kerosene,  which  probably 
prevents  them  escaping  from  the  surface  of  the  water,  and 
partially  kills  them  by  its  poisonous  effects. 

Morphology. — As  a  rule  the  head  is  as  wide  or  wider  than  the  thorax,  convex 
anteriorly,  and  concave  posteriorly,  with  very  large,  brilliantly  coloured  eyes, 
with  golden  green  or  purple  markings. 

The  antennae  are  very  distinct,  but  the  proboscis  varies,  being  very  short 
in  some  genera  and  enormously  long  in  others.  In  the  genera  in  which  it  is 
short  it  hangs  vertically  downwards  from  the  head.  It  consists  of  a  labrum, 
two  maxillae  with  palps,  two  mandibles,  a  hypopharynx,  and  a  thick  labium 
with  well-marked  labial  palps  (labellae).     The  wings  have  a  large   discoidal 


TABANINM 


547 


cell  and  very  elongate  basal  cells.  When  at  rest  the  wings  diverge  at  the 
tips.  They  may  be  mottled.  The  legs  are  large  and  strong.  The  body  is 
brown  or  black  in  colour,  but  there  may  be  markings  on  the  abdomen. 

Life-History. — ^The  eggs,  which  are  spindle-shaped,  and  either 
brown  or  black,  are  laid  in  raft-  or  flask-shaped  masses  attached  to 
water-plants.  The  larvae  live  either  in  water  or  damp  eai'th,  and 
feed  upon  other  small  animal  organisms.  They  are  spindle-shaped 
and  segmented,  with  knobs  or  protuberances  on  the  rings,  either  all 
round  or  only  ventrally. 

The  pupa,  which  is  free,  is  found  in  water  or  damp  rubbish. 

Pathogenesis. — It  is  possible  that  they  may  disseminate  try- 
panosomes.  The  diseases  mbori  in  dromedaries  in  Timbuktu,  and 
souma  in  Segon,  are  believed  to  be  spread  by  Tabanus  ditceniatus, 
while  the  dromedary  disease  of  Algeria  is  spread  by  T.  nemoralis 
Meigen  and  T.  nigritus  Fabricius.  The}^  are  among  the  suspects  for 
the  transmission  of  Filaria  loa.  T.  glaucopis  Meigen  is  infected  with 
HerpStomonas  suhulaia. 

Prophylaxis. — Kerosene  spread  on  water  appears  to  be  the  best 
method  of  dealing  with  these  pests. 

Classification. — The  family  is  divided  into  two  subfamilies  : 
Tabaninae  and  Pangoninse. 

TABANINjE. 

Tabanidae  without  spurs  on  the  hind  tibiae. 

The  important  genera  of  the  Tabaninae  may  be  recognized  by  the 
following  table  : 

I.  Thorax  and  abdomen  with  iridescent  tomentum — Lepidoselaga. 

II.  Thoraix  and  abdomen  without  iridescent  tomentum. 

1.  Eyes  bare. 

(a)  Third  joint  of  the  antenna  without  basal  tooth — 

Hcematopota. 

[b)  Third  joint  of  the  antenna  with  well-developed 

basal  tooth — Tabanus. 

2.  Eyes  pubescent. 

[a)  With  ocelligerous  tubercle — Thierioplectes. 

(b)  Without  ocelligerous  tubercle — Atylotus. 

Lepidoselaga  Macquart  1838. 

Synonym. — Hadrus. 

'Lepidoselaga  lepidota  Wiedemann  1828  the  motiica  fly  of  Brazil, 
is  a  well-known  biter. 

Haematopota  Meigen  1803. 

Synonym. — Chrysozona  Meigen  1800. 

This  genus  includes  some  sixty-two  species.  Hcematopota  pluvialis 
Linnaeus  is  a  common  European  bloodsucker.  H.  italica  Meigen 
is  another  European  species.  There  are  about  twenty  African 
species  known.  The  genus  Hippocentrum  Austen  1908,  with  species 
H.  versicolor  Austen  1908,  found  in  Uganda,  and  nearly  allied  to 
H ^m.atn'hnta  is  said  tn  be  a  biter. 
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H.  obscura  Loew  1875,  known  in  South  Africa ;  H.  gmneensis  Bigot 
i8gi,  in  the  Cameroons ;  H.  strigipennis  Karsch  1889,  in  Gabun ; 
H.  pulchrithorax  Austen  1906,  found  in  British  Central  Africa, 
Uganda,  and  the  Sudan,  may  be  mentioned  as  examples. 

Tabanus  Linnaeus  1761. 

There  are  over  900  species  of  Tabanus  known,  of  which  Tabanus 
bovinus  Linnaeus  1761  is  found  in  Europe,  Asia,  and  South  Africa.  In 
the  Sudan  these  flies  are  called  serut-flies,  of  which  T.  ditczniatus 
Macquart,  T.  gratus  Loew,  T.  socius  Walker,  T.  virgatus  Austen, 
T.  fasciatus  Fabricius,  T.  africanus  Gray,  may  be  noted.  In  West 
Africa  they  form  one  variety  of  the  mangrove-fly.  Recently  Patton 
has  described  the  life  cycle  of  a  Crithidia  (C.  tabani  Patton/1909), 
which  is  a  true  parasite  of  T.  hilarius  and  another  species. 

Therioplectes  Zeller  1842. 

A  number  of  species  of  this  genus  are  known  in  Europe. 
Therioplectes  micans  Meigen,  T.  borealis  Meigen,  T.  montanus 
Meigen,  and  T.  tropicus,  may  be  mentioned. 

Atylotus  Osten  Sacken  1876. 

Atylotus  fulvus  Meigen  and  A.  rusticus  Fabricius  are  met  with  in 
Europe. 

PANGONINiE. 

Tabanidae  with  hind  tibia  armed  at  the  tip  with  spurs. 

I.  Proboscis  short. 

1.  Antennae  longer  than  the  head — Chrysops. 

2.  Antenna  shorter  than  the  head — Silvius. 

II.  Proboscis  long. 

1.  Proboscis  little  longer  than  the  head — Cadicera. 

2.  Proboscis  usually  much  longer  than  the  head,   often 

longer  than  the  body — Pangonia. 

Chrysops  Meigen  1803. 

This  genus  is  world-wide  in  its  distribution,  and  contains  about 
160  species,  of  which  fifteen  to  sixteen  are  African,  where  they  form 
a  variety  of  the  mangrove-fly— e.g-.,  Chrysops  dimidiata  Wulp  1885  is 
found  in  the  Cameroons,  C.  distinctipennis  Austen  in  Uganda,  and 
C.  dispar  Fabricius  in  India  and  Ceylon. 

Silvius  Meigen  1820. 

This  genus  is  also  cosmopolitan— e.g.,  Silvius  denticornis  Wiede- 
mann is  known  in  South  Africa. 
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Cadicera  Macquart  1855. 
Of  this  genus,  Cadicera  melanopyga  Wiedemann  and  C.  chryso- 
sUgma  Wiedemann  are  reported  in  South  Africa. 

Pangonia  Latreille  1802. 
In  this  genus  are  gathered  about  255  species,  spread  all  over  the 
world,    and  common   in   Africa   and  Asia— e.g.,  Pangonia  rostrata 
Latreille  1764,  and  P.  varicolor  Wiedemann  1828.* 


"reRz/.__ 

Fig.  239. — Pangonia  ruppellii  Jaenn  (Female),      x  3. 

ASILIDi^:. 

Orthorrhapha  brachycera  with  long  narrow  body,  short  broad  head,  pro- 
minent eyes,  third  joint  of  the  antennas  simple.  Thorax  narrow  in  front. 
Wings  with  elongate  basal  cells,  third  longitudinal  vein  bifurcate,  two  inter- 
calary veins  present.     Empodium  with  a  horny  bristle. 

It  is  not  known  whether  the  Asilidae  are  really  blood-sucking  flies  or  not. 
It  is  suspected  that  they  bite  ia  the  tropics,  but  there  is  no  definite  infor- 
mation. 

LEPTIDiC. 

Orthorrhapha  brachycera  with  brownish,  medium-sized  or  long  narrow 
bodies  and  small  heads.  The  third  antennal  joint  is  short,  and  carries  either 
a  terminal  brush  or  bristle.  The  proboscis  resembles  that  of  the  Tabanidae, 
as  does  the  wing  venation. 

Three  genera  are  accused  of  blood-sucking  :  Leptis,  Symphoromyia,  and 
Trichopalpus. 

With  regard  to  Leptis,  the  species  L.  scolopacea  Linnaeus  and  L.  stngosa 
Meigen  are  said  to  bite  persons  in  France,  but  this  is  rare.     Symphoromyia 

*  Rhinomyza  Wiedemann  i8zo,  an  undescribed  species  of  the  genus  from 
Northern  Nigeria,  is  mentioned  by  Austen  on  Pirie's  authority  to  be  a  blood- 
sucker. 
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(species  uncertain),  chajracterized  by  a  single  spur  on  the  hind  tibia  and  a 
kidney-shaped  third  antennal  joint,  is  found  in  California.  Trichopalpus 
obsQUrus  Phil,  is  known  in  Chili. 

The  life-history  of  the  blood-sucking  species  is  not  known,  but  the  other 
larvae  of  the  Leptidae  live  upon  decaying  vegetable  matter. 

EMPID^. 

Orthorrhapha  brachycera  with  medium  or  small  bodies  and  small  heads. 
Antennae  with  the  first  two  joiuts  very  small  and  hardly  distinct,  the  third 
joint  annulated,  often  with  terminal  bristle.  Wings  with  three  large  complete 
basal  cells,  of  which  the  third  is  shorter  than  the  second.  The  posterior  basal 
transverse  vein  is  parallel  to  the  border  of  the  wing.  Empodium  membrana- 
ceous. 

It  is  doubtful  whether  these  insects  attack  man.  As  a  rule  they  live  on  the 
juices  of  other  insects  and  plants. 

The  orders  Therevididae,  Midasidas,  and  Dolichopodidae,  while  containing 
species  predatory  on  other  insects,  do  not  appear  to  attack  man. 

SUBORDER  II.     CYCLORRHAPHA. 

Section  l.  Aschiza. — This  group  includes  the  family  Syrphidse, 
of  which  no  species  is  known  to  bite  man. 

Section  2.  Schizophora. — This  group  includes  the  true  flies, 
which  are  classed  into  :  Tribe  i.  Muscidse  acalyptratae,  without 
squamae  covering  the  halteres.*  Tribe  2.  Muscidae  calyptratae,  with 
squamae  covering  the  halteres,  of  which  the  former  is  not  of  im- 
portance to  us,  while  the  latter  include  the  following  families  : 

1.  (Estridae. 

2.  Sarcophagidae. 

3.  Muscidae. 

4.  Anthomyidae. 

Diagnostic  Table. 

A.  First  posterior  cell  of  the  wings  not  widely  open. 

I.  Antennae  small,   more  or  less  hidden  in  round  pits 

arista  single  or  plumose  ;  body  very  hairy — CEstridae. 
II.  Antenna  well  marked,  not  hidden  ;  arista  more  or  less 
plumose  ;  body  not  very  hairy. 
[a)  Arista  plumose  for  only  half  its  length,  bare  in  the 

terminal  half,  which  is  hair-Uke — Sarcophagidae. 
ip)  Arista     plumose     or     pectinate     along     its    whole 
length — Muscidae. 

B.  First  posterior  cell  widely  open — Anthomyidae. 

(ESTRID^. 
Muscidse  calyptratae  with  very  hairy  bodies,  which  cause  them 
to  resemble  bees.     Antennae  inserted  into  round  pits,  with  a  terminal 
bristle  on  the  third  joint.     Mouth  parts  rudimentary. 

*  The  family  SepsidcB  contains  the  genus  Piophila,  the  larvae  of  which  are 
called  '  cheese-mites."  Alessandrini  has  shown  that  the  larvas  of  Piophila  casei 
may  cause  intestinal  myiasis. 
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The  (Estridse  are  commonly  known  as  the  hot  or  warble  flies,  and 
are  of  interest  because  the  larvae  become  parasitic,  either  under  the 
skin,  in  the  nasal  or  pharyngeal  cavities,  or  in  the  alimentary  canal. 

A  good  example  of  the  first  kind  of  infection  is  Hypoderma  bovis 
de  Geer,  which  infests  cattle.  The  eggs  are  laid  on  the  skin  of  the 
animal,  and  are  probably  transferred  to  the  mouth  by  licking, 
whence  they  pass  via  the  oesophagus  to  the  skin,  in  which  they  form 
tumours.  It  is  found  in  Europe  and  America,  and  Peiper  has 
gathered  together  histories  of  several  cases  in  which  Hypoderma 
bovis  and  H.  diana  Brauer  have  occurred  in  man,  but  this  is  very 
rare.  The  species  which  is  commonly  found  in  man  is  Dermatobia 
cyaniventris,  which  is  described  below. 

|,  .|The  second  type  of  parasitism  is  exemplified  by  Cephalomyia 
ovis  Linnaeus  1761,  which  has  been  found  several  times  in  the  nasal 
cavities  of  man,  though  usually  found  in  sheep.  The  egg  is  laid  in 
the  nasal  cavity,  in  which  the  larvae  live  until  they  become  pupae. 

An  example  of  the  third  type  is  found  in  Gastrophilus  equi 
Fabricius.  The  eggs  are  laid  on  the  skin,  often  about  the  knees, 
and  transferred  to  the  mouth,  and  so  to  the  stomach,  by  licking. 
In  this  organ  they  live  on  the  secretions  and  contents  ;  but  though 
they  do  not  bite  the  mucosa,  they  cause  irritation.  In  due  course 
they  pass  out  of  the  alimentary  canal  with  the  faeces,  and  then 
proceed  to  pupation. 

The  genera — Gastrophilus,  Hypoderma,  and  Dermatobia — may  be 
recognized  as  follows  : 

I.  Wing  without  posterior  transverse  vein ;  the  media  runs 
towards  the  posterior  border.  First  posterior  cell  is  partly 
open.     Arista  naked — Gastrophilus  Leach  1817. 

TI.  Wing  with  posterior  transverse  vein.     The  media  at  its  end 
is  bent  towards  the  radius,  and  the  first  posterior  cell  is^ 
either  open,  partially  open,  or  closed. 

A.  Proboscis   straight,    capable   of    being    extended,    or 

entirely  rudimentary.  Antenna  1  groove  with  small 
angular  dividing  wall.  Palpi  absent  —  Hypoderma 
Latreille  1825. 

B.  Proboscis  bent  and  capable  of    being  drawn   into  a 

deep  cavity  on  the  under  surface  of  the  head,  and 
generally  hidden  therein.  Arista  with  hairs  on 
the  upper  side.  Third  antennal  joint  much  longer 
than  the  first  two — Dermatobia  Brauer  i860. 

Dermatobia  Brauer  i860. 

Dermatobia  cyaniventris  Macquart  1843. 

Synonyms.— Cw^ere&ra  noxialis  Goudot  1845,  Dermatobia  noxialis 

Brauer  i860.  ,    ^,       ^         .  , . 

There  appears  to  have  been  great  doubt  as  to  whether  D.  noxtatts 

is  the  same  as  or  different  from  D.  cyaniventris.     At  present,  on  the 

strength  of  R.  Blanchard's  observations,  it  is  usual  to  look  upon 
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them  as  the  same.     The  larva  of  this  species  is  found  in  the  skm 
of  man  in  tropical  America  at  times,  and  is  known  by  various  local 
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Fig.  240. — Derm.\tobia  cyaniventris  (Female),      x  3. 

names  :   '  Ver  moyoquil '  in  Mexico  ;    '  ver  macaque  '  in  Cayenne  ; 

'  cormollote  '  in  British  Guiana  ;  '  torcel '  in  Venezuela  ;  '  nuche  '  in 
Colombia  ;  '  ura  '  and  '  berne  '  in  Brazil ; 
'  anal  coshol '  in  British  Guiana  ;  '  nuche ' 
or  '  gusano  '  in  New  Granada. 

The  fly,  which  has  a  yellowish  head  and 
dark  blue  abdomen,  is  supposed  to  lay  its 
eggs  on  the  skin  of  domestic  and  wild 
animals  and  man.  The  larvse  from  these 
eggs  are  supposed  to  enter  the  skin.  The 
usual  areas  affected  are  the  head  or 
trunk. 

The  larva  presents  two  quite  different 
appearances.  In  the  first  they  are  club- 
shaped,  white  in  colour,  with  a  thick 
anterior  and  a  thin  posterior  end.  The 
anterior  portion  is  beset  with  booklets, 
and  has  two  strong  oral  hooks.  The 
posterior  end  carries  the  stigmata. 
If  left  to  themselves,  the  larvae  will  remain  in  the  skin  for  some 

time,  after  which  an  abscess  forms,  and  they  are  thrown  out.  drop 

on  to  the  ground,  and  become  pupae,  and  finally  imagos. 


Fig.  241. — Dermatobia 
cyaniventris  (young 
Larva),      x  3. 

(After  Blanchard.) 
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We  have  seen  larvae  resembling  these  in  the  skins  of  Europeans 
in  Africa,  and  similar  observations  have  been  made  by  Plehn, 
Strahan,  Kolb,  Nagal,  Arnold,  and  Smith  and  others,  but  whether 
these  are  D.  cyaniventris  or  some  other  species  has  not  been 
determined. 

Pathogenesis. — They  cause  pain  and  itching  at  the  infected  spot, 
with  swelling  and  oedema  of  the  surrounding  region,  giving  rise  to 
a  boil-like  swelling,  rather  hard,  of  a  deep  red  colour,  with  a  central 
opening. 

Treatment. — On  inspecting  the  region,  a  small  opening  will  be 
seen,  and  the  larva  may  be  noted,  showing  its  stigmata  at  times, 
and  at  other  times  disappearing  and  reappearing  like  a  jack-in-the- 
box.  There  is  no  difficulty  in  seizing  this  parasite  with  a  pair  of 
forceps  and  forcibly  removing  it,  and  then  treating  the  wound 
antiseptically.  The  Brazilians  try  to  asphyxiate  the  larva  by 
tobacco-smoke,  or  apply  some  animal  fat  to  the  opening  in  the 
little  tumour.  The  fat  is  said  to  act  by  preventing  the  larva  from 
breathing  and  compelling  it  to  leave  the  tumour.  Some  authors 
advise  the  application  of  calomel  to  the  opening,  /"w  o  ■ 

Dermatobia  (?)  kenise  Kolb. 

Kolb  described  a  reddish- brown  fly  in  East  Africa  under  this 
term. 

The  fly  behaved  like  D.  cyaniventris  in  laying  its  eggs  on  the 
skin  of  people  when  bathing.  The  larvae  entered  the  skin,  forming 
nodules.  The  natives  called  the  fly  '  ngumba.'  It  is,  however, 
possible  that  this  is  not  a  true  Dermatobia,  which  is  a  New  World 
genus. 

SARCOPHAGIDjE. 

Muscidae  calyptratee  with  large  bodies,  and  antennal  bristles 
feathery  at  the  base,  but  hair-like  and  very  fine  at  the  tip.  Legs 
stout.     First  posterior  cell  closed  or  only  shghtly  open. 

The  Sarcophagidae-  are  the  blow-flies,  of  which  S.  canaria  is 
common. 

Genera. — Sarcophaga,  Sarcophila,  Cynomyia. 

Sarcophaga  Meigen  1826. 

It  is  by  no  means  uncommon  in  the  tropics  to  find  ulcers,  and 
especially  syphilitic  erosions  of  the  nose,  infected  with  larvae  of  flies, 
which  may  belong  to  S.  canaria  Linnaeus  1758  or  to  S.  magnifica 
Schiner  1862,  synonym— S.  wohlfahrti  Portschinsky  1875,  which  is 
found  in  Europe,  especially  in  Russia. 

The  larvae  of  both  have  also  been  found  in  several  cavities  of  the 
human  body,  and  those  of  the  former  in  the  ahmentary  canal. 
Peiper  gives  the  following  as  causes  of  intestinal  myiasis  :  S.  affims, 
S.  canaria  Linnaeus  1761,  S.  hcBmorrhoidalis  Fallen  1810,  S.  hcema- 
todes. 
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Sarcophila  Rondani  1856. 
The  larvffi  of  species  of  tliis  genus— e.g.,   S.   meigeni  Schmex, 
S.  latifrons  Fall.,  and  S.  ruralis  Fall.— may  also  be  found  m  ulcers, 
etc.,  in  Germany,  Austria-Hungary,  and  France. 

Cynomyia  R.  Desvoidy  1830. 
Cynomyia  mortuorum  Linngeus  1761  is  believed  to  infect  ulcers 
with  its  larvae. 

MUSCID.S;. 

Muscidce  calyptratae  with  stout  bodies  and  short  thoraces. 
Arista  either  entirely  plumose  or  pectinated.  The  first  posterior 
cell  is  either  only  slightly  opened,  or  else  closed  at  the  border  of 
the  wing. 

The  Muscida  include  a  number  of  important  genera,  which  may 
be  recognized  by  the  following  table  : 

A.  Proboscis  long  ;  adapted  for  biting. 

[a)  Palpi  thin,  shorter  than  the  proboscis. 

(i)  First  posterior  cell  o-pen—Stomoxys. 

(2)  First  posterior  cell  closed — Beccarimyia. 

[b)  Palpi  thickened,  as  long  as,  or  nearly  as  long  as,  the 

proboscis. 

(i)  Palpi  club-like,  with  only  the  tip  thickened. 
Vertical  diameter  of  the  head  not  greater  than 
the  antero-posterior.     Eyes  oval — HcBmatohia. 

(2)  Palpi  thickened  from  base  to  apex.  Vertical 
diameter  of  the  head  greater  than  the  antero- 
posterior.    Eyes  kidney-shaped — Ly-perosia. 

[c)  Palpi  strongly  buUt  everywhere,  not  thickened. 

(i)  Proboscis  thick,  less  than  twice  the  head  length. 
Arista  with  few  unbranched  hairs.  Median 
(fourth  longitudinal  vein)  of  the  wings  without 
sharp  bends — Glossinella. 

(2)  Proboscis  thin,  more  than  twice  the  head  length, 
swollen  at  the  base.  Arista  with  many  branched 
hairs.  Media  (fourth  longitudinal)  with  two 
sharp  bends — Glossina. 

B.  Proboscis  short,  not  adapted  for  biting. 

(«)  Mid-tibia  without  bristle  on  inner  side — Musca. 
(b)  Mid-tibia  with  bristles  on  inner  side. 
(i)  Thorax  blackish — Calliphora.  ■ 

(2)  Thorax  black,  with  whitish  stripes — Chrysomyia. 

(3)  Thorax  unicoloured— Z-MciWa. 
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STOMOXYDINiE. 

Stomoxys  Geoffry  1764. 

The  genus  Stomoxys  is  cosmopolitan  in  its  distribution.  The 
type  species  is  S.  calcitmns. 

Stomoxys  calcitrans  Linnseus  1761. 

S  calcitrans  is  the  common  stable-fly,  found  in  houses,  stables, 
and  in  the  open  near  cattle.  It  bites  all  classes  of  mammals,  and 
in  so  doing  is  suspected  of  spreading  trypanosomes,   especially 


Fig.  242. — Stomoxys  calcitrans  (Female). 

T.  evansi.     Manders  considered  S.  nigra  Macquart  1850  to  be  the 
cause  of  the  spread  of  surra  in  Mauritius. 

It  is  rather  like  the  common  house-fly,  but  is  easily  recognized 
by  the  head  being  raised  in  the  resting  position,  by  the  projecting 
proboscis,  and  by  the  closed  wings,  touching  one  another  at  their 
bases,  and  diverging  behind. 

Morphology. — The  mouth  parts  consist  of  a  proboscis,  composed  of  rostrum, 
haustellum,  and  labellae,  which  are  bent  posteriorly,  forming  an .  elbow-shaped 
joint.  The  posterior  portion  can  be  retracted  or  projected  forwards,  and 
carries  the  chitinous  fulcrum  of  the  pharyngeal  wall,  the  maxillae,  and  their 
palps.     It  is  cone-shaped,  and  is  called  the  rostrum. 

The  structure  of  the  haustellum  or  proboscis  proper  is  very  complex.  It 
consists  essentially  of  a  labrum,  hypopharynx,  and  labium.  The  labrum  is  a 
sharp-pointed  stylet,  which  near  its  apex  bears  a  ventral  ridge  with  four 
sensory  hairs.  Posteriorly  it  is  attached  to  the  head,  where  it  forms  a  chitinous 
projection.     It  is  horseshoe-shaped  on  transverse  section,  the  ventral  opening 
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being  closed  by  the  hypopharynx,  while  laterally  its  walls,  which  expand  and 
enclose  a  cavity  containing  muscles,  articulate  with  the  labium,  thus  keeping 
the  hypopharynx  in  its  place.  The  hypopharynx,  which  contains  the 
salivary  tube,  starts  from  the  labium  and  runs  forwards,  expanding  laterally 
and  closing  in  the  labral,  pharyngeal,  or  blood  tube  mentioned  above.  Its 
lateral  expansions  contain  a  cavity.  At  its  tip  it  appears  to  be  membranous, 
which  Stephens  and  Newstead  think  by  its  flaccid  condition  prevents  ingress 
of  fluid  during  blood-sucking,  while  freely  permitting  the  egress  of  saliva. 
The  labium  is  stout  and  thick,  with  a  swollen  basal  portion,  gradually  tapering 
towards  the  proximal  and  distal  extremities,  but  less  so  basally.  Posteriorly 
it  encloses  the  labrum  and  hypopharynx,  which  it  carries  on  a  sclerite,  which 
farther  forwards  forms  the  boundary  of  the  labial  gutter,  and  is  joined  dorsally 
by  another  dorsal  hooked  sclerite.  These  sclerites  stop  at  the  base  of  the 
labellas.  Ventral  to  the  dorsal  sclerites  are  two  ventral  sclerites,  which 
anteriorly  articulate  with  a  transverse  forked  sclerite  whose  arms  run  forwards. 
To  these  arms  the  tendons  of  longitudinal  muscles  are  attached,  which  are 
capable  of  rotating  them,  causing  the  eversion  of  the  labellae.  Farther 
forward  the  two  labellae  are  strengthened  internally  by  dorsal  and  ventral 
sclerites,  while  a  pear-shaped  axial  apophysis  projects  forwards  freely  from 
the  labium.  , 

The  ventral  plate  is  obliquely  placed,  and  carries — (i)  five  teeth  ;  (2)  nine 
sets  of  petiolated  blades  ;  (3)  six  sets  of  rod-Uke  hairs  ;  (4)  five  sets  of  opercu- 
late  hairs  ;  (5)  six  sets  of  bifurcated  hairs  ;  (6)  an  anterior  dorsal  fringe  of 
hairs  ;  (7)  a  posterior  ventral  set  of  hairs  ;  (8)  ventral  phanges  or  Ups  with 
ventral  hairs  ;  (9)  dorsal  external  set  of  hairs  ;  and  (10)  latero-external  set  of 
hairs. 

Internal  Anatomy. — The  pharyngeal  tube  leads  into  the  pharynx,  whose 
wall  is  formed  by  the  chitinous  fulcrum.  The  oesophagus,  at  first  flattened, 
afterwards  cyUndrical,  passes  into  the  thorax  and  opens  into  the  ventral 
surface  of  the  proventriculus.  At  this  point  it  is  joined  by  the  duct  from  the 
crop  or  sucking-stomach,  which  is  a  large  hollow  blood  reservoir  lying  in  the 
abdomen.  The  chiUfic  ventricle  has  three  coils.  The  usual  Malpighian 
tubules,  small  and  large  intestine,  and  rectum  are  present.  The  saUvary 
glands  resemble  those  of  Musca  and  Glossina. 

Method  of  Biting. — Stomoxys  carefully  inspects  the  skin,  and 
having  selected  a  spot,  everts  the  labellae,  and  by  a  rotatory  motion 
cuts  a  hole  through  the  epidermis  by  means  of  its  teeth,  and  then, 
inserting  the  proboscis  into  the  wound,  sucks  the  blood. 

Life-History. — The  life-history  has  recently  been  studied  by 
Newstead,  who  finds  that  the  incubation  period  of  the  egg  is  two  to 
three  days,  the  life  of  the  larva  fourteen  to  twenty-one  days,  the 
pupal  stage  nine  to  thirteen  days,  making  the  total  life-cycle  twenty- 
five  to  thirty-seven  days,  but  this  may  be  considerably  prolonged 
by  the  incubation  and  larval  stages  being  lengthened  in  the  absence 
of  moisture,  or  the  presence  of  a  low  temperature. 

The  eggs  are  i  millimetre  in  length,  white,  turning  later  to  a 
cream  colour ;  coriaceous  and  reticulated ;  curved  on  one  side  and 
straight  on  the  other,  where  there  is  a  broad  deep  groove,  wider 
anteriorly,  where  the  larva  escapes.  The  number  of  eggs  varies 
from  forty-eight  to  seventy-one,  and  they  are  laid 'in  waxm  dung 
and  fermenting  grass. 

The  larva  is  11  millimetres  long,  and  tapering,  yellowish  in  colour, 
with  blackish  mouth  parts.  The  segmentation  is  not  well  marked. 
The  head  has  two  large  diverging  processes,  which  carry  the  four- 
jointed  antenna.     The  mouth  is  armed  with  a  hook-like  mandible, 
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which  carries  a  venti;al  tooth,  and  is  attached  by  means  of  a  hypo- 
stomal  sclerite  to  two  large  cephalo-pharyngeal  sclerites,  in  front  of 
the  upper  arms  of  which  is  a  small  perforated  sclerite.  The  pos- 
terior stigmata  are  two  in  number.  The  mouth-hook  is  used  for 
locomotion. 

Pupation  is  brought  about  in  two  hours  by  the  larva  shortening 
itself  and  becoming  barrel-shaped,  the  colour  turning  to  red.  The 
pupa  measures  5  to  5-5  miUimetres  in  length,  and  possesses  eleven 
visible  segments.  In  a  few  days  the  pupal  skin  is  split  along  lateral 
and  median  lines  anteriorly,  and  at  the  fourth  segment  transversely, 
and  the  imago  escapes. 

There  are  a  number  of  known  species  of  Stomoxys,  of  some  of  which  the 
following  table,  modified  from  Griinberg,  gives  the  diagnosis  : 

A.  Legs  entirely  yellow.     Wings  yellowish — S.  tceniatus  Bigot  1887. 

B.  Legs  either  entirely  black  or  largely  black  or  blackish-brown.     Wings 

clear  or  darkish  coloured. 

I.  Venter  brilliantly  white — S.  sitiens  Rondani  1873. 
II.  Venter  pale  dusky  brown,  with  characteristic  omega  mark  on  the 
thorax — S.  omega  Newstead  1907. 
III.  Venter  grey  or  yellow. 

1.  Thorax  without  clear  black  stripes.     Hinder  part  black  without 

any  markings — -S.  inornata  Griinberg  1906. 

2.  Thorax  with  clear  black  stripes.     Abdomen  with  regular  dark 

marks  or  spots. 

(a)  Knee,  tibia,  and  tarsus — at  all  events,  on  the  two  anterior 
pairs  of  legs — entirely  brown, 
(i)  Tibia  and  tarsus  on  the  anterior  and  middle  legs  light 
brown,  on  the  hind  legs  dark  brown.  Thorax  with  two 
small  brown  longitudinal  median  lines — S.  bilineata 
Griinberg  1906. 
(2)  Tibia  and  tarsus  brown  on  all  three  legs.  Thorax  with 
broad  black  longitudinal  stripes. 

Wings  blackish,  head  and  thorax  brown-yellow — 
S.  brunnipes  Griinberg  1906. 

Wings    glassy,   head   and  thorax   grey — S.   sellata 
Grunberg  1906. 
(6)  Legs  black,  with  Ught  brown  knees  or  decidedly  dark  brown 
spots, 
(i)  Wing     brushes     yellowish  -  brown,    with    black    tips. 
Abdomen     with     dark     middle     longitudinal     line. 
Second   and  third  segments  with  dark  anterior  and 
posterior  borders — S.  glauca  Griinberg  1906. 
(2)  Wing  brushes  black.      Abdomen  grey.     Both  middle 
segments  with  regularly  arranged  dark  spots  without 
dark  median  longitudinal  line. 

Second  and  third  abdominal  segments  with  one 
middle  basal,  one  side  apical  dark  spot,  and  dark 
anterior  border,  with  which  the  basal  spot  unites — 
S.  korogwensis  Griinberg  1906. 

Second    and   third   abdominal   segments   with  the 

same  dark  spots,  but  without  anterior  border-Unes— 

S.  calcitrans  Linnaeus  1761. 

Other  species  are  5.  nigra  Macq.  1850,  found  in  Mauritius  ;  S.  Kmbata  Austen 

1909,  in  India  and  Ceylon;  S.  pusilla  Austen   1909,  in  India;  and  5.  pulla 

Austen  1909,  in  India. 
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Beeearimyia  Rondani  1873. 
This  genus  is  represented  by  a  single  species,  which  was  alleged  to  bite, 
found  near  Massowah  ;   but  Griinberg  says  that  Beeearimyia  is  merely  a 
synonym  for  Rhinia  Robineau-Desvoidy.     Bezzi  says  that  it  is  a  non-blocpd- 
sucking  genus. 

Hsematobia  Robineau-Desvoidy  1830. 

Synonym. — Siphona  Meigen  1803. 

There  are  three  known  species  of  this  genus,  two  in  Europe  and  one  in  Java. 
H.  stimulans  Meigen  1824  is  the  best  known  of  these.  None  are  reported  so  far 
from  Africa,  but  H.  sanguisugens  Austen  1909  is  found  in  Kasauli,  India. 

Lyperosia  Rondani  1862. 
The  typical  species  is  L.  irritans  Linnaeus  1761,  founS  in  North  and  Middle 
Europe,  besides  which  L.  minuta  Bezzi  1892,  in  Somaliland,  is  described,  and 
Austen  says  that  undescribed  and  probably  distinct  species  are  reported  from 
West  Africa,  Sokotra,  and  Ceylon.  Recently  he  has  described  L.  punctigera 
Austen  1909  from  Uganda. 

Stygeromyia  Austen  1907. 

In  general  appearance  like  Stomoxys,  proboscis  and  palpi  like  Siphona, 
but  arista  feathered  only  on  upper  side.  Wing  with  first  posterior  cell 
narrowly  open  at  the  top. 

In  this  genus  Stygeromyiasanguinaria  Avstea  1909  is  stated  by  Yale  Massey 
to  be  a  blood-sucker  in  the  Congo  Free  State,  while  S.  maculosa  Austen  1907, 
found  in  Little  Aden,  is  inferred  to  be  also  a  blood-sucker. 

Bdellolapynx  Austen  1909. 
Flies  like   Siphona,  but  without  sexual  colour,  dimorphism,  arista  with 
long  hairs  above  and  below,  with  six  fairly  long  hairs. 

B.  sanguinolentus  Austen  1909  is  a  blood-sucker  found  in  India  and  Ceylon. 

GlOSSinella  Griinberg  1906. 

There  is  only  one  known  species,  Glossinella  schillingsi  Griinberg  1906,  found 
in  German  East  Africa.  Glossinella,  however,  may  only  be  a  synonym  of 
Lyperosia,  and  therefore  not-  a  separate  genus. 

Other  Species. — Austen  says  that  two  species  for  which  a  new  genus  will 
have  to  be  created  have  been  recently  received  from  West  Africa  and  India  ; 
probably  many  more  will  be  found  later. 

Glossina  Wiedemann  1830. 

Synonym. — Nemorhina  Robineau-Desvoidy  1830. 

Narrow  bodies,  elongate,  greyish-brown  or  yellowish-brown,  dull- 
coloured  flies,  with  the  wings  closed  flat  over  one  another,  and 
projecting  considerably  beyond  the  abdomen  when  at  rest,  with  an 
anterior  projecting  proboscis,  beyond  which  the  palpi  sUghtly  extend, 
and  to  which  they  are  closely  applied.     Base  of  proboscis  bulbous. 

This  is  the  genus  of  the  tsetse-flies,  a  name  probably  derived 
from  the  noise  which  they  make  when  flying,  and  now  used  in  a 
generic  sense.  They  were  first  named  by  Wiedemann  from  G.  longi- 
palpis,  brought  from  Sierra  Leone  by  Adam  Afzelius,  and  in  the  same 
year  Robmeau-Desvoidy  named  another  species  from  the  Congo 
Nemorhina  palpalis.  Their  bites  have  been  long  known  to  be 
dangerous  to  animals,  but  it  was  not  till  Bruce  showed  that  they 
were  the  spreaders  of  Trypanosoma  brucei  and  the  cause  of  the 
disease  nagana  in  horses,  etc.,  that  they  received  much  attention. 
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t  ^l  ^"^  ^^^"^  became  vastly  greater  when  in  1903  Bruce 
and  Nabarro  showed  that  they  were  the  spreaders  of  T.  gambiense, 
and  especially  when  Kleine  showed  that  the  transmission  was  not 
mechanical. 

The  genus  is  confined  to  Tropical  Africa  and  Arabia. 

Morphology.— The  points  in  the  morphology  to  which  attention 
should  be  paid  are  as  follows  : 

The  eyes  are  large  and  bare,  and  between  them  the  vertex  is 
depressed,  and  at  its  back  carries  ocelh.  In  front  a  deep  facial  pit 
IS  separated  by  a  transverse  impression  from  the  gena.  The  pro- 
boscis projects  horizo^tally  forwards,  while  its  bulbous  posterior 


Fig.  243. — Glossina  palpalis  (Female). 


portion  is  enclosed  in  a  fold  of  skin.  Palpi  are  rod-like,  and  clothed 
with  short  black  hairs,  and  enclose  the  proboscis.  The  antennas  are 
three-jointed,  the  first  two  being  small  and  the  third  large,  with  its 
anterior  external  angle  prominent  and  directed  forwards  and 
outwards.  At  its  base  is  attached  a  two-jointed  arista,  of  which  the 
first  segment  is  small,  and  the  second  long  and  tapering,  bearing 
some  twenty-two  fine,  curving,  branched  hairs  on  its  upper  surface 
only.     Bristles  are  frontal,  vertical,  ocellar,  and  post-medial. 

With  regard  to  the  thorax,  the  most  important  feature  is  the  wing, 
which  is  brownish,  with  a  peculiar  venation.  The  costal  vein  is 
well  marked,  and  the  subcostal  vein  (auxiliary)  joins  it  about  the 
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Fig.  244. — Diagram  of  a  Tsetse-Fly. 

(Modified  after  Austen,  from  '  Monograph  of  Tsetse-Flies.') 

He.,  head  ;  Th.,  Thorax  ;  Ah.,  abdomen  ;  Fr.  I.,  front  leg  ;  Mi.  I.,  middle 
leg  ;  Hi.  I.,  hind  leg  ;  Pr.,  proboscis  ;  Ar.,  arista ;  Fr.,  frons  ;  Oc,  occiput  ; 
Ey.,  eye  ;  Sc,  scutellum  ;  Ha.,  haltere  ;  Sq.,  squama  ;  Wi.,  wing  ;  Fe.,  femur  ; 
Ti.,  tibia  ;  Ta.,  tarsus. 

Venation  of  Wing. — la.  Subcostal  or  auxiliary  vein  ;  la,  lb,  two  portions 
of  the  costal  cell  divided  by  the  humeral  transverse  vein  ;  ic,  subcostal 
cell ;  /,  radius  i,  or  first  longitudinal  ;  2,  marginal  cell ;  //,  radius  2  and  3, 
or  second  longitudinal ;  3,  submarginal  cell ;  ///,  radius  4  and  5,  or  third 
longitudinal ;  8,  first  basal  cell ;  5,  first  posterior  cell  ;  A,  anterior  transverse 
vein;  IV,  media  or  fourth  longitudinal;  9,  posterior  basal  cell  ;  4,  diScoidal 
cell,  external  to  which  is  the  second  posterior  cell,  without  a  number  ;  B,  pos- 
terior transverse  vein  ;  C,  anterior  basal  vein  ;  V,  cubitus  i  and  2,  or  fifth 
longitudinal ;  D,  posterior  basal  transverse  vein  ;  10,  posterior  basal  cell ; 
7,  third  posterior  cell ;   VI,  anal  or  sixth  longitudinal. 

junction  of  the  inner  with  the  outer  third  in  the  extended  position 
of  the  wing,  thus  enclosing  the  costal  cell,  which  is  divided  into  two 
portions  by  the   humeral  transverse   vein.     The  radius   i   (first 
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longitudmal)  curves  forwards,  joining  the  costa  about  the  junction 
ol  the  inner  two-thirds  with  the  outer  one-third,  thus  forming  a 
very  narrow  subcostal  cell.  The  radius  2  and  3  (second  longi- 
tudinal) also  curves  forwards,  meeting  the  costal  margin  before  the 
tip  ot  the  wing  IS  reached,  as  does  the  radius  4  and  5  (third  longitudi- 
nal) ;  hence  the  marginal  and  submarginal  cells  are  long  and  narrow. 
1  he  media  (fourth  longitudinal)  is  highly  characteristic.  It  starts 
separately  from  the  preceding,  and  running  outwards,  after  meeting 
with  the  anterior  basal  vein,  curves  forwards  to  join  with  the  anterior 
transverse  vein,  when  it  bends  at  right  angles,  turning  backwards  and 
outwards  to  join  with  the  posterior  transverse  vein,  when  it  again 
turns  and  runs  obliquely  forwards  to  join  the  costal  vein  just  in  front 
of  the  tip  of  the  wing.  Between  it  and  the  radius  4  and  5  (third 
longitudinal)  he  internally  the  first  (anterior)  basal  cell,  and  exter- 
nally the  first  posterior  cell,  separated  by  the  anterior  transverse  vein, 
which  is  very  oblique.  The 
cubitus  I  and  2  (fifth  longitudi- 
nal) joins  the  anterior  basal  vein, 
marking  out  the  posterior  basal 
cell,  and  then  runs  forwards  to 
join  the  posterior  transverse  vein, 
marking  out  the  discoidal  cell, 
which  is  hatchet-shaped,  with  the 
handle  running  up  to  the  anterior 
basal  transverse  vein.  After  this 
the  vein  turns  backwards  to  join 
the  margin  of  the  wing,  delineat- 
ing the  large  second  posterior 
cell.  The  anal  (sixth  longitudinal) 
is  very  short,  being  unchitinized 
after  meeting  with  the  posterior 
transverse  basal  vein,  with  which 
it  marks  out  the  posterior  basal 
cell.  The  third  posterior  cell  is, 
however,    shown   by   its   unchitinized  trace. 


Fig.  245. — Antenna  of  a  Glossina, 

SHOWING  THE  ArISTA. 

(After  Austen,  from  'Tsetse-Flies.')] 


The  posterior  part 
of  the  wing  shows  an  incrassation  corresponding  to  anal  3  and  3. 

The  legs  are  simple,  rather  long,  with  long  claws  and  pulvilli. 

The  abdomen  is  flattened,  tapering  to  the  apex,  and  clothed 
with  short  black  hairs.  The  male  genitalia  are  characteristic.  The 
ventral  plate  of  the  sixth  segment  carries  a  patch  of  dark  hairs  on 
each  side  of  the  middle  line,  behind  which  is  the  hypopygium,  which 
is  oval,  tumid,  aad  marked  by  a  vulviform  median  groove,  the  anus, 
running  from  its  anterior  margin  backwards  to  beyond  the  middle. 

The  proboscis  shows  the  usual  rostrum  or  conical  head  projectioni 
the  haustellum,  or  proboscis  proper,  and  the  labellse. 

The  proboscis  prope>  is  composed  of  labrum,  hypopharj^nx,  and 
labium.  The  labrum  arises  from  the  basal  bulb  of  the  proboscis  in 
the  form  of  a  tube,  which  is  continuous  posteriorly  with  the  pharynx, 
while  anteriorly  it  runs  forwards,  forming  the  dorsal  Wall  of  the 
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proboscis.  In  this  position  it  articulates  by  means  of  interlocking 
teeth  with  the  labium,  while,  opening  ventrally,  it  articulates  with 
the  hypdpharynx,  which  closes  the  potential  ventral  opening. 
Farther  forwards  it  separates  from  the  labium,  and  ends  in  a  point. 
The  tube  composed  by  the  hypopharynx  and  the  labrum  is  the 
afferent  blood  or  pharyngeal  tube.  The  hypopharynx  starts  below 
the  pharynx  surrounding  the  salivary  efferent  duct,  and  pierces  the 
bulb  of  the  proboscis,  appearing  on  its  dorsal 
aspect.  Farther  forward  it  lies  in  a  groove 
on  the  labium,  articulating  laterally  with  the 
labmm  Finally  it  ends  as  a  delicate  chiti- 
nous  tube  just  posterior  to  the  labellse.  Its 
canal  is  the  salivary  tube,  or  hypopharyngeal 
canal. 

The  labium  (or  second  maxilla)  starts 
from  the  ventral  area  of  the  head,  and  is  first 
swollen  to  form  the  bulb.  Anteriorlj'  it  is 
grooved  dorsally  to  hold  the  hypopharynx 
and  the  labrum,  while  farther  anteriorly  it 
ends  in  the  labellse.  These  structures 
(labellas)  are  joined  together  in  the  ventral 
liiie,  except  anteriorly,  where  there  is  a 
V-shaped  notch,  while  dorsally  they  possess 
teeth  which  interlock. 

In  the  ventral  line  the  chitinous  floor  of 
the  labium  is  prolonged  forwards  in  the  form 
of  a  fork,  in  front  of  which  is  a  membranous 
area,  anteriorly  to  which  the  inner  wall  of 
each  labellum  becomes  divided  into  dorsal, 
median,  and  ventral  segments.  Each  seg- 
ment is  armed  with  a  series  of  about  ten 
rasps,  composed  of  some  thirty  minute  bars, 
in  front  of  which  are  two  pairs  of  teeth. 
Between  the  bases  of  the  anterior  pairs  of 
teeth  there  projects  a  fan-shaped  mass  of 
spine-like  scales. 

The    segments    are   capable    of    aversion, 
when    the  muscles  pull  backwards  the  ex- 
ternal walls  of  the  labellae.     In  this  way  the 
teeth  would  be  brought  in  contact  with  the 
skin,  and  the  wound  necessary  for  blood-suck- 
ing made,  probably  by  rotatory  movements. 
Internal  Anatomy.— The  internal   anatomy  has  been  carefully 
studied  by  Minchin,  and  does  not  materially  differ  from  that  of 
Stomoxys. 

The  pharyngeal  tube  opens  into  the  pharynx,  which  is  situated 
mainly  m  the  rostrum.  Its  walls  are  strongly  chitinized,  forming 
the  fulcrum.  The  oesophagus  runs  upwards  and  then  backwards  to 
open  into  the  proventriculus,  and  to  be  continuous  vil,  a  long 


Fig.  246. — Anatomy  of 
A  Tsetse-Fly. 

(After  Minchin,  from 
Reports  of  the  Royal 
Society.) 

I,  Pharynx;  2,  oeso- 
phagus ;  3,  proventri- 
culus ;  4,  thoracic  intes- 
tine ;  5,  duct  of  sucking 
stomach  ;  6,  saHvary 
duct ;  7,  salivary  gland  ; 
8,  sucking  stomach  ;  9, 
abdominal  intestine ;  10, 
rectum. 
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ventral  duct,  with  the  crop,  which  Hes  in  the  first  two  segments  oi 
the  abdomen.     The  chylific  ventricle  is  narrow  at  first  in  the  thorax, 
but- becomes  wider  in  the  abdomen,  where  it  coils  several  times. 
There  are  the  usual  ileum,  colon,  rectum,  and  Malpighian  tubules. 
The  salivary  glands  are  two  long  coiled  tubes  lying  first  in  the 


Fig.  247. — A  Glossina  in  the  Act  of  giving  Birth  to  a  Larva. 
(Modified  after  Newstead.) 

abdomen,  and  then  passing  into  the  thorax,  and  probably  opening 
finally  on  the  hypopharynx,  though  this  has  not  yet  been  worked  out. 

Life-History. — Glossince  live  in  jungles  or  bush,  along  the  banks  of 
streams  or  lakes.  They  appear  to  live  principally  upon  the  blood 
derived  from  big  game,  but  Koch  believes  that  G.  palpalis  lives  on 
that  of  crocodiles,  and  Hodges,  on  that  of  hippo- 
potami. Sir  David  and  Lady  Bruce  studied 
the  life-history  of  G.  morsitans,  which  produce 
yellow-coloured  larvae,  and  are  to  be  found  as  a 
rule  near  the  roots  of  banana- trees.  These  larvae 
are  composed  of  twelve  segments,  the  anterior 
of  which  carries  the  two  minute  mouth-hooks, 
and  the  posterior  a  dark  hood  or  anal  segment. 
The  larvae  retire  to  some  hole,  and  in  a  few 
hours  become  jet-black  pupae,  from  which  the 
fully  developed  insects  issue  in  about  six  weeks. 

The  pupa  is  6-3  to  7  by  3  to  y6  millimetres, 
with  twelve  segments.  The  anterior  four  show 
the  longitudinal  seam  which  bifurcates  at  the 
fourth  segment,  forming  an  opening  through 
which  the  imago  escapes.  The  first  segment 
carries  the  mouth  and  the  twelfth  two  lateral 
tumid,  tuberculated  lips,  connected  by  dorsal 
and  ventral  ridges  enclosing  a  pit,  in  which  the 
posterior  stigmata  can  be  seen. 

The  larvje  of  G.  palpalis  measure  4-5  by  175  millimetres,  and  the 
pupse  5  to  573  by  3  millimetres. 

Bionomics.— As  G.  palpalis  is  most  probably  the  sole  means  of 
propagation  of  human  trypanosomiasis,  it  is  important  to  have 
some  idea  of  what  is  known  as  to  its  bionomics,  which  have 
recently  been  carefully  studied  by  Hodges  and  Bagshaw. 

The  main  resort  of  the  fly  is  to  be  found  in  bush  near  water,  especi- 

36—2 


Fig.  248. — Pupa  of 
a  Tsetse-Fly. 

(After  Austen,  from 
'  Tsetse-Flies.') 

u,  Magnified  ;  b, 
natural  size. 
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ally  in  the  undergrowth  composed  of  shrubs,  bushes,  vines,  creepers, 
tall  grass,  cane-break  tangle,  and  herbaceous  plants.  Tall  ^  trees 
alone  will  not  afford  the  protection  necessary  for  the  fly  unless  tliey 
overhang  the  water,  or  their  foUage  reaches  so  low  as  to  mix  with 
the  undergrowth. 

The  fly  is,  however,  not  met  with  behind  a  wide  strip  of  papyrus, 
though  it  may  be  found  on  its  water  edge.  This  is  explained  by 
Bagshawe  on  the  grounds  that  papyrus  grows  best  in  shallow  water, 
which  means  that  the  ground  is  swampy,  a  condition  which  prevents 
the  fly  from  depositing  its  larvae.  From  a  resort  such  as  this  a  fly 
can  travel  for  feeding  purposes,  or  be  carried  by  attraction  or 
artificial  means.  It  appears  probable  from  Bagshawe's  experiments 
that  a  single  flight  will  not  reach  70  to  80  yards,  but  flies  can  be 
carried  to  almost  any  distance  by  the  agency  of  boats  and  floating 
islands  of  papyrus.  Human  traffic  also  increases  the  dissemination 
of  the  fly,  as  it  is  apt  to  pursue  human  beings  for  considerable 
distances. 

Female  flies  appear  to  travel  farther  in  search  of  food  than  males, 
probably  because  they  more  urgently  require  it.  Bagshawe  suggests 
that  this  can  be  made  use  of  in  finding  the  breeding-grounds,  where 
he  says  plenty  of  males  as  well  as  females  are  to  be  found,  while 
females  alone  may  be  met  with  at  some  distance  therefrom.  The 
feeding  range,  therefore,  varies  considerably. 

Flies  bite  mostly  during  the  middle  part  of  the  day,  and  not  so 
much  at  dawn  or  in  the  late  afternoon. 

According  to  Hodges,  the  chief  conditions  required  for  a  breeding- 
ground  are  loose,  dry,  friable  earth,  situate  not  more  than  20  yards 
away  from  the  high-water  mark  of  a  stream,  and  protected  from  sun 
and  rain  by  the  shade  of  trees  and  undergrowth. 

Such  conditions  are  found  on  steep  banks  along  lakes,  rivers, 
water-courses,  etc.,  and  the  larvae  are  to  be  looked  for  at  the  bases 
of  shrubs  and  trees,  in  the  undergrowth,  and  in  earth-filled  hollows 
in  tree-trunks  and  branches  at  no  great  distance  from  the  ground. 

Bagshawe  found  the  larvae  principally  at  the  roots  of  bananas 
with  scrub  and  water  in  the  immediate  neighbourhood ;  at  the  roots 
of  a  shrub  called  Allophyllus,  belonging  to  the  Sapindaceae,  especi- 
ally in  the  dry  season ;  at  the  roots  of  large  figs  and  of  the  wild  date- 
palm  {Phoenix  reclinata) ;  while  he  also  found  a  few  pupae  in  dry  earth 
sheltered  by  overhanging  rocks  on  wooded  banks. 

The  breeding  season  appears  to  be  at  the  commencement  of  the 
rains,  as  Bagshawe  generally  found  empty  pupal  cases  in  the  dry 
season. 

The  pupae  apparently  have  their  enemies  which  eat  them.  These 
are  minute  winged  insects  probably  belonging  to  the  Chalcididae, 
though  this  is  not  definitely  known. 

Classification. — Austen's  classification,  slightly  modified,  is  as  follows  : 
A.  Hind  tarsi  entirely  dark  {female  of  Glossina  tachinoides;  basal  half  of  first 
and  extreme  bases  of  succeeding  joints  pale). 
I.  Ground  colour  of  abdomen  ochraceous  buff,  with  interrupted  dark 
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brown  deep  transverse  bands  and  sharply  defined  pale  hind  borders 
to  segments.  A  very  conspicuous  square  or  oblong  pale  area  in  the 
centre  of  the  second  segment.  Small  species :  Body-length  7  milli- 
metres— (i)  G.  tachinoides  Westwood  1850. 

II.  Abdomen  very  dark ;  pale  area  in  second  segment  usually  triangular. 
Large  species. 

1.  Third  joint  of  the  antenna  dusky  brown  to  cinereous  black — 

Body-length  8  to  9  millimetres— (2)   G.   palpalis.      Robineau- 
Desvoidy  1830. 

2.  Third  joint  of  antenna  pale.     Body-length  8  to  9  millimetres — 

(3)  G.  palUcera  Bigot  1 89 1 .  ' 

B.  Hind  tarsi  not  entirely  dark. 

I.  Small  species:  8  to   10  millimetres  body-length.     Length  rarely  11 
millimetres.     Wing  expanse  not  more  than  25  millimetres. 
(a)  Last  two  joints  of  front  and  middle  legs  with  sharply  defined 
dark  brown  or  black  tips, 
(i)  Large  species  :  Wide   head,  darker   anteriorly  ;    abdomina 

bauds  deep — (4)  G.  longipalpis  Wiedemann  1830. 
(2)  Smaller  species  :  Narrower  head — (5)  G.  momtoMS  Westwood 
1850. 
(6)  Last  two  joints  of  fore  and  middle  tarsi  pale.     Body-length  8  to 
10  millimetres — (6)  G.  pallidipes  Austen  1903. 

II.  Large  species  :  Body -length  11  to  13  millimetres.     Wing  expanse  25 
millimetres  at  least. 

(a)  Dorsum  of  thorax  with  four  sharply  defined  small  black  spots 

— (7)  G.  longipennis  Corti  1895. 

(b)  Dorsum  without  spots — (8)  G.  fusca  Walker  1849. 

A  species,  G.  maculata,  is  described  by  Newstead,  but  it  may  only  be  a 
variety  of  G.  palpalis.  It  was  described  from  only  one  damaged  specimen,  and 
Newstead  says  that  it  looks  very  like  a  dark  specimen  of  G.  palpalis. 

MUSCIN^. 

Musca  Linnaeus  1761. 

Musea  domestica  Linnaeus  176 1. 

Musca  :  face  in  its  lower  part  silky  yellow,  shot  with  blackish- 
brown.     Median  stripe  black  ;  antennae  brown  ;  palpi  black. 

Thorax  dusty  grey,  with  four  equally  broad  longitudinal  stripes. 

Scutellum  grey,  with  black  sides.  Wings  tinged  pale  grey  with 
yellowish  base.  Legs  blackish-brown.  Abdomen  yellowish,  with 
dorsal  blackish-brown  line,  except  the  last  segment,  which  is  entirely 
blackish-brown.  Eyes  separated  by  a  wide  frontal  stripe  in  the 
■  female,  and  near  together  in  the  male.  Length,  6  to  7  millimetres  ; 
wing  breadth,  13  to  15  miUimetres. 

It  has  been  known  for  many  years  that  flies  can  carry  micro- 
organisms on  their  legs.  In  iSSS'  Celli  proved  that  flies,  fed  upon 
pure  cultures  of  typhoid  bacilli,  were  able  to  transmit  virulent 
bacilli  with  their  excrement.  Early  observations  also  proved  that 
flies  were  capable  of  transmitting  cholera.  In  the  Spanish-American 
War,  in  the  Army  Concentration  Camps  of  1898,  flies  were  found 
to  be  spreaders  of  typhoid.  Lime  was  sprinkled  on  the  fascal  pits, 
and  the  flies  on  the  soldiers'  mess-table  were  noticed  to  have  their 
legs  whitened  with  the  lime. 
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The  flies  which  breed  in  human  excrement  in  America  are  : 
(i)  Musca  domestica,  house-fly  ;  (2)  Drosophila  ampelophila,  fruit- 
fly;  (3)  Fannia  canicularis,  little  house-fly;  (4)  F.  hrevis,  little 
house-fly;  (5)  Stomoxys  calcitrans,  stable-fly;  (6)  Phom  femorata; 
(7)  Sarcophaga  trivialis. 

Of  these  the  most  common  are  the  house  and  the  stable  flies. 
The  house-fly  is  98  per  cent,  of  all  flies  infesting  houses. 

In  the  Boer  War  of  1900-02  flies  were  held  to  be  great  spreaders 
of  typhoid.  In  1902  a  paper,  entitled  'An  Inquiry  into  the  Influence 
of  Soil,  Fabrics,  and  FUes  in  the  Dissemination  of  Enteric  Infec- 
tion,' was  published  by  Firth  and  Horrocks  in  the  British  Medical 
Journal,  and  they  showed  that  the  ordinary  house-fly  (Musca 
domestica)  can  convey  enteric  infective  matter  from  excreta  or 
polluted  materials,  or  objects  on  which  they  may  walk,  rest,  or 
feed.  Such  infective  matter  appears  to  be  attached  to  their  heads 
(mandibles),  legs,  wings,  and  bodies.  Klein  has  recently  grown 
the  typhoid  bacilli  from  flies  caught  in  an  infected  area. 

Fhes  have  long  been  accused  of  being  the  spreaders  of  dysentery, 
and  recently  this  view  has  been  experimentally  proved  by  several 
authors,  including  one  of  us.  Other  diseases,  including  intestinal 
myiasis,  are  said  to  be  spread  by  flies. 

The  flies  found  by  Newstead  in  houses  in  Liverpool,  or  bred  from 
refuse  and  excreta,  were  Musca  domestica  in  quite  90  per  cent,  of 
all  flies,  while  the  other  species  met  with  were :  Calliphora  erythro-  ^ 
cephala,  the  blow-fly  ;  Scalophaga  siercoraria,  the  dung-fly ;  Borborus 
equinus,  a  small  fly ;  Stomoxys  calcitrans,  the  stable-fly :  Fannia 
canicularis  ;  F.  scalaris  ;  Anthomyia  radicum,  the  root-fly  ;  Psy- 
choda  phalcBnoides,  the  owl-midge. 

Morphology. — The  vertex  shows  three  ocelli,  situated  on  a  slightly  raised 
ocellar  triangle,  which  is  surrounded  by  another  triangle,  the  vertical  triangle. 
Between  the  upper  and  lateral  edges  of  the  clypeus  (face)  and  the  lower  edge 
of  the  epicranium  can  be  seen  the  crescentic  opening  of  the  ptilinum. 

The  proboscis  consists  of  the  rostrum,  the  haustellum  (proboscis  proper), 
and  the  labellae.  The  rostrum  is  a  truncated  cone  containing  the  pharynx ; 
the  haustellum  is  grooved  anteriorly  to  contain  the  labrum,  epipharynx,  and 
the  hypopharynx.  Posteriorly  it  is  strengthened  by  a  sclerite  called  the 
'  theca,'  which  distally  carries  the  fork  (furca). 

'  The  labrum  and  the  epipharynx,  with  the  hypopharynx,  as  is  usual,  form 
the  pharyngeal  tube,  while  the  hjrpopharynx  contains  the  salivary  or  hypo- 
pharyngeal  tube.  The  labellse  are  complicated  organs  with  a  number  of 
channels  (pseudo-tracheae)  on  their  distal  surface. 

Each  labellum  has  lobes  anterior,  middle,  and  posterior,  with  respectively 
twelve,  twenty-one,  and  three  channels,  which  eventually  run  to  the  oral 
aperture,  which  lies  at  the  base  of  the  oral  pit.  This  pit  is  kept  open  by  two 
discal  sclerites.  In  the  oral  pit  the  pseudotracheae  cease,  and  the  sides  of  the 
channels  are  covered  by  overlapping  teeth. 

The  pro-  and  meta-thoraces  are  much  reduced,  while  the  mesothorax  is  well 
developed,  and  shows  a  typical  structure.  The  venation  of  the  wings 
may  be  briefly  described  by  saying  that  the  costa  and  subcosta  are  well 
marked,  and  the  usual  costal  and  first  costal  cells  are  present.  Radius  i 
cuts  off  the  subcostal  cell  ;  R.  2  and  3  the  first  radial,  and  R.  4  and  6  the 
third  radial ;  while  Media  i  and  2  bound  the  radial  and  fifth  radial  cells, 
which  are  separated  by  the  radio-median  nerve.  Median  3  and  Cubitus  i 
cut  off  the  median  and  second   median  cells,  which  are  separated  by  the 
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medio-cubital  vein.  The  anal  vein  is  incomplete,  and  therefore  does  not 
separate  the.  cubital  and  anal  cells. 

The  abdomen'  consists  of  eight  segments  in  the  male,  and  nine  in  the  female. 
The  first  segment  in  both  sexes  is  rudimentary,  and  fused  with  the  second. 
The  second,  third,  fourth,  and  fifth  are  well  developed.  The  sixth,  seventh, 
and  eighth  in  the  male  are  atrophied,  and  surround  the  anal  and  genital 
orifices.  The  sixth,  seventh,  eighth,  and  ninth  in  the  female  form  the  long 
ovipositor,  which  can  be  retracted  into  the  abdomen. 

The  pharyngeal  tube  mentioned  above  ends  in  the  pharynx,  which  has  a 
chitinous  wall,  the  fulcrum.  The  oesophagus  runs  into  the  thorax,  where  it 
opens  into  the  proventriculus,  and  sends  a  long  duct  to  the  trilobed  crop  which 
lies  in  the  abdomen.  The  proventriculus  is  really  a  valve  which  leads  to  the 
chylific  ventricle.  This  tube  is  narrow  in  front  and  wide  behind,  and  much 
coiled.  At  the  junction  with  the  Malpighian  tubes  it  becomes  the  intestine, 
which  runs  to  the  rectum.     There  are  the  four  usual  rectal  glands. 

The  salivary  glands  are  two  long  tubes  whose  ducts  unite  in  the  head  and 
open  into  the  salivary  duct  of  the  hypopharynx.  The  labial  glands  lie  in  the 
proboscis  at  the  base  of  the  labellas,  and  by  their  secretion  keep  the  tip  moist. 

The  reproductive  organs  consist  in  the  female  of  ovaries,  spermathecae. 
accessory  glands  and  ducts,  and  the  ovipositor.  In  the  male  they  consist  of 
testes,  vasa  deferentia,  an  ejaculatory  duct,  and  penis. 

The  Life-History. — ^This  was  first  studied  by  de  Geer  in  1752-78, 
next  by  Bouche  in  1834^.  Packard,  junior,  in  1873,  and  more 
recently  by  ourselves  and  a  number  of  other  people.  The  most 
recent  works  are  those  by  Newstead  in  Liverpool  and  Hewitt  in 
Manchester. 

The  house-flies  lay  their  eggs  by  preference  in  human  faecal 
matter  when  somewhat  decomposed,  in  horse-manure,  goat-inanure, 
cow-dung,  and  in  fermenting  vegetable  substance,  on  which  the 
larvae  can  feed  when  hatched. 

But  these  grubs  can  eat  textile  fabrics  and  paper  when  ^n  need 
of  nourishment.  Usually'  the  fly  works  its  way  into  the  rubbish- 
heap  or  loose  earth  to  lay  its  eggs,  but  this  is  not  invariable. 

The  time  required  for  the  development  to  be  gone  through 
depends  upon  the  temperature  of  the  air,  being  most  rapid  from 
22°  to  35°  C.  ;  upon  the  food,  being  more  rapid  when  animal  food 
is. available  ;  on  moisture,  which  is  most  necessary  ;  and  upon  fer- 
mentation, which  is  also  necessary.  The  egg  takes  from  one  to  three 
days  to  hatch  into  the  larva,  which  lives  rather  less  than  a  week, 
and  then  turns  into  the  pupa,  which  produces  the  imago. 

The  whole  time  required  is  usually  twelve  to  twenty  days,  and 
never  less  than  eight  days. 

Aldridge  gives  the  following  table  for  India  : 

Stage.  Hot  weather.  Cold  weather. 

Eggs  . .         One  day  . .         Two  days. 

Larva;        . .         Five  days  . .         Fourteen  days. 

Pupae         . .         Three  days         . .         Five  days. 

In  Colombo,  Ceylon,  we  found  the  development  to  be  quick,  and 
to  resemble  the  times  given  in  Aldridge's  hot-weather  table. 

The  imago  becomes  sexually  mature  in  ten  to  fourteen  days, 
and  eegs  are  laid  as  soon  as  the  fourth  day  after  fertilization  usually 
120  to  150  eggs  being  laid  in  a  batch.  The  egg  is  cylindrically  oval 
being  broader  posteriorly,  and  has  two  curved  ribs  along  its  aorsaJ 
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aspect.  It  hatches  by  splitting  at  the  dorsal  portion  of  the  anterior 
end.  The  larval  life  is  divided  into  periods  or  insta:rs  by  the 
ecdyses. 

First  Instar.—The  larva  is  2  millimetres  in  length,  with  a  slender 
body,  the  head  being  at  the  narrow  end,  with  a  spiny  area  on  the 
anterior  ventral  edge  of  each  segment,  and  posteriorly  two  stigmatal 
openings.     This  stage  lasts  twenty-four  to  thirty-six  hours. 

Second  Instar.—The  larva  develops  a  pair  of  anterior  spiracles. 
This  stage  lasts  twenty-four  hours. 

Third  Instar.— The  larva  eats  vigorously  for  the  first  two  days, 
and  then,  ceasing  to  feed,  still  increases  in  size.  This  stage  lasts 
three  to  four  days,  and  ends  in  pupation.  The  larva  has  a  well- 
developed  alimentary  canal. 

Pupation. — Pupation  takes  place  in  three  to  four  hours,  and 
consists  of  the  larvae  contracting  (especially  anteriorly)  inside  its 


Fig.  249. — Chrysomyia  macellaria  (Female),      x  4. 

own  skin,  from  which  a  puparium  with  rounded  ends  is  formed, 
length  about  6-3  millimetres,  which  is  at  first  creamy  yellow,  but 
later  becomes  dark  brown. 

This  is  a  typical  coarctate  pupa,  around  which  the  spiral  loco- 
motory  pads  may  be  seen. 

Pupa. — ^The  pupal  stage  lasts  about  three  to  five  days,  when  the 
imago,  dilating  its  frontal  sac,  ruptures  the  anterior  end  into  dorsal 
and  ventral  portions,  the  whole  separating  by  a  circular  split  at  the 
sixth  segment. 

The  young  fly  is  at  first  underground  or  in  the  middle  of  a  rubbish- 
heap,  through  the  interstices  of  which  it  makes  its  way  to  the  surface 
by  the  aid  of  its  ptilinum  or  frontal  sac.  When  first  hatched  it  is 
rather  grey  in  colour,  and  has  to  allow  its  wings  to  dry  before  it  is 
able  to  fly. 
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Calliphorinse  Brauer. 
Calliphora  Robineau-Desvoidy  1830. 

These  are  the  blow-flies  or  bluebottles,  of  which  C.  erythrocephala  Meigen,  is 
the  common  species.  ^  f  &     ■ 

Row  of  bristles  on  the  hypopleura. 

Chrysomyia    Robineau-Desvoidy  1830. 
Chrysomyia  maeellaria  Fabricius  1794. 

Synonyms.— MMSca  maeellaria  Fabricius  1794 ;  Lucilia  maeellaria 
R.-D.,  1830;  L.  hominivorax  Coquerel  1858;  Calliphora  infesia 
Philippi  1861  ;  C.  maeellaria  Jorge  1878  ;  C.  anthropophaga  Conil 
1878  ;  Compsomyia 
ruhrifrons  Macquart ;  ^ 
Somomyia  montevi- 
densis  Bigot. 

This  fly  lays  its 
eggs  on  wounds  and 
in  the  cavities  of  the 
body.  The  larvae 
from  these  eggs  are  Fi°-  250. — Chrysomyia  macellaria  (Larva),  x  4 
composed  of  twelve  (After  Blanchard.) 

segments,     armed 

with  minute  spines.  They  burrow  into  the  tissues,  consuming  even 
bone  if  it  comes  in  their  way,  and  are  therefore  liable  to  produce 
fatal  results.  It  .is  found  in  North  and  South  America  and  the 
West  Indies. 

Treatment. — Injections  of  chloroform  water  are  the  best  means  of 
getting  rid  of  the  larvae,  but  the  frontal  and  other  sinuses  may  have 
to  be  opened  to  remove  them  if  in  large  numbers. 

Lucilia  Robineau-Desvoidy  1830. 

Flies  of  this  genus — 'e.g.,  L.  ctssar  Linnaeus  and  L.  sericata — deposit  their 
eggs  on  ulcers. 

L.  nobilis  Meigen  has  been  found  in  the  auditory  meatus.  According  to 
Peiper,  L.  ctssar  Linnaeus  and  L.  regina  Macy  have  been  recognized  as  causes 
of  intestinal  myiasis. 

Cordylobia. 
Cordylobia  anthropophaga  Griinberg. 

Synonym. — Ochromyia  anthropophaga  E.  Blanchard. 

The  larva  of  this  fly,  which  is  called  '  ver  du  Cayor,'  because  it 
was  first  noticed  in  Cayor,  in  Senegambia,  burrows  into  the  skin  and 
causes  a  painful  swelling.     It  extends  from  Senegal  to  Natal. 

Life-History  and  Morphology. — It  is  not  certain  whether  the  fly 
lays  its  eggs  upon  the  ground  or  upon  the  clothing  of  people  and  the 
skin  of  animals.  Hence  it  is  not  known  whether  the  larva  creeps 
from  the  ground  on  to  the  human  being  or  animal,  or  hatches  in  the 
clothing  and  simply  enters  the  skin. 
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The  larva,  whicli  measures  about  12  millimetres,  is  composed  of 
twelve  segments,  of  which  the  anterior  or  cephaJic  is  bluntly  pointed 
in  front  and  truncated  behind,  and  carries  two  black  mouth  booklets 


Fig.    251. CORDYLOBIA  ANTHROPOPHAGA   (FeMALE).      X  4. 

on  its  ventral  surface.  External  to  these  booklets  lie  the  antennal 
protuberances.  On  the  third  to  the  eleventh  segments  there  are 
minute,  rather  characteristic,  brownish,  chitinous,  recurved  spines. 

The  greatest  breadth  is  at  the  level  of 
the  sixth  to  seventh  segments,  while  the 
last  segment  has  a  flattened  posterior 
surface  which  carries  the  posterior  stig- 
mata. The  pupa  measures  iO'3  by  4-6 
millimetres,  and  looks  like  any  ordinary 
muscid  pupa. 

The  fly  measures  9-5  milHmetres,  and 
has  a  yellowish-coloured  bead,  body, 
and  wing.  The  thorax  is  marked 
dorsally  by  longitudinal  dark  stripes, 
while  the  abdomen  has  also  blackish 
markings,  and  the  wings  are  of  a 
brownish  tinge.  The  female  is  distin- 
guished from  the  male  by  the  eyes  being 
separated  by  a  broad  frontal  stripe ;  in 
the  black  colour  of  the  third  and  fourth 
abdominal  (except  the  margin)  segments  ; 
and  in  the  blackish  quadrangular  median 
patch  on  the  second  abdominal  segment.  In  the  male  the  eyes 
join.    The  larva  is  parasitic  in  men,  monkevs,  and  dogs. 

Lund's  Larva.— Under  this  term  a  larva  is  described  as  occurring 
m  the  Congo  Free  State  which  possesses  habits  similar  to  those  of 
Cordylobia  anthropophaga. 


Fig.  252. — Larva  of  Cordy- 
lobia ANTHROPOPHAGA. 

(After  Austen.) 
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Auchmeromyia. 

Auchmeromyia  luteola  Fabricius  1805. 

Synonym.— ikfMsca  luteola. 

fJ^A  i^^'X^  "^  ^^^  %  is  c^"ed  the  '  Congo  floor-maeeot '     It  was 

hutfto  t^hf  H  **^?'  T°^''  ^^  ^h^i^ty,  liv4  in  the  Ifor  of  natTw 

huts  to  the  depth  of  3  inches.     At  night  these  larva  came  out,  and 


Fig.  253. — Auchmeromyia  luteola  (Female),     x  3. 

sucked  the  blood  of  persons  sleeping  on  the  ground,  or  on  beds  but 
little  raised  therefrom,  but  not  on  high  beds. 

The  native  names   for   the  larvae   are,    '  Mabinzu,'    '  Nchichi,' 
Ntunga,'  '  Mvidi,'  and  '  Kiso.' 

The  Fly.— The  fly  is  widely  distributed  in  tropical  and  sub- 
tropical Africa.  ^It  is  10  to  12  millimetres  in  length,  tawny 
in  colour,  with  small 
black  hairs  giving  it 
a  smoky  appearance. 
The  head  is  large,  as 
broad  as  the  thorax. 
The  eyes  are  separated 
by  a  considerable 
space.  The  proboscis 
IS  folded  beneath  the  Fig.  254. — Auchmeromyia  luteola  (Larva),  x  3. 
head    into    a    deep 

groove.  The  palpi  are  club-shaped,  with  a  long  yellow,  flattened, 
third  joint,  which  carries  an  arista  with  black  hairs  on  its  upper 
and  lower  borders. 

The  dorsum  of  the  thorax  is  marked  by  longitudinal  black  and 
brown  stripes,  and  shows  a  well-marked  transverse  suture.  The 
squamae  are  large,  yellow  in  colour,  and  cover  the  halteres.     The 


572  BIOLOGICAL  CAUSES  OF  DISEASE— FLIES 

first  abdominal  segment  has  a  narrow  dark  line  posteriorly,  the 
second  a  central  median  dark  line,  which  joins  with  a  posterior  dark 
line.  The  third  segment  is  dark  brown,  except  for  a  narrow  yellow 
anterior  streak.  The  fourth  segment  is  dark-coloured,  with  a 
posterior  light  brown  band.  The  fifth  segment  is  small,  and  contains 
the  genital  apparatus. 

The  legs  are  buff-coloured,  with  black  hair  and  bristles.  The 
fifth  tarsal  joint  is  jet-black,  and  has  a  large  cream-white  pulvillus. 

Life- History.— The  fly  deposits  its  eggs  on  the  ground  of  the  hut, 
especially  on  spots  on  which  urine  has  been  voided.  The  larva  is 
semitranslucent,  of  dirty  white  colour,  acephalous  and  amphi- 
pneustic,  and  has  eleven  distinct  segments.  The  first  segment  is 
divisible  into  two  portions,  of  which  the  anterior  carries  the  mouth 
parts.  The  broadest  segments  are  the  ninth  and  tenth.  There  are 
distinct  dorsal  and  ventral  surfaces,  at  the  junction  of  which  in  each 
segment  there  are  protuberances,  with  a  spine  and  a  pit.  The 
ventral  surface  is  flattened,  and  has  three  footpads  transversely 
arranged  at  the  posterior  margin  of  each  segment.  The  last  segment 
is  large,  and  carries  the  posterior  spiracles  and  the  anus. 

The  mouth,  which  is  provided  with  teeth,  leads  into  an  oesophagus, 
which  ends  in  a  proventriculus,  and  has  a  dorsal  diverticulum.  The 
ventriculus  is  short.  Malpighian  tubules  mark  the  commencement 
of  the  intestine.  The  hind  gut  is  coiled.  The  salivary  glands  are 
well  marked. 

The  larva  becomes  a  dark  brown  or  black  pupa,  9  'to  I0'5  by 
4  to  5  millimetres,  with  an  anterior  conical  and  a  posterior  rounded 
end,  and  marked  by  annular  ridges.  The  pupal  stage  lasts  two  to 
three  weeks. 

Habits. — The  fly  does  not  bite  man,  only  the  larva  as  described 
above,  which  fills  its  dorsal  oesophageal  pouch  with  blood,  and  thus 
becomes  of  a  red  colour. 

Pathogenesis. — As  far  as  is  known  it  is  non-pathogenic. 

Bengalia  depressa  Walker. 

By  an  error  this  fly  was  said  to  cause  cutaneous  myiasis  in  Natal, 
Rhodesia,  British  Central  Africa,  Uganda,  and  the  Sudan,  the  true 
causal  agent 'being  Cordylobia  anthropophaga  Griinberg.  The  life- 
history  of  B.  depressa  is  unknowii. 

OscinidsB  Latreille  1804. 

In  Ceylon  there  is  a  curious  little  fly  which  hovers  in  front  of  the  eyes,  and 
is  therefore  commonly  called  the  '  eye-fly,'  which  is  an  unknown  species  of 
the  genus  Oscinus  Latreille  1804.  This  little  fly  is  suspected  after  the 
experiments  of  Sir  Allan  Perry  and  Castellani  to  spread  the  Koch-Weeks 
bacillus,  and  to  cause  severe  conjunctivitis. 

Front  without  bristles,  crown  with  only  a  few  short  ones,  border  of  mouth 
without  vibrissaa.  Middle  tibia  with  small  spurs.  Tibiae  without  erect  bristle 
on  exterior  side  before  tip.  Costa  of  wings  without  bristles.  Auxiliary  vein 
wanting.  Anterior  of  two  small  basal  cells  united  with  discal  cell ;  posterior 
totally  wanting. 
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Anthomyidse  Latreille. 

Diptera  with  arista  naked  or  pectinate.  Thorax  with  complete  transverse 
suture.  First  posterior  cell  completely  open.  Abdominal  bristles  often 
absent. 

This  family  includes  a  number  of  genera  known  to  be  troublesome  to  man — 
Fannia  Robineau-Desvoidy,  Hylemyia  Macquart,  Hydrotisa  Robineau-Des- 
voidy — which  may  be  recognized  by  the  following  characters  :  (a)  Arista  bare 
— Fannia  ;  (6)  arista  plumose — Hylemyia  ;  (c)  arista  pubescent — Hydrottea. 

Fannia    Robineau-Desvoidy  1830. 
Fannia  canicularis  Linnaeus  1761. 

Synonyms. — Homalomyia  canicularis  Linnaeus,  Anthomyia  canicularis  Lin- 
naeus. 

This  species  has  frequently  been  reported  as  being  passed  in  human  faeces. 

The  fly  is  commonly  found  in  houses  in  Europe  and  North  America.  The 
larvae  normally  live  in  vegetables,  by  means  of  which  they  enter  the  human 
digestive  tract.     They  are  provided  with  branched  processes  on  the  segments. 

Pathogenesis. — Blankmeyer  gives  an  account  of  a  case  of  this  infection 
which  is  said  to  have  lasted  some  twelve  years,  being  associated  at  first  with 
abdominal  pain,  bloody  diarrhoea,  severe  pains  in  the  region  of  the  liver. 
After  the  initial  attack  the  pains  continued,  but  instead  of  diarrhoea,  con- 
stipation resulted,  with  severe  headaches.     The  abdomen  was  distended. 

The  patient  was  treated  with  raw  pumpkin  seeds  and  then  given  a  saline 
purge,  and  passed  1,000  to  1,500  Fannia  larvae.  After  this  he  still  passed 
a  few  larvae  for  some  days,  but  eventually  recovered.  This  is  a  curious  case, 
in  that  the  larvae  lived  for  years  inside  the  man,  and  because  it  is  not  clear 
how  such  an  enormous  infection  was  possible.  Recently  Che3nril^has  collected 
and  described  seven  authentic  cases  of  myiasis  of  the  urinary  passages  caused 
by  the  larva  of  this  fly. 

Fannia  desjardensii  Macquart. 

Synonyms. — Homalomyia  desjardensii  Macquart,  Anthomyia  desjardensii 
Macquart. 

Wellman  describes  cases  of  this  myiasis  in  the  alimentary  canal  of  human 
beings  in  Angola  who  showed  dysenteric  symptoms,  and  which  he  success- 
fully treated  with  castor-oil,  then  santonin,  and  then  castor-oil  again. 

The  disease  is  locally  known  as  '  ovaenyo,'  a  term  which  signifies  maggots. 
The  editors  of  the  Journal  of  Tropical  Medicine  in  1907  asked  for  information 
with  regard  to  an  African  myiasis  called  '  muculo,'  but  as  far  as  we  know 
this  disease  has  not  been  traced.  Wellman  says  that  the  term  is  not  used  in 
Angola.  In  H.  desjardensii  the  larvae  become  pupae  in  seven  to  nine  days, 
and  the  pupae  insects  in  another  thirteen  to  fifteen  days. 

Otlier  Species. — Peiper  also  lists  F.  scalaris,  F.  incisurata,  F.  manicuta, 
F.  saltatrix  as  being  causes  of  intestinal  myiasis. 

HydPOtaea  Robineau-Desvoidy  1830. 

Hydrottsa  meteorica  Linnseus,  which  usually  attacks  animals'  eyes  and 
nostrils,  is  said  to  attack  man  also. 

Philaematomyia  Austen  1909. 

Phil(smatomyia  insignis  Austen  1909  is  a  biting  fly  found  in  India,  Ceylon, 
Sokotra,  Cyprus,  Senegal,  and  the  Congo  Free  State,  and  is  remarkably  like 
Musca  domestica,  but  possesses  a  very  remarkable  biting  proboscis,  which 
consists  of  a  strongly  swollen  chitinous  bulb  and  a  soft  distal  portion  capable 
of  being  folded  under  the  bulb  when  not  in  use  and  of  being  extended  when 
in  use.  Its  anterior  or  distal  extremity  is  armed  with  a  circle  of  strong 
chitinous  teeth. 
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SUBORDER  III.     PUPIPARA. 

Synonym. — Epmboscidm. 

The  Pupipara  are  flies  which  appear  to  have  become  altered  owing  to  their 
parasitic  life.  They  possess  a  well-defined  proboscis,  which  is  said  by  Austen 
to  resemble  that  of  the  Glossing  by  being  armed  at  its  tip  with  teeth.  Wings 
have  been  lost  in  several  species,  either  entirely  or  after  the  imago  has  become 

parasitic,  though  they  may  exist  throughout 
life  in  other  species.  Their  feet  are  pro- 
vided with  extra  ungues  to  enable  them  to 
cling  to  the  hairs,  etc.,  of  the  host.  They 
do  not  lay  eggs,  but  produce  a  larva,  which 
soon  becomes  a  pupa. 
.  The  suborder  is  divided  into  four  fami- 
lies :  (i)  Hippoboscidae  ;  (2)  Nycteribidae  ; 
(3)  Braulidae  ;  (4)  Streblidae. 

The  Nycteribidse  are  parasitic  on  birds, 
the  Braulidae  on  bees,  and  the  Strebidae  on 
bats,  and  therefore  will  not  be  considered 
further. 

HIPPOBOSCID^. 

Fig.  255.— Nycteribia  sp.  [?J  Pupipara  with    horny   flattened   heads 

,       .  ,     ,      .^,  .  and  bodies,  and  with  one  jointed  antenna 

furmshed  with  a  terminal  arista.  The  first  joint  of  the  tarsus  is  usually 
abbreviated  in  all,  but  certainly  in  the  first  two  legs. 

Wings  may  be  well  developed,  or  rudimentary,  or 'entirely  absent, 
rhis  family  is  composed  of  forms  parasitic  on  mammals,  and  includes  the 
loUowing  genera :  Hippobosca 
Linnaeus  1761,  Allobosca  Spei- 
ser,  O^/eysja  Wiedemann  1830, 
Pseudolfersia  Coquillett,  Li- 
poptena  Nitzsch  18 18,  and 
Melophagus  Latreille  1804. 

Hippobosca  is  parasitic  on 
cattle,  horses,  dogs,  etc.,  all 
over  the  world ;  Allobosca  is 
parasitic  on  lemurs  in  Mada- 
gascar ;  Ortholfersia  on  kan- 
garoos in  Australia ;  Lipoptena 
on  deer  all  over  the  world ;  and 
Melophagus  on  sheep. 

Hippobosca  rufipes  von 
Olfers  is  thought  to  be  capable 
of  transmitting  Trypanosoma 
theileri,  which  is  the  cause 
of  galziekte  in  South  African 
cattle. 

Hippobosca  equina  LiuuEeus 
is  known  on  horses  in  the 
New  Forest,  England,  and 
Hippobosca  francilloni  Leach 
on  dogs  in  Africa,  India, 
Persia,    and    South    Europe. 

Melophagus  ovinus  Linnajus  is  found  all  over  the  world  and  in  addi- 
tion to  these,  H.  camelina  Leach  and  H.  maculata  Leach  in  'the  Sudan  and 
Egypt. 


Fig.  256.— Hippobosca  sp.  [?]  (Male, 
Female,  and  Pupa). 
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CHAPTER  XXI 

BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 
— SIPHONAPTERA  AND  RODENTIA 

Siphonaptera — Sarcopsyllidae — Dermatophilus  penetrans — PuUcidae — Pulicinae 
— Pulex  irritans — Ltemopsylla  cheopis — Coleoptera — Rodentia — Murinae 
— Mus  rattus — Mus  norvegicus — References. 

SIPHONAPTERA  LatreiHe  1825. 

Synonyms. — Rophoteira  Schellenberg  1798,  After  a  Lamarck  1801, 
Aphaniptera  Kirby  and  Spence  1826,  Pulicidce  Stephens  1829. 

Diptera  with  laterally  compressed  bodies  and  distinctly  separated 
thoracic  rings.  Wings  absent,  except  for  two  lateral  plate-like 
appendages  on  the  meso-  and  metathorax. 

The  antennae  are  three-jointed,  and  embedded  in  grooves.  The 
third  joint  has  nine  more  or  less  separated  pseu do- joints. 

Fleas  have  recently  come  into  considerable  prominence,  owing  to 
the  work  of  the  Indian  Plague  Commission  and  that  of  Dr.  Verj- 
bitski,  of  St.  Petersburg,  who  have  shown  that  they  are  to  be  looked 
upon  as  the  main  agents  by  which  plague  is  spread  from  rat  to  rat, 
and  from  rat  to  man. 

Fleas  may  also  carry  blood  parasites — as,  for  example,  Trypano- 
soma lewisi—aja.A,  again,  they  may  serve  as  intermediary  hosts  for 
the  cysticercus  of  tapeworms,  as  in  the  case  of  Dipylidium  caninum. 
The  knowledge  concerning  fleas  is  of  recent  date.  In  1758 
Linnaeus  started  with  one  genus  and  species,  Pulex  irritans  ;  the 
second  genus  was  that  of  the  Chigoe  in  1815,  under  the  term  Rhyncho- 
porion  penetrans  ;  and  the  third  genus  was  created  by  Curtis  in  1833 
under  the  heading  Ceratophyllus.  The  first  general  systematic 
treatise  was  by  Kolenati  in  1863,  the  second  by  Taschenburg  in 
1880,  and  the  third  by  Baker  in  1904. 

Recently  much  work  has  been  done  on  these  parasites  by 
Rothschild  and  Jordan. 

Morphology. — The  head  is  small,  and  may  or  may  not  possess  eyes,  which, 
when  present,  are  only  simple  pigment  masses.  Directly  behind  the  head  is 
the  antennal  groove,  in  which  the  antennae,  which  are  important  organs  to 
the  flea   lie  protected  from  harm.     This  groove  is  continued  upwards  to  the 
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mid-line  of  the  vertex  by  an  incrassation  which  divides  the  frons  from  the 

occiput.     The  groove  may  be  open  or  closed  by  a  Pr°f  f  °f  ^h^/Xn      ^^^ 

The  antennae  are  composed  of  three   oints,  of  which  the  third   often  called 

the  club    may  be  unsegmented,  segmented  on  the  posterior  border  only,  or 

completely  segmented  into  nine  more  or  less  separate  pseudo-segments. 

The  frons  may  carry  a  tubercle  or  notch,  situate  rather  nearer  the  mouth 
than  the  centre  of  the  head,  while  laterally  the  eyes  when  P'^sent  are  to  be 
seen.  The  area  of  the  head  below  the  eyes  and  extending  from  the  perioral 
ring  to  the  antennal  groove  is  the  gena.  A  process  of  this  area  may  be  pro- 
lonled  backwards,  so  as  to  meet  the  hind  edge  of  the  post-antennal  part  of 
the  head,  and  so  to  close  the  antennal  groove  below  in  those  species  which 

possess  a  closed  antennal  groove. 
The  occipital  area  carries 
usually  three  rows  of  bristles, 
the  first  near  the  base  of  the 
antennae,  the  second  in  the 
middle,  and  the  third  near  the 
hinder  edge  of  the  head,  which 
are  continued  forwards  on  to  the 
frons,  and  probably  delineate  the 
four  segments  of  which  the  head 
is  composed. 

Anterior  and  ventral  to  the 
frons  and  gena  Ues  the  perioral 
ring,  which  carries  the  mouth 
appendages,  which  consist  of  a 
labrum  (epipharynx) ,  mandibles, 
maxiUae,  and  palps,  hypopharynx, 
and  labium  with  palps.  There 
does  not  appear  to  be  a  separate 
cl3rpeus. 

The  labrum  (variously  known 
as  epipharynx,  hypopharynx,  and 
by  other  names)  is  a  hoUow  pro- 
longation of  the  dorsal  wall  of 
head  and  pharynx.  In  front  it 
is  closed,  while  behind  it  opens 
into  the  ccelom.  Ventrally  it 
shows  a  groove,  converted  into 
a  canal  when  it  is  articulated 
with  the  mandibles  laterally. 
The  mandibles  consist  of  basal 
segments  attached  to  the  sides 
of  the  mouth,  and  an  anterior 
portion  which  projects  freely  for- 
wards, and  shows  fine  serrations 
anteriorly.  The  inner  aspect  of 
the  mandibles  possesses  a  groove, 
converted  into  a  trilobed  channel 


Fig.  257. — LcEMOPSYLLA  CHEOPis  (Male). 

(After  Jordan  and  Rothschild,  Journal  of 
Parasitology.) 

I,  Labrum,  mandibles,  and  labial  palps 
(at  the  junction  of  the  last  named  with 
the  head  is  seen  the  triangular  maxiUa) ; 
2,  maxillary  palpi ;  3,  antenna ;  4,  pro- 
notum  ;  5,  mesonotum  ;  6,  metanotum  ; 
7-12,  ordinary  abdominal  tergites  ;  13,  sev- 
enth tergite  with  bristle  (behind  this  is  seen 
the  small  eighth  tergite) ;  14,  ninth  tergite, 
with  sensory  plate;  15,  tenth  tergite; 
16-24,  sternites  of  abdominal  segments  ; 
25-27,  metasternite  ;  28,  mesosternite ; 
29,  prosternite. 


by  articulation  with  the  fellow  of  the  opposite  side  and  the  hypopharynx. 

The  maxillje  are  triangular  chitinous  plates,  each  possessing  a  four-jointed 
maxillary  palp.  The  labium  (which,  of  course,  represents  the  second  maxillae 
with  their  palps)  is  single  posteriorly,  where  it  is  attached  to  the  perioral  ring, 
while  in  front  it  is  divided  into  two  one-to-thirteen  jointed  palps  (labial 
palps),  which  form  a  sheath  or  rostrum  for  the  other  mouth  parts. 

The  hypopharynx  consists  of  a,  basal  portion,  which  is  a  chitinous  plate 
concave  ventrally,  extending  forwards  in  the  head  from  the  infra-oesophageal 
ganglion  to  the  mandibulo-basal  articulation,  and  an  anterior  portion,  which 
projects  from  the  basal  portion  forwards,  and  contains  the  canal  from  the 
salivary  pump. 

This  anterior  portion  of  the  hypopharynx  articulates  laterally  with  the 
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mandibles,  and  its  canal,  opening  ventrally,  forms  the  triradiate  canal 
mentioned  above,  which  is  continuous  with  the  salivary  groove  on  the 
mandibles. 

The  thorax  is  composed  of  the  usual  three  divisions,  but  there  are  no  signs 
of  scutellum  or  post-scutellum.  There  is  generally  one,  but  there  may  be 
two  or  three  rows  of  bristles  on  each  segment.  The  pronotum  may  have  a 
comb.  The  metanotum  may  be  dentate  or  serrate  apically.  Laterally  the 
metathorax  is  typical,  showing  a  sternite,  episternite,  and  epimerite,  while  the 
mesothorax  shows  a  sclerite,  divided  into  two  by  an  internal  incrassation 
running  from  the  coxa  upwards.  These  two  divisions  represent  the  episternite 
and  the  epimerite.  The  episternite  has  the  anterior  and  ventral  portion 
separated  off  by  an  oblique  incrassation  to  form  a  sternite.  The  prosternite, 
or  sternite  of  the  prothorax,  is  not  divided.  Generally  these  various  sclerites 
show  bristles. 

With  regard  to  the  abdomen,  the  first  to  seventh  segments  are  more  or  less 
normal,  but  the  eighth  to  tenth  are  modified  sexually.  The  tergites  of  the 
second  to  the  seventh  segments  are  normal,  carrying  bristles  and  combs  in 
different  species.     The   seventh  tergite  has  a.  subapical  bristle.     The  first 


Fig.  258.— Anatomy  of  a  Flea. 
(From  the  Journal  of  Hygiene,   1906.) 
I,   Mouth  ;   2,   pharynx  ;   3,  saUvary  glands  ;  4,   stomach  ;   5,  Malpighian 
tubes  ;  6,  intestine  ;  7,  rectum. 

segment  has  no  sternal  sclerite,  hence  the  first  visible  sternite  belongs  to  the 
second  segment.  The  third  to  the  sixth  sternites  carry  a  ventral  row  of 
bristles.  The  seventh  has  a  considerable  number  of  bristles.  The  sexually 
different  segments  must  be  considered  according  to  sex.  In  the  female  the 
eighth  tergite  is  very  broad  ventrally.  but  the  sternite  is  reduced  to  an 
elongated  plate  lying  between  the  ventral  edges  of  the  tergite. 

The  ninth  tergite  carries  the  sensory  plate,  with  usually  fourteen  (there 
may  be  more)  setiferous  grooves.  The  ninth  sternite  is  membranaceous 
laterally,  and  extends  far  ventrally,  where  it  is  strongly  chitimzed,  and  lies 
inside  the  seventh  or  eighth  segment.  It  forms  the  ventral  wall  of  the 
vagina,  wliich  is  joined  just  anterior  to  it  by  the  duct  of  the  receptaculum 
ssimms 

The  tenth  tergite  carries  a  short  conical  stylet,  while  the  sternite,  which  is 
triangular,  carries  a  long  bristle  ventrally  before  the  apex  and  shorter  bristles 
at  the  apex.  ...  j  r 

The  eighth  tergite  of  the  male  is  small,  while  its  sternite  is  large,  and  from 
its  cavity  the  copulatory  organs  project.  The  accessory  genital  organs 
belong  to  the  ninth  segment,  the  sides  of  whose  tergite  form  the  clasping 
6  37—2 
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organ  laterally.  The  internal  ventral  angle  of  the  clasper  is  prolonged  into 
a  manubrium,  above  which  is  a  tubercle-hke  projection.  The  outer  side  of  the 
clasper  has  three  processes,  which  are  different  in  Pulex  and  Leemopsylla. 
The  ninth  sternite  has  an  internal  vertical  arm  and  a  ventral  horizontal  arm. 
The  latter  appears  beyond  the  eighth  sternite.  The  penis  can  be  seen  between 
the  ninth  sternite  and  the  claspers. 

Internal  Anatomy. — The  mouth,  which  is  situate  below  the  base  of  the 
labrum,  opens  into  the  aspiratory  pharynx,  which  communicates,  via  a  long 
oesophagus,  with  the  stomach.  Just  before  this  organ  the  oesophagus  is 
swollen  into  a  bulb,  which  represents  the  proventriculus. 

At  the  junction  of  the  stomach  with  the  intestine  are  the  openings  of  the 
four  Malpighian  glands.  The  intestine  is  divided  into  small  intestine,  colon, 
and  rectum,  the  last  mentioned  opening  at  the  anus. 

The  salivary  apparatus  is,  as  usual,  separate  fromi  the  aUmentary  canal. 
It  consists  of  two  glands,  on  each  side  of  the  body,  lying  in  the  fat-body  in 
front  of  the  stomach.  The  duct  from  each  gland  joins,  forming  a  common 
duct  on  each  side,  which  runs  forward  to  open  into  the  salivary  pump.  This 
is  a  hollow,  chitinous  organ,  supplied  with  powerful  muscles,  situated  at  the 
anterior  end  of  the  ventral  surface  of  the  hypopharynx. 

The  duct  of  this  pump,  running  forwards  through  the  hypophar5mx,  opens 
vis,  the  triradiate  canal  already  mentioned  as  formed  by  the  junction  of  the 
hypopharynx  with  the  mandibles,  into  the  groove  of  these  organs. 

The  Act  ol  Biting. — ^The  flea  apparently  carefully  selects  the  spot 
at  which  it  is  to  bite,  and  then  pierces  a  hole  by  means  of  the  labrum. 
This  hole  is  then  enlarged  by  the  mandibles,  through  whose  grooves 
salivary  secretion  is  pumped  into  the  skin.  This  secretion  irritates 
the  vessels,  causing  a  local  rush  of  blood  to  the  part,  and  this  blood  is 
drawn  by  the  suction  of  the  pharynx  up  a  tube  formed  by  articula- 
tion of  the  labrum  with  the  mandibles.  This  tube,  of  course,  is 
embedded  in  the  skin,  which  is  pierced  by  its  two  component  parts. 

There  are  therefore  two  tubes  in  the  mouth-parts  of  a  flea — an 
efferent,  carrying  the  salivary  secretion,  and  an  afferent,  carrying 
the  blood,  which  is  taken  to  the  stomach,  and  hsemolyzed  and 
digested.  It  appears  that  the  black  residual  mass  is  capable  of 
further  digestion  by  the  rectal  glands.  Further  bionomics  will  be 
given  under  Leemopsylla  cheopis. 

Life-History. — ^The  egg  is  oval,  waxy  white  or  opaque  porcelain  in 
appearance,  smooth,  and  with  a  length  of  about  0-5  millimetre. 
It  is  generally  depositedj^between]  thej  hairs  of  the  host,  and  falls 
off  on  to  the  ground.  In  two  to  four  days  the  larva  is  hatched. 
This  larva  is  an  elongated,  worm-hke  httle  creature  with  fourteen 
segments.  The  head  is  well  developed,  and  has  strong  mandibles 
suitable  for  biting.  It  lives  on  dead  organic  matter,  and  moults 
three  times  as  a  rule — i.e.,  three  to  four  days,  and  again  six  days,  and 
again  seven  to  fourteen  days  after  hatching.  It  then  spins  a 
cocoon,  inside  which  the  pupa  becomes  the  imago  in  about  five  days, 
the  whole  time  required  for  development  being  fourteen  to  thirty- 
three  days. 

Dispersal. — Fleas  are  dispersed  mainly  by  their  host  travelling 
about.  Such  a  host  as  a  rat  may,  of  coui-se,  be  carried  by  merchan- 
dise, and,  again,  merchandise  itself  can  spread  fleas. 

Capture  of  Fleas. — If  it  is  desired  to  capture  fleas,  allow  a  suitable 
animal  to  remain  in  the  place,  when  the  fleas  will  gather  on  it. 
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Then  chloroform  the  animal,  and  comb  the  stupefied  or  dead  fleas 
on  to  white  paper. 

Remedies. — ^The  remedies  for  fleas  are,  first  and  best,  a  clean 
house-— i.e.,  plenty  of  soap  and  water  apphed  to  the  floors,  etc. 
Otherwise  pyrethrum  powders  and  benzene  may  be  used. 

A  flea  cannot  jump  more  than  4  inches — an  important  fact  to  be 
noted. 

Flea  larva  are  delicate  little  things,  and  cannot  stand  disturbance  ; 
hence  fleas  will  not  be  found  in  houses  kept  well  swept  and  dusted, 
but  wUl  abound  in  infected  empty  houses. 

Classification. — ^The  Siphonaptera  are  classified  by  Rothschild  into 
three  families :  (i)  Sarcopsyllidae,  (2)  Pulicidse,  (3)  CeratopsyUidse. 

Only  the  first  two  are  of  importance,  the  last  named  being  found  on 
bats. 

FAMILY  SARCOPSYLLIDiE  Taschenburg  1880. 

Synonym. — Rhynchoprionidm  et  HedopsyllidcB  Baker  1905. 

Siphonaptera  without  ctenidia.  Labial  palps  rather  long,  but 
very  weak  and  fragile ;  pale,  slightly  chitinized,  formed  of  one  or 
two  segments.  Small  maxiUae  little  prominent.  Piercing  apparatus 
very  developed  ;  mandibles  large  and  strong.  Genal  extremity 
always  prolonged  below  and  in  front  into  a  process,  placed 
behind  the  insertion  of  the  mandibles.  Nota  of  thoracic  segments 
shorter  than  that  of  the  first  abdominal. 

Genera. — Echiinophaga  OlUff  1886,  Hedopsylla  Frauenfeld  i860, 
DermatopMlus  Guerin  1838  or  1839,  which,  according  to  Jordan 
and  RothschUd,  may  be  recognized  in  the  following  manner  : 

L  Hind  coxa  with  patch  of  spines  on  inner  side — Echidnophaga. 

IL  Hind  coxa  without  such  a  patch  of  spines : 

[a)  Hind  femur  with  large  basal  tooth -hke  projection— 
Hectopsylla. 

(6)  Hind  femur  simple — DermatopMlus. 

But  of  these  we  need  only  consider  DermatopMlus. 

Dermatophilus  Guerin  1838. 

Synonyms.— iJ^ywcAo/inow  Oken  1815,  nee  Hermann  1804, 
Sarcopsylla  Westwood  1836. 

This  genus  contains  the  species  DermatopMlus  penetrans  Guerin, 
distinguished  by  having  a  distinct  eye,  and  D.  ccBcata  Enderlein 
1901,  with  a  rudimentary  eye.  The  latter  species  was  found  behmd 
the  ear  of  Mus  rattus  in  Brazil. 

Dermatophilus  penetrans  Guerin  1838. 

^  Synonyms. — Pulex  minimus  cutem  penetrans  Catesby  1743,  Pulex 
minutissimus  nigricans  Barrere  1743,  Acarus  fuscus  sub  cutem 
nidulans  proboscics  acutiore  P.  Brown  1756,  Pulex  penetrans  Lmnaus 
1767,  Rhynchoprion  penetrans  Oken  1815. 
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Fig.  259.- 


-Dermatophilus  penetrans 
(Male). 


This  is  the  insect  variously  known  as  the  Chigoe,  orjigger, 
beUeved  .0  have  b»„  discover^l  by  Ovedo  g^gS^^  Th^^^ome  o. 

,,---—.-_  be  South  America,  especi- 

^■^  "-  ally  Brazil,  from  which  it 

was     conveyed     to     West 
/  ;      >.  Africa  about  the  middle  of 

last  century,  arriving  on 
the  West  Coast  at  Loanda 
from  Rio  Janeiro  by  a 
ship,  the  Thomas  Mitchell, 
in  1872,  whose  crew 
suffering  from  jiggers, 
was  probably  noted  on  the 
Gold  Coast  for  the  first 
time  in  the  early  seventies. 
It  appears  to  have  spread 
across  Africa  by  Stanley's 
Expedition  and  by  trade 
routes,  arriving  in  East 
Africa  in  1895,  and  from 
East  Africaitspread  to  India 
,  in  1899  by  the  4th  Bombay 

Infantry,  but  luckily  the  infection  did  not  spread  beyond  Bombay. 

In  1900  it  reached  Madagascar.     It  affects  not  merely  man,  but 

domestic  and  wild  animals.     Perhaps  the  most  noted  feature  is  the 

way  in   which   it    attacks 

pigs.      On  the  Gold  Coast 

it  appeared   to  be  largely 

kept  in  existence  by  these 

animals.     It  is  very  easily 

captured  in  the  free  state 

by  taking  a  little  pig  with  a 

pale  abdomen,  and  placing 

it  on  its  back  on  the  ground 

on  which  infected  pigs  are 

living.      After  watching  a 

few  moments,  a  black  speck 

will    appear  on   the   pig's 

abdomen,  and  quickly 

another  and  another.  These 

black    specks    are    jiggers, 

which  can  easily  be  trans- 
ferred to  a  test-tube.  On 
examination,  they  will  be 
found  to  be  males  and 
females  in  about  equal 
numbers.  It  appears  likely  that  a.  number  of  different  species,  if 
not  genera,  are  included  under  the  term  D.  penetrans,  and  there  is 


Fig.  260.- 


-Dermatophilus  penetrans 
(Female). 
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without  doubt  room  for  investigation  into  jiggers  taken  from  wild 
and  domestic  animals  and  man. 

If  the  reader  will  look  at  the  list  of  synonyms,  it  will  be  clear 
that,  by  the  law  of  priority,  the  name  of  this  little  insect  should 
be  Rhynchoprion  penetrans,  and  not  D.  penetrans,  as  the  name 
Rhynchoprion  Oken  is  dated  18 15  ;  but  Rothschild  has  recently 
pointed  out  that  Rhynchoprion  was  applied  in  1804  by  Hermann 
to  a  tick,  and  also  by  Oken  to  other  ticks  in  1815. 

Geographical  Distribution. — It  occurs  in  Mexico,  West  Indies, 
Central  and  South  America,  through  the  whole  of  Tropical  Africa, 
and  as  far  south  as  Mashona — i.e.,  30°  N.  to  30°  S.  In  Asia  it 
does  not  appear  to  flourish  ;  it  has  only  infected  Bombay,  and  will 
probably  not  become  naturalized,  as  the  monsoon  conditions  do  not 
appear  good  for  it,  for  it  flourishes  in  a  warm,  dry,  sandy  soil. 

The  female  only  becomes  endoparasitic,  and  when  it  first  arrives 
in  a  place,  and  is  unknown,  may  cripple  people,  and  cause  loss  of  one 
or  more  toes. 

Morphology. — ^The  general  account  already  given  of  the  mor- 
phology of  fleas  and  the  special  characters  indicate  the  morphology 
sufficiently  for  the  purposes  of  this  book. 

Life-History. — ^The  males  and  females 

live  in  dry,  sandy  soil  as  reddish-brown 

little  insects  about  i  millimetre  in  length, 

and  are  very  active.  They  live  by  sucking 

the  blood  of  warm-blooded  animals.   When 

impregnated,  the  female  burrows  into  the 

skin  of  a  warm-blooded  animal,  whether    ^       ^      -r.         ^ 

1  .    ,  .,  Fig.  261. — Dermatophilus 

bira  or  mammal.  penetrans     (Pregnant 

The  abdomen  now  swells  enormously       female). 
into  the  size  and  appearance  of  a  small 

pea.  If  one  of  these  small  peas  is  examined,  it  will  be  seen  to 
show  the  head  and  thorax  anteriorly,  and  the  two  last  abdommal 
segments  posteriorly. 

The  head  is  in  the  bottom  of  the  burrow  in  the  skm,  and  the 
posterior  abdominal  segments  block  the  opening. 

The  eggs  are  expelled  through  the  opening  in  the  skin,  after  which 
the  female  jigger  is  expelled  by  ulceration.  The  egg  develops  into 
a  larva  with  thirteen  segments,  which  spins  a  cocoon,  inside  which 
is  the  pupa,  which  gives  rise  to  the  imago  in  about  eight  to  ten  days 

Pathogenesis.— This  will  be  described  later  (Chapter  LVL),  but  it 
may  be  mentioned  that  it  includes  irritation,  pus  formation,  ulcera- 
tion, and  formation  of  a  sore,  which  may  become  infected  with 
bacteria,  and  cause  loss  of  a  toe  or  a  leg,  or  even  tetanus  may  develop. 

FAMILY  PULICIDM  Stephens  1829. 
Siphonaptera  with  body  compressed  or  elongated,  always  larger 
than  in  the  preceding  family.     Head,  in  comparison  to  the  rest  of 
the  body,  small ;  top  round  ;  venter  protected  with  hairs  ;  often 
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no  eyes.  The  antennal  groove  is  at  times  covered  by  a  chitinous 
plate. 

The  end  segment  of  the  antenna  is  either  segmented  or  un- 
segmented.  Thorax  wide  ;  pronotum  often  with  ctenidia.  Abdomen 
never  so  swollen  that  the  original  form  is  lost.  Female  never 
endoparasitic. 

There  are  three  subfamilies :  Pulicinas  Tiraboschi,  Typhopsyl- 
linse  Tiraboschi,  Hystrichopsyllinae  Tiraboschi. 


Fig.  262. — Ctenocephalus  felis  Bouch^ 
This  drawing  shows  the  combs  on  the  head  and  prothorax. 


SUBFAMILY  PULICINiE. 

Pulicidse  with  eyes. 

The  genera  of  the  Pulicinse  may  be  arranged  as  follows  (modified 
after  Jordan  and  Rothschild)  : 

A.  Ctenidia  on  head  and  prothorax — (i)  Ctenocephalus. 

B.  Ctenidia  on  prothorax  only — (2)  Ceratophyllus. 

C.  Ctenidia  absent. 

I.  Terminal  segment  of  antenna  short,  only  distinctly 
segmented  posteriorly.  Hind  coxa  with  a  comb  ; 
fifth  tarsal  segment  with  four  lateral  and  one  sub- 
apical  bristle. 

(i)  Forms  with  small  mesial  tubercle— (3)  Moeo- 

psylla. 
(2)  Forms  without  small  mesial  tubercle  : 

A.  Mesosternite  with  internal  rod-like  incras- 

sation  from  insertion  of  the  coxa  upward. 

[a)  Anterior  angle  of  genal  edge  prolonged 

backwards  into  a  triangular  lobe  ; 

pronotum  stronger  than  metanotum 

i  '  — (4)  Pariodontis. 
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(b)  Anterior  angle  of  genal  edge  not  pro- 
duced into  triangular  lobe— (5).  Lce- 
mopsylla. 
B.  Mesosternite  without  internal  rod-like  in- 
crassation  from  insertion   of   the    coxa 
upward— (6)  Pulex. 
II.  Terminal  segment  of  antennae  segmented  all  round  ; 
hind  coxa  without  a  comb  ;  fifth  tarsal  segment  with 
four  lateral  bristles  and  one  subapical  hair. 

(i)  Terminal  segment  of  antennae  symmetrical ; 
genal  process  with  a  number  of  brsitles— 

(7)  Parapsyllus. 

(2)  Terminal  segment  of  antennae  asymmetrical ; 
proximal  segments  sloping  backwards.  Genal 
process   with   only   one    to    two   bristles — 

(8)  Phopalopsylla.  ■- 

III.  Terminal  segment  of  antennae  segmented  all  round  ; 
symmetrical.     Hind  coxa  without  comb.     Fifth  tar- 
i  sal  segment  with  five  lateral  bristles  at  least,  and  sub- 

ap'ical  hair. 

(i)  Antennal  Groove  Open  Behind. 

{a)  Abdominal  tergites  with  one  row  of  bristles, 
except  first,  which  bears  two.     First  hind 
tarsal    segment    shorter   than   second — 
(9)  Coptopsylla. 
(6)  Abdominal  sternites  with  very  numerous 
short  bristles.     First  mid-tarsal  segment 
\        longer  than  second— (10)  GoniopsyUus. 
(2)  Antennal  Groove  Closed  Behind.    • 

Abdominal  tergites  with  one  row  of  bristles 
— (11)  Lycopsylla. 

SUBFAMILY  TYPHOPSYLLINJE. 

Pulicidae  with  eyes  absent  or  very  rudimentary.  Head  rounded 
in  front.     Body  thin. 

Genera.  —  Ctenopsylla,  Stephanocircus,  Typhopsylla,  Neopsylla, 
Typhloceras. 

SUBFAMILY  HYSTRICHOPSYLLINiE. 

Abdominal  tergites  with  one  or  more  ctenidia ;  posterior  tibial 
spines  in  numerous  short,  close-set,  transverse  rows  on  posterior 
border,  with  about  four  spines  in  each  row ;  female  with  four 
antepygidial  bristles  on  each  side. 

Genera. — Hystrichopsylla,  Macropsylla. 

THE  FLEAS  OF  RATS  AND  MICE. 

Tiraboschi  gives  the  following  table  of  the  fleas  observed  on  rats, 
nice,  and  field-mice : 
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'  Pulicina; 


Pulicidse  S 


Typhlopsyllinae 


Pulex 


P.  irritans  L. 


Loemopsylla    . .     L.  cheopis  Roth. 

„.  t,  1         /  Ct.  felis  Bouche. 

Ctenocephalus    |  ^^   ^^^.^  Curtis. 


Ceratophyllus 


Cer.  fasciatus  Bosc. 
Cer.  londiniensis  Roth. 
Cer.  consimiUs  Wagner. 
Cer.  mustelsE  Wagner. 
Cer.  lagomys  Wagner. 
Cer.  penicilUger  Grube. 
Cer.  walkeri  Roth. 
Cer.  pinnatus  W. 
Cer.  gallinae  Sch. 
Cer.  abantis  Roth. 
Cer.  lucifer  Roth. 
Cer.  polUonis  Roth. 
Cer.  agilis  Roth. 
^  Cer.  cahfornicus  Baker, 


Od.  charlottensis  Baker 
oni  Roth. 


^j     i        11         f  Od.  charl 
Odontopsyllus    (  q^   ^^j^^, 

V  Pygiopsylla     . .     Pyg.  colossus  Roth, 


Ctenopsylla 


Stephanocircus 


Typhlopsylla 


HystrichopsylUnae 


Sarcopsyllinae 


Neopsylla 

V  Typhloceras 

Hystrichopsylla 

Macropsylla     . . 
C  Dermatophilus  -j  i?" 


'  Ct.  musculi  Dugds. 
Ct.  spectabilis  Roth. 
Ct.  taschenburgi  W. 
Ct.  aganiffies  Roth. 
Ct.  ellobius  Roth. 
Ct.  pectuniceps  W. 
Ct.  selenis  Roth. 

St.  thomasi  Roth. 
St.  dasyuri  Skuse. 
St.  simsoni  Roth. 

(  Typhi,  assimilis  Tasch. 
I  Typhi,  agyrtes  Heller. 
"I  Tjrphl.  pseudogyrtes  Baker. 
I.  Typhi,  prosuma  W. 

r  N.  bidentatiformis  W. 
\  N.  pentacanthus  Roth. 
[  N.  isacanthus  Roth. 


Typhi,  poppei  Wag. 

Hystr.  tripectinata  Tirab. 
Hystr.  talpa3  Curtis. 
Hystr.  naibeU  Galli-V. 

Macr.  hercules  Roth. 


penetrans  L. 
cascata  Enderlein. 


I  Echidnophaga    |  ^<=^  rhynchopsylla  Tirab. 
^     ^       \  Ech.  galhna,cea  Westw. 
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Of  these,  the  following  are  found  on — 

MUS   NORVEGICUS. 

Pulex  irritans  Linnaeus,  Lcemopsylla  cheopis  Rothschild,  Cteno- 
cephalus  felis  Bouche,  C.  canis  Curtis  ;  Ceratophyllus  fasciatus  Bosc, 
C.  londimensis  Rothschild,  C.  consimilis  Wagner,  C.  lagomys  Wag- 
ner, C.  mustelcB  Wagner,  C.  penicilUger  Gruhe,  Ctenocephalus  musculi 
Duges,  Neopsylla  hidentaliformis  Wagner. 

Mus  norvegicus  is  the  true  host  of  Ceratophyllus  fasciatus. 

MuS   MUSCULUS. 

Ceratophyllus  fasciatus  Bosc,  C.  londiniensis  Rothschild,  C.  walkeri 
Rothschild,  Odontopsyllus  charlottensis  Baker  (?),  Ctenocephalus 
serraticeps  Taschenburg,  C.  musculi  Dug^s,  Typhlopsylla  assimilis 
Taschenburg,  T.  agyrtes  Heller,  Hystrichopsylla  tripectinata  Tira- 
boschi. 

Mus    RATTUS. 

Pulex  irritans  Linnaeus,  Lcemopsylla  cheopis  Rothschild,  Cteno- 
cephalus felis  Bouche,  C.  canis  Curtis,  Ceratophyllus  fasciatus  Bosc, 
C.  londiniensis  Rothschild,  Ctenopsylla  musculi  Duges,  Dermato- 
philus  ccBcata  Enderlein,  Echidnophaga  rhynchopsylla  Tiraboschi, 
E.  gallinacea  Westwood. 

Of  all  these  fleas,  the  most  important  with  regard  to  plague  are  : 

A.  Spreading  the  disease  from  rat  to  rat — Lcemopsylla  cheopis 
Rothschild  and  its  allies  ;  Ceratophyllus  fasciatus  Bosc  and  its 
allies ;  Ctenopsylla  musculi  Duges ;  Ctenocephalus  felis  Bouche  ; 
C.  canis  Curtis. 

B.  Spreading  the  disease  from  rat  to  man — Pulex  irritans 
Linnaeus,  Lcemopsylla  cheopis  Rothschild,  Ctenocephalus  felis 
Bouche,  C.  canis  Curtis,  Ceratophyllus  fasciatus  Bosc. 

Of  all  these,  the  most  important  is  Lcemopsylla  cAeo^w  Roths- 
child, and  it  is  believed  that  its  true  host  is  Mus  rattus. 

Pulex  Linnaeus  1758. 
Pulicinae  with  head  without  notch  on  the  frons  ;  antennal  groove 
closed  behind  by  a  genal  process.  Strong  incrassation  separating 
occiput  and  frons.  Eye  large,  a  little  pointed  below,  with  two 
bristles  beneath  it,  and  one  on  the  oral  edge.  Anterior  angle  of 
genal  process  projecting  somewhat  downwards,  and  usually  bearing 
a  small  tooth  (remains  of  a  comb).  Anal  coxa  is  pear-shaped, 
carrying  a  number  of  hairs  on  the  inner  posterior  portion,  as  well 
as  in  front,  and  carrying  a  row  or  patch  of  short  spines  near  apex. 
Greatly  reduced  thoraix,  the  tergites  being  short,  each  with  a  row 
of  bristles,  but  without  subapical  spines  on  the  mesonotum. 
Mesosternite  characteristic,  very  narrow,  with  ventra.1  edge  close 
before  apex,  stigmata  not  being  entirely  covered.  No  internal  rod- 
like or  cariniform  incrassation  from  the  insertion  of  the  coxa  to 
the  dorsal  edge. 
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Male  with  eighth  tergite  with  small  manubrium  ;  clasper  with 
very  large  flap,  on  inside  of  which  are  two  processes,  formmg  a  kind 
of  claw.     Manubrium  of  clasper  large,   curved.      Ninth  sternite  ■ 
boomerang-shaped,   with  its  upper  end  pointed.     Internal  wire- 
like spring  of  ninth  sternite  and  penis  making  several  coils. 

Female.— i^o  hairs  above  stigma  of  eighth  stergite.  Stylet  with 
long  apical  bristle  and  short  bristle  near  apex.  Anal  sternite 
truncate  ;  bristles  confined  to  the  apical  edge. 

Only  species,  P.  irritans  Linnaeus. 

Pulex  irritans  Linnaeus   1758. 

Synonyms.— PmZcx  vulgaris  Raius  1710,  P.  ater  Linnaeus  1746,  P- 
hominis  Duges  1832,  P.  simulans  Baker  1895,  P.  dugesi  Baker  1904. 

This,  in  a  much  restricted  sense,  is  the  P.  irritans  of  Linnaeus, 
which  included  all  fleas,  but  now  the  term  is  restricted  to  the 
parasite  of  man.  It  is  essentially  an  Old-World  flea,  those  of 
America  being  but  distantly  connected,  but  has  now  become 
cosmopolitan  through  trade.  It  appears  to  have  been  introduced 
into  the  eastern  tropics  by  European  trade.      It  is  absent  from 


Fig.  263. — Pulex  irritans 
(Male). 


Fig.  264. — Pulex  irritans 
(Female). 


the  Sahara  and  the  Haussa  countries  south  of  it,  but  it  abounds  all 
through  Africa  where  there  are  European  settlements. 

The  question  whether  there  are  different  varieties  on  the  different 
races  of  msinkind  is  not  settled.  Baker  described  a  Pulex  dugesi 
or  P.  irritans  dugesi  from  West  Mexico  on  Citellus  macrourus  and 
man,  but  is  the  only  person  who  indicates  this. 

P.  irritans  is  also  found  on  animals,  particularly  the  badger 
[Meles  taxus)  in  England  ;  on  dogs,  cats,  rats,  and  other  animals  in 
various  parts  of  the  world. 

Lcemopsylla  Jordan  and  Rothschild  1908. 
Pulicinae  with  third  segment  of  antennae  distinctly  segmented 
only  on  posterior  side.     Eye  round  ;  one  bristle  below,  one  in  front 
of  eye,  third  at  oral  edge.     Frons  without  tubercle  ;  four-segmented 
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labial  palpus ;  closed  antennal  groove.  Pleura  of  the  mesosternite 
divided  by  a  suture  into  an  episternite  and  an  epimerite,  with  the 
dorsal  apical  bristle  of  the  seventh  abdominal  tergite  remote  from 
the  edge  of  the  segment,  with  short  spines  on  the  inner  surface  of 
the  coxa  of  the  third  leg,  with  a  rod-like  incrassation  on  the 
inside  of  the  coxa  of  the  second  leg  ;  fifth  tarsal  segment  with  four 
lateral  bristles  besides  the  subapical  hair. 

Male  with  clasper  provided  with  two  or  three  small  processes  ; 
manubrium  narrow ;  upper  internal  portion  of  the  ninth  sternite 
not  very  sharply  defined. 

Female  with  the  stylet  bearing,  besides  the  long  apical  bristle, 
a  short  bristle  situated  in  a  notch  before  apex. 

Type. — Laemopsylla  cheopis  Rothschild.  This  genus  is  found  in 
Africa  and  Central  Asia  in  particular. 

At  the  time  of  writing  there  are  some  twenty-four  species  known. 

Loemopsylla  cheopis  Rothschild  1903. 

Synonyms. — Pulex  cheopis  Rothschild  1903,  P.  hrasiliensis  Baker 
1904,  P.  murinus  Tiraboschi  1904,  P  philippinensis  Herzog.  1904. 

This  is  the  rat-flea  in  all  parts  of  the  tropics,  and  is  beheved  to 
be  the  principal  transmitter  of  bubonic  plague  from  the  rat  to  man. 
Its  home  is  believed  to  be  the  Nile  Valley,  where  it  lives  on  various 
hosts,  but  it  has  spread  from  there  by  the  agency  of  the  rats. 

It  is  often  referred  to  in  literature  by  the  name  P.  pallidus 
Taschenberg,  which  is  really  a  different  species. 

Jordan  and  Rothschild  report  it  on  man  or  animals  from  the 
Egyptian  Sudan,  Pretoria,  Beira  in  East  Africa,  Entebbe,  Uganda, 
Benguella,  Angola,  Reunion,  Marseilles,  Plymouth,  Aden,  Bombay, 
Agra,  Arabia,  Japan,  West  Austraha,  New  South  Wales,  Colombia, 
Paraguay. 

They  have  found  it  on  man,  Mus  norvegicus,  M.  rattus, 
M.  chrysophilus,  and  several  other  animals. 

Morphology. — Episternum  of  metathorax  separated  from  sternum. 
The  latter  carries  a  bristle  as  long  as  that  on  the  former.  Hind 
femur  angulate  ventrally  at  the  widest  part.  Fifth  segment  of  fore- 
and  mid-tarsi,  with  three  spine-like  bristles,  ventrally  at  apex  ; 
lateral  ones  very  stout  in  male.  Clasper  with  two  distinct  free 
processes  ;  manubrium  long.     Penis  without  a  brush  near  apex. 

Life-History. — ^The  eggs  are  round,  waxy-white  or  pearly  in 
colour,  and  number  one  to  five  at  each  oviposition.  They  hatch 
in  Bombay  in  two  days,  and  produce  the  little  larvae,  which  at  once 
hide  themselves  away  from  the  -light.  In  about  a  week's  time  these 
larvse,  which  at  first'are  very  active,  become  sluggish,  and,  ceasing 
to  eat,  spin  cocoons  composed  of  fine  white  silk-like  fibres.  The 
cocoon  becomes  covered  with  rubbish,  and  is  hard  to  see.  In  about 
seven  to  fourteen  days  the  imago  escapes  from  the  cocoon. 
The  total  development,  therefore,  requires  about  twenty-one  to 
twenty-two  days. 
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Bionomics.— The  young  flea  is  capable  of  living  without  a  feed 
of  blood  for  some  seven  to  fourteen  days,  but  if  not  fed  then  it  dies. 

The  length  of  life  of  a  flea  is  difficult  to  ascertain,  but  Lcemopsylla 
cheopis  will  live  forty-one  days  on  a  rat  and  twenty-seven  days  on  a 
man.  Therefore,  the  whole  "life  of  a  rat-flea  from  birth  to  death  is 
about  sixty-three  days.  A  rat-flea  is  more  readily  attracted  by  a  rat 
than  by  a  man.  It  breeds  at  all  temperatures,  but  has  one  given 
optimum  temperature  above  and  below  which  it  does  not  thrive 
so  well.  Dampness  is  injurious  to  the  flea,  killing  the  larvas  and 
hindering  development. 

L.  cheopis  is  the  commonest  rat-flea,  being  probably  the  flea  of 
Mus  norvegicus  in  India,  while  in  Western  Europe  Ceratophyllus 
fasciatus  is  the  flea  of  the  same  rodent.  It  is  found  on  M.  norvegicus, 
M.  rattus,  and  Nesokia  bengaliensis ;  also  on  musk-rats,  guinea- 
pigs,  cats,  rabbits,  antelopes,  kangaroos,  and  men. 

The  infection  with  plague  bacilli  does  not  appear  to  affect  the 
flea's  health,  for  it  has  an  immunity,  dependent,  apparently,  on 
phagocytosis. 

COLEOPTERA. 

Hexapoda  with  biting  mouth-parts.  Anterior  wings  altered  to  form  cases 
for  the  thin  posterior  wings. 

The  larvae  of  beetles  have  rarely  been  recorded  as  parasites  of  the  alimen- 
tary canal,  or  found  in  abscesses  in  man  in  the  temperate  and  tropical  regions. 

VERTEBRATA— MAMMALIA— RODENTIA.' 

Family  Muridae  ;  subfamily  Murinae. 

The  Murinae  include  the  rats  and  mice,  of  which  two  are  of  great 
importance  in  the  spread  of  plague  —  viz.,  Mus  rattus  and  M. 
norvegicus. 

Mus  rattus. 

Slender  rats  with  very  pointed  muzzles  and  large  out-standing 
ears,  large  prominent  eyes,  long  tail,  and  greyish  black  fur. 

The  tail,  which  is.  25  per  cent,  longer  than  the  length  of  the  head 
and  body  together,  is  brown  and  regularly  annulated.  Feet 
medium-sized,  but  comparatively  long  and  slender. 

Body  variable,  14  to  19  centimetres  in  length.  Colour  variable  : 
light  rufescent,  brown  on  the  dorsum,  white  or  grey  on  the  \'enter, 
but  may  be  darker  or  lighter.     Mammae  §. 

There  are  two  varieties  of  this  rat :  alexandrinus,  which  is  larger 
and  heavier,  and  rufescens,  which  is  smaller  and  redder  ;  but  there 
are  any  number  of  intermediate  species.  It  breeds  frequently 
throughout  the  year. 

It  is  essentially  a  house-rat,  living  in  the  tiles  or  thatch  of  the 
roof,  or  in  holes  and  recesses  in  the  floor,  but  it  will  live  in  the 
crowns  of  cocoanut-trees. 

Its  pathogenesis  is  important,  for  it  is  the  plague-rat  of  Upper 
India.  It  is  supposed  to  have  entered  Europe  with  the  Asiatic 
invasion. 
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Mus  norvegieus. 

Large,  heavy  rats,  with  heavy,  uniformly  tapering  tails ;  dark- 
coloured  dorsally,  Ughter-coloured  ventrally ;  only  89  per  cent, 
of  the  length  of  the  head  and  body.  Heavy,  flesh-coloured  feet, 
short  round  ears,  and  broad,  heavy  snout. 

Colour  :  brown  on  the  dorsum  and  dirty  white  on  the  venter. 
Foot-pa.ds  large  ;  heart-shaped  mammas  10-12  in  number. 

This  is  the  brown,  sewer,  or  ship  rat,  which  is  supposed  to  have 
come  from  China  to  Europe,  and  from  Europe  to  India.  It  is  the 
plague-rat  of  Bombay.  It  is  very  prolific,  producing  several  litters 
of  8-10  young  per  annum. 

Destruction  of  Rats. — ^The  destruction  of  rats  may  be  brought 
about  by  natural  enemies,  such  as  owls  and  cats,  etc.,  by  traps,  or 
by  poison,  but  none  of  these  methods  work  rapidly  on  a  large 
scale  ;  therefore  attempts  have  been  made  to  obtain  some  bacterium 
which  will  produce  a  fatal  disease  capable  of  being  spread  from  rat 
to  rat  without  being  pathogenic  to  man  and  domestic  animals. 
Two  important  bacteria  are  at  present  in  use — viz.,  Danysz  bacillus 
and  Neumann's  bacillus,  to  which  may  perhaps  be  added  Issat- 
chenko's  bacillus,  which,  however,  is  by  no  means  so  satisfactory, 
as  it  loses  its  effect  when  passed  through  several  generations  of 
rats. 

Danysz  bacillus,  which  is  probably  the  Bacillus  typhi  murium  of 
LofHer,  was  obtained  in  1900  from  an  epidemic  among  harvest- 
mice,  and  is  often  sold  as  Liverpool  virus,  Pasteur  virus,  and 
Laroche  virus ;  in  the  tropics  it  quickly  loses  its  virulence. 

Neumann's  bacillus,  obtained  in  1903  from  the  urine  of  a  child 
suffering  from  cystitis,  and  often  called  '  ratin,'  is  believed  to  be 
efficacious.  The  prepared  virus  is  supplied  in  tins,  and  is  distributed 
about  the  rat  runs  in  spoonfuls  wrapped  in  paper. 

On  a  small  scale  the  gas  evolved  from  the  Clayton  apparatus  is 
useful  in  killing  rats,  etc.,  in  ships  and  houses.  This  method  of 
destruction  is  described  in  Chapter  XXXII. 

Recently  it  has  been  advocated  that  laws  should  be  passed 
making  compulsory  the  destruction  of  rats  by  municipalities  and 
other  local  authorities. 
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CHAPTER  XXII 
BIOLOGICAL  CAUSES  OF  DISEASE  {continued) 

Vegetal  paxasites  —  ThaUophy ta  — Algas — Fungi — Phycomycetes — Ascomy- 
cetes — Basidiomycetes — Hyphomycetes — References. 

VEGETAL  PARASITES. 

The  vegetal  kingdom  is  usually  divided  into  the  following  four 
chief  groups  : 

I.  Thallophyta,  a  great  variety  of  plants  whose  vegetative  body 
may  consist  of  one  or  many  cells  forming  a  more  or  less  branched 
thallus. 

II.  Muscinese  or  Bryophyta,  including  cormophytic  forms  as 
well  as  forms  with  a  leaf-like  thallus. 

III.  Pteridophyta,  or  fern-plants. 

IV.  Phanerogams,  or  flowering-plants. 

THALLOPHYTA. 

All  vegetal  parasites  of  man  belong  to  the  Thallophyta,  which 
consist  of  two  classes  : 

Class  A.  The  Alg^. — ^These  possess  chromatophores,  while 
many  species  are  provided  'with  chlorophyl. 

Class  B.  The  Fungi. — No  chromatophores  and  no  chlorophyl. 

CLASS  A.  THE  ALG.^. 

The  Alg£e  contain  four  orders  : 

I.  Cyanophycese. 
II.  Chlorophyceae- 
'  III.  Pheophyceze. 

IV.  Florideae. 
Only  the  order  Cyanophj/cea  has  importance  from  the  point  of 
view  of  human  parasitology.     The  order  contains  two  famihes  : 
I.  Nostocaceffi,  organisms  containing  chlorophyl. 
II.  Bacteriacese,  organisms  not  containing  chlorophyl. 
The   family  Bacteriacege  is  very  important,  containmg  most  of 
the  pathogenic  micro-organisms  of  man>     As,  however,  the  study 
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of  bacteria  forms  a  special  branch  of  science,  on  which  numerous 
works  and  textbooks  are  available,  we  shall  not  deal  with  it, 
reserving  ourselves  to  describe  only  the  non-bacterial  fungi. 

CLASS  B.  THE  FUNGI. 

Fungi  play  a  very  important  role  in  human,  animal,  and  vegetal 
pathology  ;  they  also  play  an  important  part  in  some  biological 
processes — for  instance,  fermentation. 

The  study  of  fungi  is  called  '  mycology,'  and  a  disease  due  to  a 
fungus  is  termed  a '  mycosis.'  Thus '  otomycosis '  means  a  mycosis  of 
the  ear ;  '  onychomycosis,'  a  mycosis  of  the  nails  ;  '  dermatomycosis,' 
a  skin  disease  due  to  fungi. 

The  investigation  of  fungi  began  long  before  that  of  bacteria. 
In  1837  Remak  discovered  the  parasite  of  favus,  which  was  more 
completely  described  by  Schonlein  in  1839.  Between  1841  and 
1844  Gruber  described  the  fungi  found  in  thrush  and  ringworm. 

Morphology. — Fungi  are  Thallophytes  without  chlorophyl,  and 
do  not  contain  starch  or  chromatophores.  Their  vegetative  body, 
or  thallus,  consists  generally  of  a  mass  of  filaments  or  threads  termed 
the  '  mycelium.'  The  threads  or  filaments  forming  the  mycelium 
are  called  '  hyphas.'  The  mycelial  threads  or  hyphae  may  be  septate 
or  non-septate.  Their  walls  do  not  consist  of  ordinary  cellulose, 
but  of  a  substance  known  as  fungus-cellulose,  which  does  not  stain 
blue  by  iodine  and  sulphuric  acid. 

Nutrition. — The  fungi,  being  unprovided  with  chlorophyl,  cannot 
make  use  of  the  carbon  dioxide  of  the  air,  and  therefore  derive  their 
carbonaceous  food  material  from  complex  organic  compounds,  as, 
for  instance,  decaying  organic  substances. 

Mode  of  Life. — Fungi  live  as  parasites  or  as  saprophytes.  They 
may  live  one  way  or  the  other,  according  to  circumstances.  Fungi 
are  parasites  of  man,  of  the  lower  animals,  and  of  plants. 

Reproduction. — The  seeds  of  the  Phanerogamia  may  be  said 
to  be  represented  in  the  fungi  by  the  roundish  or  oval-shaped 
bodies  called  '  spores.'  The  spores  multiply  by  budding,  producing 
daughter  spores,  identical  with  the  parent  spores.  Under  certain 
conditions  the  spore,  by  a  process  of  germination,  .gives  rise  to  a 
true  mycelial  filament,  which  ramifies,  producing  mycelial  hyphse. 
Some  of  the  terminal  hyphse  are  shorter  and  structurally  different 
from  the  other  hyphse,  and  they  become  organs  of  fructification, 
which  produce  spores.  The  formation  of  spores  upon  these 
hyphae  takes  place  in  various  modes,  of  which  five  different  types 
may  be  distinguished. 

I.  Conidia  or  Exospores. — ^These  are  non-sexual  spores,  which 
take  origin  by  a  process  of  budding  or  septation  from  the  extremity 
of  a  germinal  mycelial  hypha  or  sporophora.  The  spores  may  all 
be  of  the  same  size,  or,  at  other  times,  some  are  much  larger  macro- 
conidia,  others  smaller  microconidia.  The  conidia  are  at  first  always 
unicellular,  but  later  they  may  divide  and  become  multicellular. 
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2.  Chlamydospores  or  Endoconidia.— These  are  asexual  globular 
spores  of  great  size,  and  provided  with  a  thick  membrane.  Chlamy- 
dospores are  terminal  or  intramycelial. 

3.  Endospores  or  Gonidia. — These  spores  take  origin  inside  a 
special  spore-case  structure,  or  sporangium,  which  is  often  terminal 
and  aerial.  Endospores  which  are  free  and  provided  with  organs 
of  locomotion  (ciUa  or  flagella)  are  called  zoospores,  and  the  spor- 
angium is  known  under  the  name  of  zoosporangium. 

Ascus  Fructifications,  or  Asci,  are  special  sporangia  containing 
four  or  eight  or  a  multiple  of  eight  spores  arranged  in  a  single  hne. 
These  spores  are  called  ascospores.  Each  ascospore  presents  two 
membranes,  one  internal,  one  external.  The  external  membrane 
frequently  shows  a  pore,  which  is  called  the  germinating  pore. 

Basidia  Fructifications. — Basidia  are  large  elongated  cells,  each  of 
which  supports  at  its  apex  two  or  four  slender  processes  (sterigmata), 
each  terminating  in  a  small  roundish  conidium  or  basidio-spore. 

4.  Zygospores.^Ihese  are  the  product  of  a  process  of  conjugation 
or  modified  sexual  act  between  two  special  hyphse.  These  hyphse 
emit  small  club-shaped  branches,  which  come  into  contact  and  fuse 
together,  giving  rise  to  a  new  large  cell,  which  presents  a  very 
resistant  double  wall.  The  special  branches  [gametes)  which  come 
into  contact  and  unite  to  produce  the  zygospore  do  not  show  any 
apparent  sexual  differentiation. 

5.  Oospores. — These  are  formed  by  a  complete  sexual  act  or 
fertilization,  and  can  therefore  be  compared  with  a  fertilized  ovum. 

The  female  element  [oosporangium,  oogonium)  contains  one  or 
more  roundish  protoplasmatic  masses  (macrogametes  or  oospheres, 
female  gametes),  and  presents  a  thick  wall  pierced  by  several  pores. 
The  mde  gamete  [antheridium),  which  originates  on  a  dehcate  special 
hypha,  comes  into  contact  with  the  oosporangium,  sending  a  proto- 
plasmatic process  through  it.  In  other  cases  the  antheridium  divides 
into  several  motile  bodies  called  microgametes,  anther ozoids,  or  ^er- 
matozoids,  which  come  into  contact  with  the  oosporangium,  and  fer- 
tilization takes  place.  In  some  rare  cases  the  transformation  of 
the  oosporangium  into  an  oospore  is  in  reality  a  process  of  parthe- 
nogenesis. 

jraClassifleation.— Fungi  are  divided  into  five  orders  : 
p£L.  Myxomycetes. — Higher    fungi,    mostly    aerial;     many-celled 
mycelium  ;  reproduction  by  asexual  spores. 

II.  Phycomycetes.— One-celled  thallus,  becoming  septate  only 
during  sporulation  ;  reproduction  takes  place  by  asexual  and  sexual 

spores. 

III.  Aseomycetes.— Reproduction   by   asexual   spores;   presence 

of  ascus  fructifications. 

IV.  Basidiomyeetes. — Reproduction  by  asexual  spores ;  presence 
of  basidia  fructifications.  . 

V.  Hyphomycetes,  or  Fungi  Imperfecti.— Fungi  of  very  ditterent 
groups,  the  botanical  position  of  which  cannot  be  determined  with 
certainty  in  the  present  state  of  our  knowledge. 
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.The  fungi  parasitic  in  man  are  all  found  practically  among  the 
Phycomycetes,  the  Ascomycetes,  and  the  Hyphomycetes.  Only 
one  species  of  importance  is  found  among  the  Basidiomycetes,  and 
none  among  the  Myxomycetes. 

ORDER  PHYCOMYCETES. 

This  order  is  divided  into  three  suborders  : 
I.  Chytridiae. 

II.  Oomycetes  (oosporacese). 
III.  Zygomycetes  or  Zygosporacese. 
The  Phycomycetes  parasitic  on  man  all  belong  to  the  suborder 

Zygomycetes. 

SUBORDER  ZYGOMYCETES, 

These  fungi  reproduce  sexually  and  asexually.  The  sexual  re- 
production takes  place  by  formation  of  zygospores.  The  asexual 
reproduction  takes  place  by  formation  of  conidia,  gonidia  (endo- 
spores),  and  chlamydospores  (endoconidia). 

The  Zygomycetes  are  divided  into  four  famiUes,  among  one  of 
which  only — the  Mucoraceae — are  found  human  parasites. 

Family  MucoEACEyE. 

These  organisms  have  a  ramified  thallus,  branches  taking  origin 
laterally  or  by  dichotomy.  Some  species  are  provided  with  rhizoids, 
root-like  hairs  by  which  they  are  attached  to  the  surface  on  which 
they  grow.  From  the  surface  of  the  mycelium  some  aerial  branches 
called  '  gonidiophores '  take  origin,  each  of  which  supports  on  its 
distal  extremity  a  pear-shaped,  globular  or  claviform  sporangium 
called  gonidangium.  The  sporangium  is  at  first  separated  from  the 
gonidiophore  by  a  septum,  which  later  protrudes  into  the  lower 
portion  of  the  sporangium  to  form  a  variously-shaped  structure 
termed  the  columella. 

Inside  the  sporangium  or  gonidangium  endospores  or  gonidia 
develop  by  free  cell-formation. 

The  sporangium  protoplasm  not  used  in  the  formation  of  endo- 
spores gives  rise  to  a  peculiar  mucUaginous  substance,  which  at  a 
later  period,  by  absorption  of  water,  causes  the  bursting  of  the 
sporangium.  Each  endospore  or  gonidium,  when  it  has  become 
free,  gives  rise  to  a  mycelial  tube  by  germination.  This  mycelial 
tube  ramifies,  and  a  new  mycelium  is  formed. 

In  some  species,  under  certain  conditions  a  sexual  reproduction 
may  take  place.  This  consists  in  the  conjugation  of  undifferentiated 
non-motile  gametes,  which  leads  to  the  formation  of  zygospores. 

Many  species,  when  vegetating  in  unfavourable  media,  reproduce 
only  by  formation  of  conidia  and  chlamydospores. 

Mucoraceae  are  extremely  common  as  parasites  or  saprophytes 
of  plants  and  animals.  A  mycosis  due  to  these  parasites  is  often 
termed  '  mucormycosis.' 

Mucoraceae  can  be  easily  grown  on  sugar  culture  media — for  instance, 
Sabouraud's  maltose  agar — ^or  even  on  ordinary  agar.    The  optimum 
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Family 
Mucoraceae. 


temperature  for  their  growth  is  between  35°  and  40°  C.  The 
Mucoraceae  require  plenty  of  oxygen,  and  therefore  the  media 
tubes  must  never  be  closed  with  rubber  caps.  When  there  is  not 
enough  oxygen,  the  Mucoraceae  lose  their  characteristics,  and  give 
rise  to  oidium  or  yeast-like  forms. 

Classification. — Four  genera  of  MucoraceiE  are  found  to  contain 
species  parasitic  on  man  : 

Mycelium  ramified,  no  rhizoids — Mucor. 

Mycelium  non-ramified,  with  or  without  rhizoids ;  peduncle 

supporting  sporangium  terminates  in  a  special  formation, 

encircling  the  base  of  the  columella 

— Lichiheimia. 

Mycelium  with  rhizoids  ;  columella  ovoid 
— Rhizomucor. 

Mycelium  with  rhizoids ;  columella  hemi- 
spheric, shaped  like  a  mushroom — 
\         Rhizopus. 

Genus  Mucor  Micheli  1729. 
Mucor  mueedo  Linnaeus  1764. 

Synonyms. — Mucor  vulgaris  Micheli  1729,  M.  sphcero- 
cephalus  Bulliard  1791. 

Hyphae  carrying  sporangia  (sporangiophores)  are  long 
and  erect ;  the  sporangium  is  globular,  100  to  200  ya  in 
diameter  ;  its  colour  brownish  ;  its  surface  covered  by 
fine,  minute  crystals  of  oxalate  of  calcium.  The.  spores 
(gonidia)  are  elliptical,  with  a  smooth  surface.  The 
columella  is  ovoid-shaped,  and  generally  yellowish. 
Occasionally  very  large  zygosphores  may  be  observed. 

M.  mueedo  L.  is  very  common,  living  in  organic  substances  in  decomposition 
— for  instance,  horse-dung.  It  is  the  cause  of  a  deadly  disease  in  bees,  but 
is  seldom  found  in  man. 

Mucor  pusillus  Lindt  1886. 

Mycelium  at  first  white,  then  yellowish.  The  hyphae  carrying  sporangia 
are  much  shorter  than  in  the  preceding  species.     The  sporangium  is  globular, 

at  first  pale  greyish,  then  dark  greyish.  Its 
diameter  varies  between  50  and  80  /u.  The 
columella  is  claviform,  ovoid  or  spherical, 
yellowish  or  brownish.  The  spores  are  smooth, 
spherical,  3  to  3'5  ij,  in  diameter. 

M.  pusillus  is  often  found  in  bread  which 
has  been  soaked  in  water.  It  is  very  patho- 
genic to  rabbits ;  it  has  occasionally  been  found 
in  man. 


Fig.  265. — Mucor 

MUCEDO. 


Genus  Lichtheimia  Vuillemin  1904. 
Lichtheimia  corymbifera  Cohn  1884. 
Synonym, — Mucor  corymbifer  Cohn  1884. 
Mycelium  first  white,  then  yellowish.     The 
sporangia   are  pear-shaped,    10    to    70   /t    in 
diameter  ;  columella  conical,   dark  greyish  or 
brownish ;    spores  elliptical,  2  to  3  ,».     The  hyphas  carrying  sporangia  are 
ramified  in  corymbiform  formation.    This  parasite  has  been  observed  several 
times  in  man. 


Fig.  266. — Lichtheimia 

CORYMBIFERA   VuiLLEMIN. 

(After  Lichtheim.) 
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Lichtheimia  ramosa  Lindt  1886. 

Synonym. — Mucor  ramosus  Lindt  1886. 

Closely  resembling  L.  corymbifera,  but  rhizoids  are  often  present.  The 
spores  are  larger,  ovoidal,  4  to  7  /i  in  length.     The  columella  is  always  smooth. 

This  species  has  been  observed  in  man  by  Lindt.  According  to  Vuillemin, 
it  is  frequently  found  in  the  nasal  mucus  of  horses. 

Genus  Rhizomueor  Lucet  and  Costantin  1900. 
Rhizomucor  parasiticus  Lucet  and  Costantin  igoo. 

Mycelium  at  first  greyish,  later  brownish.  Sporangium  globular,  35  to 
80  ij..  Hyphae  carrying  sporangia  are  often  ramified,  and  are  between  i  and 
2  centimetres  in  length.  They  are  often  provided  at  their  basal  portion  with 
rhizoids. 

The  columella  is  ovoid  or  pyriform  ;  dark  brownish  ;  spores  ovoid  ;  longi- 
tudinal diameter,  4  ij.  ;  transverse  diameter,  2-5  ix. 

R.  parasiticus  is  pathogenic  for  the  guinea-pig  and  rabbits.  It  has  once  been 
found  in  the  expectoration  of  a  woman. 

Bhizomueor  septatus  von  Bezold. 

Synonym. — Mucor  septatus  von  Bezold. 

Rhizoids  present ;  sporangia  spherical,  with  a  smooth,  or  occasionally 
slightly  muriform,  surface.  Diameter  about  30  to  35  /i  ;  columella  spherical, 
brownish  ;  spores  roundish  or  slightly  oval,  from  2-5  to  4  /i.  The  spores  are 
of  a  yellowish  colour. 

This  species  was  found  by  Siebenmann  in  a  case  of  otomycosis. 

Genus. Rhizopus  Ehrenberg  1820. 
This  genus  contains  only  one  species. 

Rhizopus  niger  Ciaglinski  and  Hewelke  1893. 

Synonym. — Mucor  niger  Ciaglinski  and  Hewelke  1893. 

The  mycelial  filaments  are  provided  with  rhizoids.    Sporangia  globular,  of 
black  colour  when  ripe.   Spores  ovoid,  smooth.    Columella  at  first  globular, 
but  later  takes  a  cylindrical  shape,  and  when  the  spores  have  become  detached, 
develops  a  peculiar  mushroom  appearance. 

This  species  was  discovered  by  Ciaglinski  and 
Hewelke  in  a  case  of  black  mycosis  of  the  tongue. 

General  Remarks  on  Mycoses  due  to  Species  of  the 
Family  Mueorinaceae. — These  mycoses  are  generally 
called  mucormycoses.  They  have  been  recorded  several 
times  in  man. 

Mucormycosis  of  the  Nose. — Several  cases  are  on 
record  (Schubert,  Siebenmann)  in  which  Mueorinaceae 
were  found  in  various  affections  of  the  nose.  Their 
pathogenic  power  in  such  affections  has  not  been 
demonstrated  with  certainty. 

Mucormycosis    of    the    Tongue. — Ciaglinski  and 
Hewelke,  and  later  Seniyiak,  have  described  cases  of 
Fig.  267. — Rhizopus    so-called  '  black  tongue,"  due  to  Mucorinacese  of  the 
NIGER   CiAG.    AND     genus  Rhizopus. 

Hew.  Mucormycosis  of  the  Ear — Otomucormycosis. — 

(After  Ciaglinski.)  Several  cases  are  found  in  the  literature  (Siebenmann, 
Boke,  Huckel,  etc.).  Almost  always  Lichtheimia 
corymbifera  was  present.  In  the  tropics  we  have  observed  two  cases  in 
which  L.  ramosa  was  present.  When  the  fungus  is  in  great  quantity,  the 
patient  complains  of  tinnitus  aurium  and  deafness — the  same  symptoms  as 
those  produced  by  a  plug  of  cerumen  in  the  external  auditory  meatus. 
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Mucormycosis  of  the  Lungs. — Several  cases  are  on  record.  The  patients 
generally  complain  of  chronic  cough,  and  the  sputum  may  contain  the  fungi. 
Generally  the  mycelium  only  is  found.  Potassium  iodide  given  in  large  doses 
produces  good  results. 

General  Mucormycosis. — One  case  only  is  on  record — that  of  Paltauf. 
The  patient  during  life  presented  fever,  slight  jaundice,  enlargement  of 
the  spleen  and  liver,  with  signs  of  diffuse  bronchitis  and  obscure  nervous 
symptoms.  At  the  post-mortem  the  brain  presented  several  foci  of  a  friable, 
yellowish  substance  ;  the  other  internal  organs  showed  nodules  of  various  size, 
some  rather  hard  ;  others  had  undergone  a  purulent  change.  In  all  these 
formations  mycelial  threads  were  found  ;  in  the  lung  nodules  fructifications 
(sporangia)  were  also  present,  which  enabled  him  to  determine  the  fungus  as 
L.  corymbifera.  According  to  Paltauf,  the  infection  must  have  originated 
from  the  intestine,  which  showed  several  ulcerative  lesions  containing  the  same 
fungus. 

ORDER  ASCOMYCETES. 

These  fungi  are  characterized  by  their  mode  of  reproduction — 
viz.,  by  spores  originating  inside  special  cells  called  asci.  The 
spores  (ascospores,  endospores,  gonidia)  inside  the  asci  are  generally 
four  or  eight  or  a  multiple  of  eight.  While  these  fungi  live  a  parasitic 
life  no  asci  are  found,  and  reproduction  takes  place  by  germination 
and  conidia.  The  fungi  belonging  to  this  order  are  often  pleio- 
morphic,  their  morphological  characters  changing  according  to 
the  medium  on  which  they  live. 

The  Ascomycetes  are  divided  into  two  suborders  : 

I.  Gymnoascees.  —  Asci  not  enclosed  in  any  special  enveloping 
structure. 

II.  Carpoascees. — Asci  produced  in  special  fructifications. 

SUBORDER  GYMNOASCEES. 
Of  the  Gymnoascees,  only  two  families— the  Saccharomycetes 
and  the  Gymnoascese — are  parasitic  on  man. 

Family  Saccharomycetes. 

These  organisms  are  generally  round  or  ovoid  cells,  presenting  a 
cell  wall  of  single  or  double  contour  ;  the  internal  protoplasmatic 
mass  often  shows  granules  and  vacuoles.  During  active  vegetation 
as  parasites  they  reproduce  by  a  budding  process,  hence  the  name 
of  budding  fungi  ;  when  hving  on  artificial  media  under  unfavour- 
able nutritive  conditions,  or  in  the  absence  of  oxygen,  they  may 
multiply  by  formation  of  endospores  or  ascospores. 

The  organisms  are,  as  a  rule,  unicellular  plants,  but  at  times 
the  cells  elongate  to  form  mycelial  hyphse— so  much  so  that  occasion- 
ally a  compKcated  ramifying  septate  mycelium  is  produced.  This 
occurs,  for  instance,  when  the  organisms  are  cultivated  in  certain 
fluid  culture  media-for  example,  fluid  beer-wort.  In  such  cases 
side-buds,  which  separate  into  conidia-like  bodies  may  also  develop 

on  the  hyphse.  . 

The  family  Saccharomycetes  contains  three  genera : 
I    Genus  Swiowyces.— Reproduction  by  external  spores,  asco- 
spores, and  spores  situated  inside  the  mycelial  tubes. 
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II.  Genus  Saccharomyces. — No  true  mycelial  threads ;  repro- 
duction by  budding  and  ascospores. 

III.  Genus  Cr3//)i!ococcMs.— Reproduction  by  budding  only;  no 
ascospores  ;  no  mycelial  threads. 

The  fungi  belonging  to  the  genus-  Saccharomyces  and  Crypto- 
coccus  are  commonly  known  under  the  name  of  blastomycetes 
(or  yeasts),  while  the  diseases  due  to  them  are  termed  'blastomy- 
coses.' 

Genus  Endomyces  Rees  1870. 

Endomyces   albicans   Robin   1853. 
Synonyms. — Oidium  albicans  Robin  1853,  Syringospora  robini 
Quinquand    1868,    Saccharomyces    albicans    Rees    1877,    Monilia 
albicans  Zopf.  1890,  Endomyces  albicans  Vuillemin  1898. 

This  fungus  was  discovered  by  Berk 
and  Gruby  in  1842  in  thrush  patches. 

Parasitic  Life. — ^This  fungus  forms 
white  patches  on  the  tongue  and  buccal 
mucosa.  The  patches  are  easily  de- 
tached. A  particle  of  the  patch  examined 
under  the  microscope  shows :  Septate 
mycelial  threads,  simple  or  ramified, 
the  articles  of  which  are  straight  or 
somewhat  bent.  Each  article  or  cell  is 
about  20  fi  in  length,  and  3  to  5  /*  in 
breadth.  At  the  terminal  portion  of  each 
mycehal  thread  three  or  four  shorter 
ovoid  elements  are  found  which  repro- 
duce by  budding.  Some  similar  ovoid 
or  roundish  globular  refringent  cells 
may  be  observed,  originating  laterally 
at  the  septations  of  the  mycelium. 
These  globular  elements,  which  were 
at  first  considered  to  be  spores,  become 
detached  and  reproduce  by  germina- 
tion. 
Saprophytic  Life. — Culture  Characters. 
-The  fungus  grows  well  on  slightly  acid 
Sabouraud's  and  other  media ;  is  very 
susceptible  to  alkalis;  does  not  grow 
abundantly  in  alkaline  media.  Does  riot 
ferment  lactose ;  some  strains  liquefy  gelatine ;  Gram  positive. 

In  cultures  the  fungus  appears  under  two  forms :  i.  A  fila- 
mentous form,  showing  the  mycelial  threads  simple  or  ramified. 
3.  A  globular  form,  morphologically  similar  to  a  typical  yeast,  and 
reproducing  by  budding.  Both  forms  may  be  found  in  the  same 
culture. 

The  fungus  in  cultures  reproduces  by — 

I.  Chlamydospores  or  external  spores ;  large  globular  cells 
10  to  20  /i  in  diameter,  with  thick  i^esistant  walls,     The  chlamydo- 


FiG.  268. — Endomyces 

ALBICANS. 

(From  a  culture.      After 
Vuillemin.) 

I,  Mycelial  threads,  with 
endospores  and  conidia ;  2, 
ascus  fructification. 
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spores  axe  situated  at  the  terminal  extremity  of  some  mycelial 
hyphse,  and  represent  modified  mycelial  articles. 

2.  Asci  containing  four  ascospores. 

3.  Internal  Spores. — ^These  are  oval  cells  with  membrane,  proto- 
plasm and  nucleus  similar  to  the  external  spores.  The  internal 
spores  are  arranged  in  a  single  string  inside  some  mycelial  tubes. 

Pathogenicity. — ^The  fungus  is  the  cause  of  the  well-known  affec- 
tion termed  thrush.  It  is  generally  localized  in  the  oral  mucosa, 
but  in  certain  cases  it  may  spread  to  the  oesophagus,  stomach,  and 
intestine.  It  may  be  found  in  the  lungs.  Rarely  it  gives  rise  to  a 
general  infection  producing  a  type  of  pseudo-tuberculosis.  At 
times  Endomyces  albicans  may  show  pyogenic  properties. 

In  the  tropics  thrush  is  not  rare  ;  it  is  found  in  children  and 
cachectic  adults. 

Endomyces  subtilis  Blanchard  1895. 

Found  in  a  pustular  eruption  of  a  child  by  Boyer  J.  d'Antin, 
1881,  and  by  Babes  in  a  similar  eruption  in  a  woman. 

Endomyces  subtilis  closely  resembles  E.  albicans,  but  its  filaments 
are  much  more  slender. 


Endomyces  rhoi  Castellani  1909. 
Found  by  Castellani  in  several  cases  of  tropical  otomycosis. 


The 


mycelial  threads  are  very  longjand^septate,  3  toj4V  in  breadth; 


Fig.  269. — Endomyces  rhoi. 
(From  a  fresh  preparation.     The  free  spores  are  not  shown.) 

there  are  very  numerous  free  roundish  cells,  4  to  5  /*  in  diameter. 
It  grows  on  various  sugar  and  ordinary  media  producing  a  whitish 
membranous  growth. 
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Genus  Saccharomyces. 

No  proper  thallus.  Reproduction  by  budding  and  endospores 
or  ascospores. 

As  already  stated,  the  fungi  of  this  genus,  as  well  as  of  the  genus 
Cryptococcus,  are  usually  called  JBlastomycetes,  and  the  diseases 
induced  by  them  blastomycoses. 

The  fungi  of  the  genus  Saccharomyces  and  Cryptococcus  have 
a  great  importance  in  dermatology,  as  they  give  rise  to  peculiar 
ulcerative  affections  of  the  skin,  often  resembling  a  syphiUde  or  a 
tuberculide.  The  first  cases  of  blastomycosis  were  observed  in 
America  by  Posadas,  Wernike  and  others,  who  at  first  believed 
them  to  be  a  protozoal  infection.  Later  Gilchrist,  Ricketts,  and 
others  recognized  the  true  nature  of  the  parasites.  Cases  of 
blastomycosis  are  frequent  in  tropical  countries.  By  some  authors 
(Sanfelice,  Roncali,  etc.),  cancer  has  been  considered  to  be  of  blasto- 
mycetic  origin. 

Saccharomyces  blanchardi  Guiart  1906. 

Found  at  an  operation  on  a  patient  who  had  been  considered  to  be 
suffering  from  tubercular  peritonitis.  The  fungus  had  produced  in 
the  peritoneum  a  large  whitish  gelatiniform  mass,  weighing  about 
I  kilogram.     The  fungus  grew  well  on  all  sugar  media. 

Saccharomyces  samboni  Castellani  1907. 

Cells  roundish — 6  to  8  /*  in  diameter — easUy  grown  on  various 
media  producing  white  colonies,  which  rapidly  coalesce.  Found 
by  Castellani  in  Ceylon  in  a  few  cases  of  intertriginous  dermatitis 
of  the  cruro-scrotal  region.  A  similar  or  identical  organism  has 
been  observed  by  Whitfield  in  England  in  a  case  of  the  same 
dermatitis. 

Saccharomyces  anginae  Vuillemin  1901. 

Found  by  Achalme  and  Troisier  in  a  case  of  tonsillitis  showing 
white  patches. 

Saccharomyces  tumefaciens  Busse  1897. 
Found  by  Busse  in  a  benign  tumour. 

Saccharomyces  ranulatus  Vuillemin  and  Legrain  1900. 

Observed  by  Vuillemin  and  Legrain  in  a  tumour  of  the  sub- 
maxillary bone. 

Saccharomyces  ellipsoides  Rhees  1870. 

Found  by  Maggiora  and  Gradenigo  in  a  case  of  chronic  otitis 
media. 
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Saccharomyces  roseus  Maggiora  and  Gradenigo  1890. 
Found  by  Maggiora  and  Gradenigo  in  the  Eustachian  tube. 

Genus  Cryptoeoeeus  Kiitzing. 

,„f»?r^°.H'?flT  ^^  budding  only:  ascospores  unknown  :  no  fermentation  of 
hugar  media  (glucose  and  saccharose). 

Cryptoeoeeus  gilohrlsti  Vuillemin. 
Synonym.— Oj(?iMm  {sp.  ?)  Gilchrist  and  Stokes  1896 
nnH  IL+f  ^^  Gilchrist  and  Stokes  in  a  case  of  chronic  ulcerative  dermatitis, 
Afw    rn  ?  .^  case  which  had  been  diagnosed  as  a  tuberculide  of  the  skin. 
After    Gilchrist    and    Stokes's    cases,    other    cases    of 
blastomycosis  due  to  an  identical  or  similar  organism 
have  been  described  by  Hyde,   Oppenheim,  Ricketts 
etc.     Ricketts   considered  these  fungi  to  be   species 
oi    Oidtum     (Endomyces),    and    proposed    the    name 
oidiomycosis  '  to   indicate  the  disease  produced  bv 
them.  ■' 

C.  gilchnsH  in  the  affected  tissues  has  the  appear- 
ance of  a  typical  yeast — large,  globular  cells,  repro- 
ducing by  budding.  In  cultures,  besides  these  globular 
elements,  thread-hke  mycelial  tubes  may  be  found, 
presenting    lateral    or    terminal    conidia ;    asco-spores 

absent.     The  fungus  does  not  ferment  glucose  or  sac-  

charose.  Plg_    270.— Crypto- 

Cryptococcus  nominis  Vuillemin.  coccus  gilchristi 

Synonym. — Saccharomyces  (sp.  ?)  Busse  1894.  Vuillkmin. 

Found  in  abscesses  in  a  woman  by  Busse.     In  the        (After  Gilchrist.) 
pus  the  fungus  presented  itself  under  the  shape  of  oval 

bodies,  with  a  membrane  having  a  double  contour.  These  elements  were 
arranged  in  groups,  each  group  being  surrounded  by  a  special  capsule.  Cultur- 
ally the  fungus  showed  only  roundish  budding  forms,  no  mycelium,  no  asci. 

Cryptoeoeeus  linguse-pilosse  Lucet  1901. 

Synonym. — Saccharomyces  lingucs-pilosts  Lucet  1901. 

Found  by  Lucet  and  others  in  a  case  of  so-called  '  black  tongue.'  This 
affection  is  in  other  cases  due  to  RMzopus  niger,  and  in  others  to  Oospora 
Ungualis. 

Cryptoeoeeus  plimmerl  Costantin  1901. 

A  Cryptoeoeeus  found  by  Plimmer  in  many  cases  of  cancer.  It  is  probably 
only  a  saprophyte. 

Cryptoeoeeus  degenerans  Roncali  1896. 

Found  by  Roncali  and  others  in  malignant  tumours  :  sarcomata  and 
carcinomata. 

Family  Gymnoasce^. 

Spherical  perithecium,  the  walls  of  which  are  formed  by  mycelial 
filaments.  At  the  extremities  of  these  mycelial  threads  ascus 
fructifications  are  found.  Besides  vegetating  under  this  type, 
the  Gymnoascese  can  also  vegetate  under  a  filamentous  or  conidial 
form  without  any  formation  of  asci.  It  is  under  this  second  form 
that  most  of  the  Gymnoascese  parasitic  on  man  vegetate. 

The    genera   Microsporon,    Trichophyton,   Achorion   are   at   the 
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present  time  considered  to  belong  to  the  family  Gymnoascees  on 
account  of  the  following  facts  : 

1.  These  three  genera,  as  demonstrated  by  Matruchot  and 
Dassonville,  have  the  greatest  resemblance  to  the  filamentous  type 
of  some  typical  Gymnoascees. 

2.  A  species  of  G5minoascees,  Ctenomyces  serrafus,  when  living 
saprophytic,  shows  perithecia  and  ascus  fructifications ;  when 
inoculated  into  animals,  vegetates  under  a  filamentous  form  very 
similar  to  a  Trichophyton,  and  gives  rise  to  a  Trichophyton  eruption. 

The  genera  of  Gymnoascees  containing  human  parasitic  species 
are  the  following :  (i)  Microsporon;  (2)  Trichophyton;  (3)  Epidermo- 
phyton;  (4)  Endodermophyton ;  (5)  A  chorion;  (6)  Oospora;  (7)  Monto- 
yella. 

Genus  Microsporon  Gruby  1843. 

Mostly  parasitic  in  the  hairs  ;  mycelial  spores  are  roundish, 
small  (2  to  3  ft),  and  irregularly  arranged  in  a  mosaic-like  way. 
Cultivation  fairly  easy  ;  reproduction  by  chlamydospores,  conidia, 
and  septated  and  unseptated  spindles. 

Microsporon  audouini  Gruby  1843. 

This  parasite  was  described  by  Gruby  in  1843,  but  his  investi- 
gation was  forgotten,  till  Sabouraud,  in  his  classical  researches 
on  ringworm  in  1892,  demonstrated  the  plurality  of  the  species  of 
the  fungi  found  in  this  affection,  and  showed  that  a  form  of  tinea 
capitis  was  due  to  the  microsporon  described  by  Gruby. 

Parasitic  Life. — Around  the  affected  hairs  the  fungus  forms  by 
means  of  its  mycelial  spores  a  white  opaque  sheath,  extending  2  or 
3  millimetres  above  the  opening  of  the  follicle  to  the  hair  bulb.  The 
sheath  is  composed  of  a  mosaic  of  small,  roundish,  or  polyhedral 
spores,  the  diameter  of  which  varies  between  2  and  3  /x.  In  the 
interior  of  the  hair  a  few  mycelial  filaments  of  the  fungus  may  be 
observed.  The  fungus  very  seldom  attacks  glabrous  parts  of  the 
body. 

Saprophytic  Life. — Cultures. — Microsporon  audouini  grows  well  on 
Sabouraud's  maltose  agar  and  other  media.  The  rate  of  growing 
is  very  slow.  In  maltose  agar  the  growth  becomes  evident  about 
a  week  after  inoculation  under  the  appearance  of  a  plaque,  beneath 
the  surface,  of  a  so-called  '  satiny  aspect.'  In  a  few  days  more 
aerial  hyphae  develop,  extending  above  the  surface.  When  the 
development  is  complete — generally  this  takes  about  six  to  eight 
weeks — the  growth  is  roundish,  and  presents  often  a  central  knob, 
and  some  concentric  rings  of  a  whitish,  greyish  1  colour.  The 
cultural  characters,  however,  are  variable  ;  pleiomorphism  is  of 
common  occurrence.  The  cultural  characters  have  been  thoroughly 
investigated  by  Sabouraud,  Fox  and  Blaxal,  Bodin,  and  others. 
The  fungus  very  slowly  liquefies  gelatine  ;  on  potatoes  it  produces 
a  brownish  discoloration,  compared  by  Sabouraud  to  the  colour  of 
dried  blood. 
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Reproduction.— This  takes  place— 

1.  By  sprouts  from  the  mycehal  tubes. 

2.  By  small  terminal  and  lateral  conidia. 

3-  By  large  unilocular  or  multilocular  spindle  conidia.     These 
spmdles  are  large  structures  30  to  60  fx.  in  length,  and  15  to  18  /u  in 
breadth.    They  may  be  septated 
or  non-septated. 

4.  By  formation  of  chlamydo- 
spores. 

Pathogenesis. — M  icrosporon 
audouini  causes  the  most  obsti- 
nate form  of  tinea  capitis.  The 
patches  affected  are  often  large, 
scaly,  and  present  stumps,  pro- 
vided with  an  opaque  whitish 
sheath.  It  seldom  attacks 
glabrous  parts  of  the  body.  M. 
audouini  is  extremely  common 
in  England ;  rare  in  the  South 
of  Europe  (Italy)  ;  extremely 
rare  in  the  tropics.  We  have 
never  seen  cases  of  ring-worm 
due  to  M.  audouini  in  Equatorial  Africa  or  Ceylon,  but  a  few  cases 
have  been  described  in  Brazil  and  Madagascar. 

Varieties  of  Microsporon  audouini. — M.  audouini  seems  to  live 
only  on  the  human  subject,  but  closely  allied  varieties  have  been 
found  by  Fox  in  cats,  by  Bodin  in  dogs,  by  Bodin,  Fox,  and  others 
in  horses.  These  varieties  may  affect  man.  Bodin  and  other  authors 
have  described  two  of  these  varieties  as  different  species  under  the 
name  of  Microsporon  equinum  Bodin  and  M.  caninum  Bodin,  seu 
M.  lanosum  Sabouraud. 


Fig.  271.— Microsporon. 

(From  cultures.) 

,  Septated  spindle  body;  2,  mycelium. 


Genus  Trichophyton  Malmsten  1848. 

In  contrast  to  the  genus  Microsporon,  the  mycelial  spores  are 
large  (4  to  7  /i).  Hairy  and  non-hairy  parts  of  the  body  may  be 
attacked.  In  cultures  the  conidia  are  roundish,  and  often  sup- 
ported by  short  sterigmata. 

General  Considerations. — During  their  parasitic  life  the  species 
of  the  genus  Trichophyton  vegetate  according  to  two  types : 
(i)  Mycelial  filaments  ;  (2)  mycelial  spores. 

The  mycelial  filaments  consist  of  long  cylindrical  cells,  separated 
by  septa.  The  so-called  mycelial  spores  are  simply  a  modification 
of  the  mycelial  filaments,  due  to  the  septa  being  much  closer,  so 
that  the  cells  Hmited  by  them  are  almost  as  broad  as  they  are  long. 
The  term  '  mycelial  spores '  is  incorrect,  as  they  are  not  organs  of 
reproduction,  but  only  vegetative  organs. 

When  the  shape  of  these  mycelial  spores  or  sporulating  mycelia 
is  roundish  or  oval,  the  filament  takes  a  moniliform  appearance. 
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Moreover,  these  cells  are  easily  dissociated.  Such  type  is  called 
'  fragile  mycelium.'  To  this  type  belongs,  for  instance.  Trichophyton 
sabouraudi  R.  Blanchard. 

When  the  mycelial  spores  are  square,  the  filament  straight,  and 
its  articles  long,  the  mycelium  is  called  'resistant.'  This  type  is 
observed,  for  example,  in  Trichophyton  tonsurans  Malmsten. 

Cultivation. — Most  Trichophytons  can  be  cultivated,  some  cannot. 
The  best  medium  is  Sabouraud's  maltose  agar,  the  composition 
of  which  is  the  following  : 


Maltose 

Peptone  Chassaing 

Agar 

Distilled  water 


4  grammes. 
I  gramme. 
1-50  grammes. 
100  c.c. 


On  this  medium,  however,  pleiomorphism  is  of  frequent  occur- 
rence, and  therefore,  for  comparative  studies,  cultures  on  ordinary 
agar  media  are  to  be  preferred. 

Reproduction. — ^The  reproduction  takes  place  by — 
I.  Lateral    and    terminal    conidia,    often    suported    by    short 
sterigmata. 

2.  Chlamydospores. 

3.  Large  terminal  septated  and  unsep- 
tated  spindles. 

Classification.  —  Trichophytons  can  be 
divided  into  the  following  groups  : 

I.  Endothrix. — ^The  fungus  develops 
in  the  interior  of  the  hair  ;  does  not  cause 
suppuration  ;  of  human  origin  only. 

The  species  of  Trichophytons  of  the  type 
Endothrix  are  Trichophyton  tonsurans, 
T.  sabouraudi,  T.  violaceum,  T.  foxi. 

II.  ECTOTHRIX    AND    EnDO-EcTOTHRIX. 

— The  fungus  is  present  only  on  the  surface 
of  the  hair,  or  both  on  the  surface  and  in 
the  interior ;  often  pyogenic ;  of  animal 
origin. 

The  species  of  the  group  Ectothrix  and 
Endo-Ectothrix  are :  T.  mentagrophytes, 
T.  depilans,  T.  equinum,  T.  felineum,  T. 
megnini,  T.  verrucosum,  T.  ochraceum, 
T.  album. 
III.  Tropical  Trichophytons. — The  fungi  do  not  attack  the  hair 

or  hair-follicles  ;  do  not  cause  suppuration. 
The   species   constituting  the  third  group  are  :    T.   albiscicans, 

T.  blanchardi,  T.  ceylonense,  T.  macfadieni.     It  is  to  be  noted  that 

in  the  tropics  also  Trichophytons  of  the  Endothrix  and  Ecto-  and 

Endo-ectothrix  type  are  often  found. 


Fig. 


272." 


-Trichophyton. 

(Preparation  from  cultures. 
After  Bodin.) 

I ,  Chlamydospore ;   2   and 
3,  septated  spindle  bodies. 
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Trichophyton  tonsurans  Malmsten  1845. 

Synonyms.— TncAowyces  tonsurans  Malmsten  1845,  Oidium  ton- 
surans Zopf  1890,  T.  megalosporum  endothrix  Sabouraud  1804, 
1 .  cratertforme  Bodin  1902. 

Causes  the  so-called  '  black-dotted  '  ringworm  ;  somewhat  rare  in 
Jingland ;  very  common  in  hot  cHmates  ;  type  Endothrix.  The 
mycelial  cells  are  large  (4  to  5  /*),  quadrangular  (so-called  resistant 
mycehum  type).  Grows  well  on  maltose  agar  and  other  media  ;  on 
maltose  agar  colonies  are  white  or  yel- 
lowish, often  crateriform,  and  present 
a  velvety  surf  ace  at  first,  later  powdery. 
In  hanging-drop  cultivations  spore- 
bearing  fructifications  can  be  seen. 

T.  tonsurans,  besides  producing  a 
type  of  tinea  capitis,  produces,  also,  a 
form  of  tinea  corporis. 

Trichophyton  sabouraudi 

R.  Blanchard  1895.  Fig.  273. — ^Trichophyton 

Cimnn.rm  T..'    1      J.1     X  •  TONSURANS    MaLMSTEN. 

synonym. — Inchophyton    acumtna-  ,„ 

turn  Bodin  1902.  (Preparation  of  a  haur  m  liquor 
T-,  .       .        ?     ,,        ,             T,    ,     ,    .  potassje.     After  Sabouraud.) 

This    IS    of    the    type    Endothrix. 

Mycelial  threads  have  a  moniliform  appearance,  and  their  articles 
become  easily  dissociated  (so-called  fragile  mycelium).  Grows 
well  on  maltose  agar,  giving  rise  to  conical  white  colonies  ;  often 
acuminate  with  central  plumes,  and  occasionally  may  present 
yellowish  or  pinkish  rings.  In  hanging-drop  cultures  aerial  fila- 
ments with  lateral  spores  are  seen. 

T.  sabouraudi  causes  a  form  of  tinea  capitis  called  by  Sabouraud 
'  tondante  peladoide.'    It  may  cause  also  a  variety  of  tinea  circinata. 

Trichophyton  violaceum  Bodin  1902. 

Discovered  by  Sabouraud  in  a  case  of  tinea  barbae ;  belongs  to  the 
type  Endothrix.  The  colonies  on  maltose  agar  are  at  first  of  a  light 
brownish  colour,  and  become  violet  later  on.  This  species  is  common 
in  Italy.     It  is  occasionally  found  in  the  tropics. 

Trichophyton  flavum  Fox  1908. 

Described  by  Colcott  Fox  in  some  cases  of  tinea  capitis,  Endothrix 
type.  Grows  easily  on  various  sugar  media,  its  colonies  being 
characterized  by  a  central  reddish  nodule,  which  later  becomes 
crateriform  assuming  a  speckled  appearance.  The  rest  of  the 
culture  has  a  delicate  but  distinct  primrose  colour. 
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Trichophyton  mentagrophytes  Robin  1853. 

Synonyms. — Microsporon  mentagrophytes  Robin  1853,  Sporotrichum 
mentagrophytes  Saccardo  1886. 

Endo-ectothrix,  mycelial  spores  being  mostly  situated  outside  the 
cuticle  of  the  hair,  while  a  few  are  found  in  the  interior.  The  spores 
are  of  very  unequal  size  (2  to  11  ju).  On  maltose  agar  very  large 
colonies,  of  a  white  colour,  appear  with  surface  often  presenting 
radial  furrows.  This  Trichophyton  is  of  animal  origin  (horses,  cows, 
dogs,  and  perhaps  pigs  and  sheep) ;  it  is  pyogenic  in  man,  giving 
rise  to  a  form  of  trichophytic  sycosis,  and  also  to  a  variety  of  tinea 
corporis  with  suppurative  foci. 

Trichophyton  depilans  M^gnin  1879. 

Synonym. — T.  flavum  Bodin  1902. 

Endo-ectothrix ;  mycelial  spores  oval  (5  to  11  /t)  ;  colonies  on 
maltose  agar  of  a  yellowish  colour  ;  is  parasitic  in  the  horse  and  the 
calf  ;  may  occasionally  infect  man,  giving  rise  to  a  variety  of  tinea 
barbae.  In  contrast  to  T.  mentagrophytes,  this  Trichophyton  is  not 
pyogenic. 

Trichophyton  equinum  Gedoelst  1902. 

Endo-ectothrix ;  mycelial  spores  oval,  4  to  6  yu  in  length ;  on  mal- 
tose agar  white  orbicular  colonies  appear ;  and  later  the  portion  of 
the  colony  which  is  in  contact  with  the  medium  becomes  yellowish, 
and  afterwards  dark  red.  This  Trichophyton  is  parasitic  of  the 
horse,  and  may  attack  man  ;  is  not  pyogenic. 

Trichophyton  felineum  R.  Blanchard  1895. 

Ectothrix ;  fragile  mycelium  ;  parasitic  on  cats,  and  also  on  dogs, 
horses,  calves;  may  infect  man,  giving  rise  to  a  variety  of  tinea 
capitis  or  to  a  peculiar  form  of  tinea  corporis,  described  by  Sabouraud 
under  the  name  of  '  circinate  dysidriform  trichophytosis.' 

Trichophyton  megnini  R.  Blanchard  1895. 

Synonym. — T.  roseum  Bodin  1902,  T.  rosaceum  Bodin  1902. 

Endo-ectothrix ;  the  mycelial  spores  found  in  the  interior  of  the 
hairs  are  very  large — 8  to  9  /i  in  diameter  ;  colonies  on  maltose  agar 
at  first  white,  later  pinkish  or  of  a  deep  rose  colour ;  parasitic  in 
fowls  and  pigeons  ;  may  infect  man,  causing  a  variety  of  tinea 
barba. 

Trichophyton  verrucosum  Bodin  1895. 

Endo-ectothrix.  Though  this  fungus  produces  typical  tricho- 
phytic lesions,  its  cultural  characters  are  somewhat  similar  to  those 
of  an  Achorion — grey  acuminate  cultures  with  irregular  verrucose 
surface.  It  is  found  parasitic  on  the  donkey.  The  same  or  similar 
species  are  found  parasitic  on  the  horse  and  on  some  birds.  All 
these  so-called  faviform  Trichophytons  may  occasionally  infect  man. 
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Trichophyton  ochraceum  Sabouraud  1907. 
iJjF^  Ectothrix,  of  animal  origin  ;  cultures  somewhat  similar  to 
lavus  Un  maltose  agar  the  colonies  are  characterized  by  a  yellow 
ochre  knob  On  ordmary  agar  the  surface  of  the  colonies  is  cere- 
briform.  Optmium  temperature,  25°  C.  It  is  easily  inoculated  in 
guinea-pigs.  -^ 

Trichophyton  album  Sabouraud  1907. 
The  cultures  are  extremely  like  favus,  but  are  generally  more 
deeply  umbellicated  and  more  regularly  folded.     Optimum  tem- 
perature, 25    C.     Can  be  inoculated  in  guinea-pigs. 

Trichophyton  albiscicans  Nieuwenhuis  1907. 
Found  in  tinea  albigena.     In  preparations  from  scrapings  the 
spores  are  very  rare  (4  to  5  /.  in  diameter).     Growth  on  maltose 
agar  very  slow;  colonies  whitish,  ^::3^,^ 

with  a  powdery  surface.  /a'*^^^^  ^ 

Trichophyton  macf adyeni  ^^  «^  ^^   ,q,  & 

Castellani  1905. 

Synonym.  —  Microsporon  mac  fad-  ^  . 

yeni  1905.  i.^ 

Found  in  tinea  alba ;    mycelial  Q 

threads  slender  (2  to  3  yu  in  breadth) ;  / 

spores  oval,  3  to  3-5  fj.  maximum  di-  ^  »■% 

ameter.  Grows  with  great  difficulty.  ^\ 

.&• 
Trichophyton  blanchardi  ^«^  „«? 

Castellani  1908.  ^  "' 


O"    " 


Synonym. — T.  sabouraudi  Castel-  -=*-=* 

lani  loo"^  '^'  274-— Trychophyton 

T-.      ^    r'    ■  r  ,      ,  .       1  MACFADYENI. 

jbound    m    a    form    of   tropical  cof-,i„^^     .«,  x    u  •    » 

j..-:i,i,j.-j         -t-ji-c-tL  (Stained  with  fuchsm.) 

tnchophytosis,  described  by  Sabou-  ' 

raud.    Mycelial  tubes  do  not  show  a  double  contour,  are  often  bent  ; 

spores  roundish,  of  various  size ;  cannot  be  grown. 

Trichophyton  ceylonense  Castellani  1908. 
Found  in  tinea  nigrocircinata ;  spores  rare,  roundish,  4  to  5  /t  in 
diameter ;  mycelium  regular,  with  a  double  contour.   The  fungus  can- 
not be  grown. 

Genul^  Epidermophyton  Sabouraud  1907. 

The  fungi  of  this  genus  grow  superficially  on  the  human  skin 
without  invading  the  hair  follicles ;  do  not  produce  suppuration. 
The  cultures  often  undergo  rapid  degenerative  changes.  Three 
species :  E.  cruris,  E.  ferneti,  E.  ruhrum. 

Epidermophyton  cruris  Castellani  1905. 
Synonyms. — Epidermophyton  inguinalis  Sabouraud  1907,  T.  cas- 
tellanii  Brook  1908,  T.  cruris  Castellani  1905. 

Found  in  most  cases  of  tinea  cruris,  or  dhobie  itch  ;  does  not 
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invade  the  hair  folHcles.  In  scrapings  from  the  affected  regions  the 
mycelial  tubes  are  generally  straight,  and  often  show  a  double 
contour.  In  old  cases  banana-shaped  form  and  other  degenerative 
forms  are  present.  The  fungus  grows  on  maltose  agar  very  slowly  ; 
colonies  orbicular-shaped  or  acuminate,  of  a  greyish-yellow  colour  ; 
later  they  become  greenish  white.  The  fungus  has  no  pyogenic 
properties. 

Epidermophyton  perneti  Castellani  1907. 

Synonyms. — T.  perneti  Castellani  1907. 

Found  in  some  cases  of  tinea  cruris  ;  very  similar  to  T.  cruris  ; 
the  growth,  however,  is  much  more  rapid,  and  the  cultures  present  a 
dehcate  pinkish  colour,  which  is  lost  in  subcultures. 

Epidermophyton  rubrum  Castellani  1909. 

Found  in  some  cases  of  dhobie  itch.  On  Sabouraud  and  glucose 
agars  the  growth  is  of  a  deep  red  colour ;  not  lost  in  subcultures. 

Genus  Endodermophyton  Castellani  1909. 

The  fungi  belonging  to  this  genus  are  characterized  by  their 
growing  between  the  superficial  and  deep  strata  of  the  epidermis 
forming  an  interlacing  felt  of  mycelia,  which  detaches  the  horny  and 
granular  layers  from  the  rete  Malpighi.  Do  not  invade  the  hair 
follicles ;  do  not  cause  suppuration.    So  far  have  not  been  cultivated. 

Endodermophyton  concentrieum  Blanchard  1901. 

Synonyms. — T.  mansoni  Castellani  1905,  Aspergillus  tokelaui 
Wehmer  1907. 

Causes  tinea  imbricata.     Fungus  very  abundant  in  the  scales ; 

mycelial  articles  straight,  regu-  • 
lar,  3  to  4  /I  in  breadth,  spores 
rather  large  (4  to  5  /x),  roundish 
or  oval.  According  to  Nieuwen- 
huis,  the  fungus  can  be  culti- 
vated, and  gives  rise  to  crateri- 
f  orm,  dark  -  coloured  colonies. 
We  have  been  unable  to  confirm 
Nieuwenhuis's  results  as  regards 
cultivation. 

Endodermophyton  castellani! 

Perry  1907. 
Causes  a  tropical  dermatomy- 
cosis  called  tinea  intersecta.    In 

Fig.  275.-EiJ^^^;;;^YTON  found    *^^''-  ^^'f^^^  *^^  mycelium  is  fairly 
IN  Tinea  Intersecta.  abundant,  but  tree  spores  are  ex- 

tremely rare  or  absent ;  mycehal 
threads  are  straight,  and  have  a  double  contour ;  breadth  3  to  3^  /* ; 
mycelium  may  ramify  ;  attempts  at  culti  nation  have  so  far  failed. 
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Genus  Achorion  Lebert  1845. 

During  parasitic  life  the  mycelial  segments  are  much  longer  than 
in  the  genera  Trichophyton  and  Microsporon,  and  form  the  well- 
known  sulphur-coloured  scutula.  In  cultures  on  solid  media,  often 
disc-like  colonies  somewhat  resembhng  scutula  arise;  gelatine  is 
liquefied  fairly  rapidly. 

Achorion  schoenleini  Lebert  1845. 

Synonyms. — Oidium  schoenleini  Lebert  1845,  0.  porriginis  Mon- 
tague, Oosppra  porriginis  Saccardo  1886. 

Causes  the  well-known  affection  called  favus,  which  is  char- 
acterized by  the  presence  of  peculiar  disc-shaped  crusts  called 
scutula,  of  a  yellow  colour,  and  emitting  an  offensive  odour  com- 
pared to  the  smell  of  mice's  urine. 

The  fungus  may  infect  the  hairs  or  glafcrous  parts  of  the  body  ; 
it  may  attack  the  nails.  In  the  hairs  the  mycelium  is  very  abun- 
dant, the  segments  being  comparatively  long. 

Sometimes  the  mycelial  threads  divide  into  three  or  four  branches, 
each  of  which  terminates  in  a  single  row  of  roundish  spores.  This 
is  known  as  favic  tarsus. 

Cultures. — Achorion  schoenleini  grows  very  slowly  on  maltose  agar. 
The  colonies  are  at  first  whitish  and  roundish,  later  may  become 
brownish,  and,  apart  from  the  colour,  closely 
resemble  the  scutula.  Gelatine  is  liquefied  in 
between  three  to  four  days,  while  the  Tricho- 
phytons take  fifteen  to  twenty  days. 

Reproduction. — ^This  takes  place — 

1.  By  endoconidia  and  external  lateral 
conidia. 

2.  By  sprouting. 

3.  By  elongated  fusiform  structures  analo- 
gous to  the  so-called  '  spindles  '  of  the  Tricho- 
phytons and  Microsporons,  only  slenderer  and 
not  septate.  These  formations  are  called  by 
the  French  authors  chandeliers  faviques,  on 
account  of  their  shape  somewhat  resembling  a 
candlestick. 

4.  By  so-called  '  favus  claviform  bodies '  or 
'  yellow  bodies,'  which  are  claviform  structures  8  to  15  /^  in 
diameter,  showing  a  double  contour,  and  containing  a  granular 
substance.  These  structures  should  probably  be  considered  to  be 
chlamydospores. 

Sabouraud  admits  only  one  species  of  Achorion,  other  authors 
several.  Neebe  and  Unna  have  described  as  many  as  nine : 
Achorion  cysticum,  A.  tarsiferon,  A.  moniliforme,  A.  demergens, 
A.  akromegalicum,  A.  dikroon,  A.  radians,  A.  euthythrix,  A.  atacton. 

In  the  lower  animals — mouse  and  cat — very  similar  species  to 
A.  schoenleini  have  been  found.     The  variety  found  in  the  mouse 


Fig.  376. — So-called 
Yellow  Bodies  in 
Cultures  of  Acho- 
rion SCHCENLEINI 
Lebert. 

(After  Bodin.) 


6i2       BIOLOGICAL  CAUSES  OF  DISEASE— THALLOPHYTA 

has  been  described  by  Zopf  1890  under  the  name  of  A.  quinkenaum, 
and  may  infect  man,  as  observed  by  Bodin,  Admason,  and  others. 
It  grows  readily  on  maltose  agar  producing  white  downy  colonies. 

In  the  dog  and  in  fowls  diseases  closely  resembling  human  f avus 
are  observed,  but  they  are  due  to  fungi  not  belonging  to  the  genus 
A  chorion.  The  favus  of  dogs  is  due  to  a  fungus  of  the  genus 
Oospora—0.  canina  Costantin  and  Sabrazes  1893 ;  the  favus  of  fowls 
is  caused  by  a  Lophophyton — L.  gallince  M^gnin  1881. 

Achorion  gypseum  Bodin  1907. 

Described  by  Bodin  in  1907  in  a  few  cases  of  favus.  ^  This  fungus 
shows  transition  characters  between  the  genus  Achorion  and  the 
genus  Microsporon.  In  cultures  it  presents  all  the  principal  char- 
acters of  a  microsporon,  but  causes  in  man  classical  favus  lesions.  It 
is  easily  inoculated  in  guinea-pigs  and  mice,  in  which  it  produces 
typical  scutula.  ' 

Genus  Oospora. 

Mycelium  very  slender ;  some  mycelial  threads  abstrict  at  their 
extremities  chains  of  spores. 

Oospora  tozenri  NicoUe  and  Pinoy  1908. 
Causes  a  variety  of  black  mycetoma  in  Algeria  and  Tunis.  Masses 
of  the  fungus  give  rise  to  small,  hard  black  grains.  During  parasitic 
life  the  mycelium  is  septate,  ramified,  i  to  4  /i  in  breadth ;  chlamydo- 
spores  present.  On  maltose  agar  the  fungus  grows  best  at  35°  C, 
giving  rise  to  whitish  colonies,  while  the  medium  becomes  black. 
Structures  similar  to  the  so-called  '  favus  claviform  bodies  '  have 
been  observed  ;  some  hyphse  consist  of  strings  of  small  cylindrical 
elements  4  /^  in  length  and  2  ^  in  breadth. 

Oospora  canina  Costantin-Sabrazes  1893. 
Causes  the  favus  of  dogs  ;  may  be  transmitted  to  man,  but  seldom 
gives  rise  to  typical  favus  lesions.     Only  mode  of  reproduction  so 
far  known  is  by  chains  of  conidia. 

Oospora  lingualis  Gueguen  1909. 
Thin  mycelial  tubes,  articles  of  which  are  easily  dissociated.     In 
cultures  chlamydospores  are  present  and  structures  resembling  the 
claviform  bodies  of  achorion  observed  in  cases  of  Lingua  pilosa. 

Genus  Montoyella  Castellani  1907. 
Two  kinds  of  mycelial  threads :  some  slender,  ramified,  septate ; 
others  much  thicker,   having  numerous  intermediate  chlamydo- 
spores.    From  the  thicker  filaments  delicate  hyphse  take   origin 
which  terminate  into  large  pear-shaped  or  globular  conidia. 

Montoyella  nigra  Castellani  1907. 
Colonies  on  maltose  agar  black.     If  glycerine  agar  is  used,  the 
medium  takes  a  black  colour.     This  species,  discovered  by  Montoya, 
is  common  in  black  pinta. 
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Montoyella  bodini  Castellani  1907. 
Found  by  Bodin  in  a  case  of  red  pinta  ;  colonies  whitish  or  greyish. 

SUBORDER  CARPOASCEES. 

This  suborder  of  Ascomycetes  is  characterized  by  the  fact  that 
the  asci  are  not  free,  and  do  not  spring  directly  from  the  mycelium. 
They  are  produced  in  special  fructiiications. 

Of  the  suborder  Carpoascees,  only  two  families,  the  PerisporiacecB 
and  the  Pyrenomycetes,  contain  species  parasitic  on  man. 

Family  Perisporiace^. 
The  ascagenous  hyphae  are  enclosed  by  a  compact  envelope  of 
interwoven,  sterile  filaments.     On  the  rupture  or  disintegration  of 
this  envelope  (perithecium)  the  ascospores  become  free.     In  many 
cases  reproduction  takes  place  also  by  means  of  conidia. 

Table  showing  Perisporiace^  Parasitic  in  Man. 

Family.  Genus.  Species. 

'  P.  crustaceum. 
P.  minimum. 
P.  barbae.  i 

P.  bouffardi. 
P.  montoyai. 
P.  pruriosum.  '     _ 

A.  fumigatus. 
A.  bronchialis. 
A.  glaucus. 
A.  nigrescens. 
A.  repens. 

A.  malignus.  ; 

■(   A.  flavus. 
A.  nidulans. 
A.  niger.  ; , 

A.  pictor.  ' 

A.  barbae. 
A.  bouffardi. 
A.  fontoynonti. 

Genus  Penicillium  Link  1809. 

The  whole  fruit-bearing  hypha  with  its  sterigmata  and  conidia 
resembles  a  hair-pencil,  hence  the  name  of  the  genus  [Pemcilhum  = 
hair-pencil).  The  conidiophore  hypha  shows  verticillate  branches, 
which  give  rise  to  slender  fusiform  formations  (sterigmata)  abstrict- 
ing  chains  of  conidia. 

Penicillium  crustaceum  Link.  1763. 

Synonyms.— Mwcoy  crustaceus  alhus  Link.  1763,  MonUia  digitata 
Persoon,  Penicillium  glaucum  Link.  1809,  P  expansum  Lmk. 

An  extremely  common  saprophyte  found  on  bread,  cheese,  fruits, 
and  various  organic  substances  in  a  state  of  decomposition. 
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The  conidia  are  spherical  or  slightly  elliptical ;  maximum  diameter 

4  a      This  fungus  grows  well  at  any  temperature  between  2    C. 

and  35°  C,  and  is  very  resistant.     It  has  been  found  m  man  by 

Maeriora  and  Gradenigo   in  two  cases   of  otitis  media.     .  ■tiein- 

^^  horn    has   observed  it  in  the 

vorriiting  of  four  cases  of  acid 
dyspepsia. 

Wertheim  has  observed  that 
the  intravenous  inoculation  of 
P.  crustaceum  is  pathogenic  to 
rabbits,  dogs,  and  lambs. 

Penicillium  minimum 

Siebenmann  1889. 
Found    in   a   case   of  acute 
otitis  by  Siebenmann.    Conidia 
are    brownish  -  black,    smaller 
than  in  P.  crustaceum. 

Penicillium  montoyai 

Castellani  IQ07. 
Fig.   277. — Penicillium   fructi-  ,.,  ■,-,,■, 

FicATioN.  Conidia  roundish  or  slightly 

oval,   smooth,    3   to   4I  fi   in 

diameter.     Grows  well  on  maltose  agar  and  ordinary  agar ;  cultures 

of  dark  greyish  colour.     Discovered  by  Montoya  in  cases  of  pinta, 

of  the  greyish-violet  variety.     Similar  species,  not  yet  well  defined, 

are  found  in  other  varieties  of  pinta. 

Penicillium  barbae  Castellani  1907. 

Found  by  us  growing  on  the  hairs  of  the  beard  of  natives  of 
Equatorial  Africa  and  in  natives  of  Ceylon. 

Penicillium  pruriosum  Salisbury. 

Doubtful  species  found  by  Salisbury  in  the  vaginal  mucus  of  a 
woman  suffering  from  intense  vaginal  pruritus. 

Penicillium  bouffardi  Brumpt  1906. 
Found  by  Bouffard  in  a  mycetoma  with  red  granules  ;  grows 
well  on  sugar  media,  giving  rise  to  red  colonies. 

Genus  Aspergillus  Micheli  1725. 

The  conidiophore  hyphse  are  not  ramified,  and  terminate  into 
ovoid  or  roundish  formations,  which  support  numerous  claviform 
elements  (sterigniata),  each  of  which  gives  rise  to  a  chain  of  roundish 
conidia. 

Aspergilli  are  generally  saprophytes,  but  they  may  become 
parasites.     They  are  easily  grown  on  acid  media,  liquid  or  solid. 
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and  also  on  alkaline  media.  When  growing  as  parasites  in  animal 
tissues,  they  very  often  lose  their  typical  morphological  characters, 
and  appear  as  yeast-like,  oidium-like,  and  actinomycotic-like 
forms. 

Aspergillus  fumigatus  Fresenius  1775. 

The  commonest  Aspergillus,  very  often  found  on  various  cereals 
straw,  hay,  etc.  On  solid  media  it  produces  a  brownish  or  greenish- 
brown,  culture.  The  mycelial  filaments  are  more  or  less  ramified, 
the  breadth  varying  between  2  and  3  /*.  The  conidiophore  hyphje 
are  much  thicker  than  themycehal 
tubes,  being  about  5  /*  in  breadth. 
The  sterigmata  are  6  /*  long ;  the 
conidia  are  roundish,  25  to  3  /* 
in  diameter. 

This  Aspergillus  is  the  species 
most  frequently  found  in  man, 
giving  rise  to  an  aspergillosis  of 
various  organs.  The  spores  are 
very  resistant.  Perchloride  of 
mercury  is  the  antiseptic  which 
has  the  greatest  destructive  action 
on  these  spores. 

Aspergillus  niger  von 
Tieghem  1867. 

Synonyms.— Sferigmatocysiis  Fig.  278. — Aspergillus  fumigatus. 
antacustica  Cramer  1869,  Eurotium 

nigrum  De  Bary  1870,  Monilia  pulla  Persoon,  Aspergillus  nigricans 
Wreden  1874. 

Erected  conidiophores ;  hyphse  more  than  i  millimetre  in  length. 
Conidia  globular,  315  to  415  /*  in  diameter,  provided  with  a  mem- 
brane of  a  brownish-violet  colour.  Commonly  found  in  decaying 
organic  substances.  It  was  first  observed  in  man  by  Cramer,  who 
observed  it  in  the  ear  of  a  deaf  patient.  Later  it  was  observed  by 
Furbringer  and  others  in  mycotic  affections  of  the  lungs. 

Aspergillus  barbae  Castellani  1907. 

Found  by  us  in  natives  of  Uganda,  and  in  natives  of  Ceylon. 
Conidia  spherical,  4  to  5  /*,  of  a  brownish  colour. 

Aspergillus  fontoynonti  Gueguen  1909. 

Found  in  cases  of  juxta-articular  nodes  by  Fontoynont  and 
Carougean.  Small  size,  150  to  200  /t;  conidiophores,  14  to  18  /x  in 
diameter ;  conidia  oval,  3  to  5  by  4  to  6  a*- 

Aspergillus  nigrescens  Robin. 
Doubtful  species,  which,  according  to  Wie.nfeld,  causes  a  faviform 
eruption. 
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Aspergillus  flavus  De  Bary  1870. 

Synonyms. — Monilia  aurea  Gmelin  1791,  Eurotium  flavum  De 
Bary  1870,  Aspergillus  fiavescens  Wreden  1874. 

Conidiophore  hyphae  terminate  in  a  roundish  formation  of  a  gold- 
yellow  colour.  The  conidia  are  dark  yellow,  roundish,  5  to  7  /*  in 
diameter,  with  a  surface  showing  numerous  small  mammillar 
prominences.  Found  by  several  authors  (Wreden,  Siebenmann, 
etc.)  in  the  ear. 

Aspergillus  bronchialis  Blumentritt  1901. 

Mycelium  of  a  white  colour,  much  ramified ;  conidiophore  hyphas 
are  6-2  to  i2'6  fj..  Conidia  roundish,  with  a  smooth  surface,  of  a 
greyish-greenish  colour.  This  Aspergillus  was  found  by  Chiari  in 
the  bronchi  of  a  patient  who  had  died  of  diabetes.  It  has  not  yet 
been  found  as  a  saprophyte. 

Aspergillus  malignus  Lindt  1889. 

Doubtful  species  found  in  the  ear  by  Lindt,  according  to  whom 
it  was  very  pathogenic  for  rabbits. 

Aspergillus  repens  De  Bary  1870. 

Synonym. — Eurotium  repens  De  Bary  1870. 

Mycelium  of  a  yellowish-green  colour.  Conidia  large — 7  to 
8-5  /*.  Found  by  Siebenmann  in  the  ear  three  times.  Its  patho- 
genic role  is  doubtful. 

Aspergillus  nidulans  Eidam  1883. 

Synonym. — Sterigmatocystis  nidulans  Eidam  1883. 

Mycelium  of  a  greenish  colour.  Conidiophores  are  erect,  0-5  to  o-8 
millimetres  in  length.  Presence  of  primary  sterigmata  supporting 
secondary  sterigmata,  each  of  which  gives  rise  to  a  chain  of  conidia. 
Conidia  small  (3  /*  in  diameter),  globular,  of  a  greenish  colour.  This 
species  is  found  living  saprophytic  in  certain  nests,  hence  the 
name  A.  nidulans.  In  man  it  has  been  found  in  several  cases  of 
otomycosis  ;  Nicolle  has  found  it,  or  a  very  similar  species,  in  a  case 
of  mycetoma  with  white  granules. 

Aspergillus  pictor  R.  Blanchard  1895. 

Synonym. — Trichophyton  pictor  R.  Blanchard  1895. 

The  term  Aspergillus  [Trichophyton)  pictor,  introduced  by 
Blanchard  in  1895,  before  the  plurality  of  species  of  the  fungi  found 
in  pinta  was  demonstrated,  is  now  used  to  denote  the  species  of 
Aspergillus  which  is  found  in  the  pure  violet  variety  of  pinta. 

This  fungus  shows  the  typical  morphological  characters  of  the 
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Fig.  279. — Aspergillus 

FOUND    IN    PiNTA. 

(After  Montoya  y  F]orez.) 


genus  Aspergillus.  It  grows  easily  in  various  sugar  media.  On 
maltose  agar  the  growth  has  at  first  a  whitish  colour,  which 
atterwards  changes  mto  greenish,  to 
become  violet  or  greenish  with  a  violet 
tmge  in  a  later  period.  The  colour  of 
the  growth  may  vary  according  to  the 
medium  on  which  cultivation  takes 
place.  The  conidiophores  are  compara- 
tively thick  ;  the  conidia  are  globular, 
with  a  smooth  surface. 

Several  other  species  of  aspergillar 
and  aspergillar-like  fungi  are  found  in 
pinta,  but  their  botanical  position  has 
not  yet  been  defined  with  certainty. 

Aspergillus  bouffardi  Brumpt  1905. 

Found  by  Bouffard  in  a  case  of  black 
mycetoma  and  completely  described 
by  Brumpt.  Mycelium  whitish  in  some 
zones,  dark  brownish  in  others.  Con- 
idiophores ^erect,  white,  terminated  in 
a  claviform  structure,  bearing  some  short  chains  of  roundish  conidia. 
Chlamydospores  present,  5  to  10  //,  in  diameter.  Attempts  at 
cultivation  did  not  succeed. 

Remarks  on  Aspergillomyeoses.— These  affections  are  common 
in  man  and  the  lower  animals. 

1.  Aspergillosis  of  the  Lungs  ;  Aspergillar  Pseudo-tuber- 
culosis ;  Pneumomycosis  of  Aspergillar  Origin. — Aspergilli 
develop  sometimes  in  the  mucosa  of  the  trachea,  of  bronchi,  and 
even  in  the  pulmonary  alveoU,  without  giving  rise  to  any  pathogenic 
effect.  In  other  cases  the  fungi  induce  pseudo-membranous  and 
ulcerative  lesions.  A  very  serious  affection  is  a  form  of  pseudo- 
tuberculosis (pseudo-tuberculosis  aspergillina)  characterized  by  the 
presence  of  mycotic  nodules  in  the  lungs,  liver,  kidneys,  and  other 
organs.  This  affection,  due  to  A.  fumigatus,  is  very  common 
in  some  parts  of  France  among  pigeon-breeders  [gaveurs  de  pigeons). 
The  same  affection  attacks  the  pigeons.  The  infection  is  probably 
caused  by  spores  of  A .  fumigatus  being  present  in  the  grains  used 
for  feeding  the  pigeons. 

2.  Aspergillosis  of  the  Eye. — A.  fumigatus  has  been  found 
several  times  in  ulcers  of  the  cornea  (keratomycosis  aspergillina). 

3.  Aspergillosis  of  the  Ear  (Otomycosis  aspergillina). — 
Various  species  of  Aspergillus  have  been  found  in  the  ear.  In  Some 
cases  they  may  give  rise  to  a  serious  otitis,  deafness,  and  tinnitus. 
Aspergillosis  of  the  ear  is  not  rare  in  the  tropics.  Syringing  with 
hydrogen  peroxide  two  parts  and  alcohol  one  part  is  useful. 

4.  Aspergillosis  of  the  Nose. — A.  glaums  and  A .  fumigatus  have 
been  found  in  the  nasal  cavities  ;  the  first  apparently  does  not  cause 
any  disturbance.  The  second  causes  various  inflammatory  symptoms. 
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5.  Aspergillosis  of  Wounds  and  Ulcers.— In  wounds  not 
properly  treated,  and  in  old  ulcers,  Asfergilli  have  been  occa- 
sionally found. 

6.  Aspergillosis  of  the  Urethra. — In  several  cases  a  black 
urethral  discharge  has  been  observed,  due  to  A .  niger. 

7.  Aspergillosis  of  the  Skin.  —  Montoya's  investigation  has 
shown  that  several  varieties  of  pinta.  are  due  to  fungi  of  the  genus 
Aspergillus.  Another  important  tropical  skin  disease.  Tinea  im- 
bricata,  is,  according  to  some  observers  (Tribondeau,  Wehmer), 
due  to  an  Aspergillus— A .  tokelau  Wehmer  1903.  In  our  experience 
the  fungus  of  T.  imbricaia  never  shows  aspergillar  fructifications, 
and  cannot  be  considered  to  be  an  aspergillus. 

AspergilU  may  also  cause  some  varieties  of  mycetoma 

Family  Pyrenomycetes. 

Ascomycetous  fungi  in  whicli  the  asci  are  contained  in  a  perithecium  pre- 
senting an  orifice  at  the  apex  for  the  escape  of  the  spores.  According  to  sorne 
authors,  species  of  this  family  have  been  found  parasitic  in  man.  This  is 
very  doubtful,  though  Schubert  states  that  he  found  in  the  nasal  mucus  of  a. 
patient  an  organism  closely  allied  to  Botryiis  bassiana,  which  latter  species,  as 
is  well  known,  causes  the  disease  of  silkworm  called  muscardin. 

ORDER  BASIDIOMYCETES. 

Basidiomycetes  have  a  septate  mycelium,  and  are  devoid  of  sexual 
reproduction.  They  reproduce  by  formation  of  basidia.  Other 
accessory  fructifications  may  be  present — as,  for  example,  chlainy- 
dospores.  The  basidia  are  of  two  principal  types  :  (i)  autobasidia  ; 
(2)  protobasidia. 

The  autobasidia  are  large,  unseptated  cells,  giving  rise  at  their 
apices  to  four  delicate  sterigmata,  each  of  which  bears  a  spore. 

The  protobasidia  are  septated,  and  appear  in  two  chief  forms  : 

A.  Septated  into  four  cells,  each  giving  rise  to  a  spore  from  a 
lateral  inserted  sterigma. 

B.  Septated  by  walls  intersecting  at  right  angles,  each  cell  ending 
in  an  elongated  tubular  sterigma. 

Of  the  Basidiomycetes,  one  species  {Ustilago  hypodytes)  of  the 
family  Ustilagineae  is  of  special  importance,  while  two  others 
[U.  carbo  and  Tilletia  levis)  may  produce  otomycosis. 

Ustilago  hypodytes  Schlecht. 

The  mycelium  penetrates  the  stem  and  leaves  of  Arundo  donax  in  some 
parts  of  Provence.  After  a  time  the  mycelium  produces  innumerable 
so-called  brand  spores  by  a  process  of  division  of  its  profusely  branched  hyphse. 
In  this  way  the  mycelium  is  transformed  into  a  brown  dark  mass  of  spores. 

These  brand  spores,  as  regards  the  mode  of  their  formation,  may  be  con- 
sidered chlamydospores.  The  brand  spores  are  resting  spores ;  they  are 
scattered  by  the  wind,  and  after  an  interval  of  rest  they  germinate,  producing 
conidiospores  of  a  basidium-like  type. 

The  spores  of  U.  hypodytes  are  the  cause,- according  to  most  authors,  of  a 
peculiar  afEection  found  among  workers  who  have  to  do  with  the  cutting,  etc., 
of  A.  donax.  This  affection  is  called  '  frienite,'  or  '  frien  disease.'  The 
patient  complains  of  symptoms  somewhat  resembling  hay-fever,  sneezing, 
headache,  etc.,  and,  in  addition,  shows  an  erythematous  eruption  on  the  un- 
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covered  part  of  the  body,  and  often  also  on  the  genital  organs,  which  may 
become  greatly  oedematous. 

According  to  a  few  other  observers,  the  cause  of  this  peculiar  disease  is  to 
be  found,  not  in  the  spores  of  UsHlago,  but  in  an  insect — Aclerda  berlesei — 
which  often  swarmg  on  various  canes.  The  workers,  in  manipulating  the 
canes,  squash  some  of  these  insects.  The  irritating  juice  exuding  from  the 
squashed  insects  produces  a  dermatitis  of  an  erythematous  type. 

ORDER  HYPHOMYCETES  (MUCIDINEES  OR  FUNGI  IMPERFECTI). 

This  order  contains  groups  of  very  different  fungi,  the  botanical  posi- 
tion of  which  cannot  be  conclusively  made  out  in  the  present  state  of 
our  knowledge.  For  the  classification  of  these  fungi  it  is  necessary  to 
take  into  account,  not  only  their  morphological  botanical  characters, 
but  also  their  biological  characters  and  pathogenic  properties. 

The  following  genera  of  Hyphomycetes  contains  species  parasitic 
in  man  :  (i)  Discomyces  Rivolta  1878  ;  (2)  Madurella  Brumpt  1905  ; 
(3)  Indiella  Brumpt  1905  ;  (4)  Trichothecium  Link  1824  ;  (5)  Monilia 
Persoon  1801 ;  (6)  Sporotrichum  Link  1809  ;  (7)  Trichosporum  Behrend 
1890  ;  (8)  Microsporoides  Neveu-Lemaire  1906  ;  (9)  Pityrosporum 
Sabouraud;  (10)  Hemispora  Vuillemin  1906;  (11)  Malassezia  Ch. 
Robini  1853  ;   (12)  Foxia  Castellani  1908. 

Genus  Discomyces  Rivolta  1870. 
Some  mycelial  filaments  terminate  in  club-like  formations,  and 
show  a  radial  arrangement ;  masses  of  mycelium  give  origin  to  pecu- 
liar granules  or  '  grains  '  of  various  consistence  and  colour,  according 
to  the  different  species.  These  fungi  are  parasitic  in  man  and  lower 
animals,  and  may  live  as  saprophytes  or  parasites  on  plants. 

Discomyces  bovis  Harz  1877. 

Synonyms. — Actinomyces  bovis  Harz  1877,  Discomyces  bovis 
Rivolta  1877,  Nocardia  actinomyces  Toni  and  Trevisan  1889,  Strepto- 
thrix  actinomyces  Rossi-Doria  1891,  Oospora  bovis  Sauvageau  and 
Radais  1892,  Actinomyces  bovis  sulphur eus  Gasperini  1894,  Nocardia 
bovis  R.  Blanchard  1895,  Streptothrix  israeli  Kruse  1896,  Cladothrix 
actinomyces  Mace  1897,  Discomyces  bovis  R.  Blanchard  1900,  Strepto- 
thrix spitzi  Lignieres  and  Spitz  1903. 

This  Discomyces  is  the  cause  of  human  and  bovine  actmomy- 
cosis,  and  of  the  actinomycotic  mycetoma.  The  fungus  lives  parasitic 
in  most  tissues,  in  which  it  gives  rise  to  degenerative  and  purulent 
changes.  In  the  pus  small,  soft  yellow  granules— so-called  '  sulphur 
grains  '—are  seen.  These  sulphur  grains  consist  of  masses  of 
mycelium.  At  the  periphery  of  the  granule  the  threads  are  radially 
arranged,  and  their  free  extremities  become  club-like,  10  to  20  milli- 
metres in  length  and  8  to  10  millimetres  in  breadth.  These  peculiar 
club-like  formations  had  been  considered  by  some  authors  to  be 
degeneration  forms  of  the  fungus,  but  Brumpt  has  demonstrated 
that  they  are  young  active  forms,  and  disappear  in  old  granules. 

Cultures.— The  fungus  grows  easily  on  agar,  glycermated  agar, 
gelatine,  broth,  potato,  and  other  media.     Optimum  temperature, 
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35°  to  37°  C.  On  solid  media  the  colonies  develop  fairly  rapidly, 
and  have  a  coarse  granular  appearance.  The  fungus  is  Gram- 
positive  but  not  acid  fast. 

Saprophytic  Life.— The  fungus  is  often  found  as  saprophytic  on 
the  spikelets  of  some  cereals  [Phleum  pratense  Linnaeus,  Hordeum 
murinum  Linnaeus,  etc.). 

Varieties.— Gasperini  describes  three  varieties  of  Discomyces  hovis 
— D.  hovis  sulphureus,  albus,  and  luteo-roseus.  Caminiti  has  de- 
scribed a  variety  which  he  thinks  may  be  a  new  species. 

Other  authors  have  described  as  a  separate  species  {D.israeli) 
a  Discomyces  found  in  several  cases  of  human  actinomycosis.  Ac- 
cording to  Wright  and  the  majority  of  authors,  D.  israeliis  identical 
with  D.  bovis. 

Discomyces  fbrsteri  Cohn  1874. 

Mycelial  threads  very  slender,  non-ramified,  often  terminating  in 
a  chain  of  rod-like  or  coccus-like  elements.  Masses  of  the  fungus 
form  some  peculiar  whitish  bodies,  which  have  been  occasionally 
found  in  the  lachrymal  canals  of  man. 

Discomyces  rosenbachi  Kruse  1896. 

Synonym. — Streptothrix  rosenbachi  Kruse  1896. 

Isolated  by  Rosenbach  in  a  skin  affection  called  by  him  '  erysipe- 
loid.' Mycelial  threads  very  slender ;  some  terminate  in  club-like 
swellings.     Can  be  cultivated  on  the  ordinary  media. 

Discomyces  asteroides  Eppinger  1890. 

Synonyms. — Cladothrix  asteroides  Eppinger  1890,  Streptothrix 
eppingeri  Rossi -Doria  1891,  Oospora  asteroides  Sauvageau  and 
Radais  1892,  Nocardia  asteroides.  R.  Blanchard  1895,  Discomyces 
freeri  Musgrave  and  Clegg  1907. 

Found  in  mycetoma  and  in  cases  of  abscess  of  the  brain.  MyceUal 
threads  very  slender  (o'2  /*  wide)  ;  the  mycelial  articles  become 
easily  dissociated,  when  they  look  bacillus-like.  This  fungus  is 
easily  cultivated  on  ordinary  media;  obligative  aerobe.  Inocula- 
tions in  the  rabbit  and  guinea-pigs  produce  a  form  of  pseudo- 
tuberculosis. 

Discomyces  brasiliensis  Lindenberg  1909. 

Found  by  Lindenberg  in  a  case  of  mycetoma  of  the  leg.  Small 
white-yellowish,  soft,  moriform  granules  (o-i  to  0-5  millimetre), 
consisting  of  very  delicate  ramified  mycelial  tubes  (o'052i  /x  in 
diameter).  Easily  cultivated.  Pinkish  growth  on  Sabouraud's 
medium. 

Discomyces  madurse  Vincent  1894. 

Synonyms. — Streptothrix  madurce  H.  Vincent  1894,  Nocardia 
madurcB  R.  Blanchard  1895. 

It  causes  Vincent's  white  mycetoma,  very  commonly  found  in 
Africa  and  Asia.     The  '  grains  '  which  are  found  in  the  pus  of  such 
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cases  are  soft,  white,  or  slightly  yellowish,  and  have  a  mulberry-like 
surface.  At  the  periphery  of  the  grains  radiating  filaments  are 
found,  but  claviform  swellings  are  usually  absent ;  mycelial  threads 
are  always  very  slender  (i  to  i|  fj).  The  fungus  can  be  grown  on  the 
ordinary  media ;  facultative  aerobe.  On  glycerinated  agar  it  forms 
discoid  colonies,  white  in  the  centre  and  reddish  at  the  periphery. 
In  the  cultures  the  mycelial  threads  are  as  slender  as  in  the  grains. 
Some  of  the  mycelial  threads  have  at  their  extremities  short  chains 
of  small  conidial  elements.     Gram-positive,  but  not  acid  fast. 

It  is  to  be  noted  that  this  fungus  very  rarely  produces  bone 
lesions.     Most  strains  are  inoculable  into  monkeys. 

Genus  Madurella  Brumpt  1905. 
One  species  only. 

Madurella  mycetoma  Laveran  1902. 

Synonym. — -Streptothrix  mycetomi  Laveran  1902. 

This  causes  a  variety  of  mycetoma  with  black,  irregular-shaped 
grains  ;  mycelial  threads  of  a  variable  diameter  (between  i  and  io>)  ; 
septated,  ramified ;  secrete  a  dark  substance.  After  some  time  the 
mycelial  threads  become  organized  into  sderotia,  containing  roundish 
bodies  (8  to  10  /*  in  diameter),  which  are  probably  chlamydospores. 

Genus  Indiella  Brumpt  1905. 
'  White  thallus  vegetating  in  various  animal  tissues  (bones,  muscles, 
connective  tissue)  ;  mycelial  threads  i  to  5  fi  wide,  occasionally  as 
much  as  10  /i ;  septated,  ramified  ;  no  secretion  of  pigment.  These 
filaments,  by  massing  together,  form  grains  comparable  to  sclerotia 
containing  chlamydospores. 

Indiella  mansonl  Brumpt  1905. 
White  mycelium  ;  young  filaments  very  slender  (ij  to  2  /*)  ;  older 
ones  thicker  (3  to  5  /x  wide).  Presence  of  many  chlamydospores, 
generally  terminal.  The  grains  or  sclerotia  are  very  small  (0-2  to 
0-25  milHmetre  in  diameter),  hard,  white.  This  fungus  gives  rise 
to  a  variety  of  white  mycetoma  found  in  India. 

Indiella  reynieri  Brumpt  1905. 
The  sclerotia  or  grains  are  characteristic  ;  small  (less  than  i  milh- 
metre)  ;   white  ;   coUed  up  like  the  excrementa  of  earth-worms. 
This  fungus  causes  a  variety  of  white  mycetoma. 

Indiella  somaliensis  Brumpt  1905. 
Mycelial  threads  extremely  thin  (0-5  /*)  ;  when  old,  often  take  a 
moniUform  appearance ;  numerous  chlamydospores ;  the  grams, 
formed  by  dense  felting  of  mycehal  threads,  are  whitish  or  yellowish, 
smaU  (about  i  millimetre),  very  hard.  /.  somahensts  cannot  be 
grown  According  to  Brumpt,  another  Discomyces,  easily  grown, 
may  be  found  Uving  symbiotically  in  the  tissues  with  J.  somahensis. 
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Genus  Trichothecium  Link  1824. 
Fertile  hyphse  are  erect,  grouped  together,  each  terminating  in 
an  oval,  pear-shaped,  or  globular  conidium.     The  only  species  so 
far  observed  in  man  is  Trichothecium  roseum. 

Trichothecium  roseum  Persoon  1801. 

Synonyms. — Trichoderma  roseum  Persoon  1801,  Sporocephalum 
roseum  Persoon  1801,  Puccinia  rosea  Corda  1837. 

This  species  vegetates  on  decaying  vegetable  matter  ;  the  colour 
is  at  first  white,  then  pinkish.  Each  fertile  hypha  terminates  in  a 
pear-shaped  conidium,  10  to  20  ju  in  length  and  8  to  12  ju  in  breadth. 

This  fungus  has  been  found  in  a  few  cases  of  otomycosis. 

Genus  Monilia  Persoon  1801. 
Fertile   hyphae  are  erected,   bearing  at   their   extremities   short 
chains  of  large  roundish  conidia. 

Monilia  Candida  Bonorden. 
Commonly  found  vegetating  in  decomposing  vegetable  matter; 
occasionally  seen  parasitic  in  Mammalia,  giving  rise  to  white  patches 
on  the  tongue  and  buccal  mucosa,  somewhat  similar  to  human  thrush. 
Once  found  in  a  child  in  some  white  patches  present  on  the  tongue. 
Mycelium  i  to  i|  yu  in  breadth  ;  conidia  roundish,  smooth,  7  to  8  /*  in 
diameter. 

Monilia  kochi  Saccardo  1885. 
Synonym. — Rhodomyces  erubescens  Aster  1900. 
Morphologically  similar  to  M.  Candida  ;  grows  well  on  sugar  media, 
^.^^  where  it  produces  pinkish  colo- 

..^-v  ^®^  .^''^^\,j*._d^  r^  nies;  was  observed  by  Wett- 
>\,v/'  H^l®  C/^  iS23?i^  stein  in  a  case  of  chronic  acid 
:    I  Mv  -  >ys\y&(!i€wKS^     dyspepsia. 

Monilia  montoyai  Castellani 
1907. 

Discovered  by  Montoya  in 
cases  of  white  pinta.  Some 
fertile  hyphae  are  much  thicker 

than    others  ;     the   spores   are 

Fig.  280.— Monilia  montoyai.  large,  globular  (5  to  7  jj),  and 

(After  Montoya  y  Florez.)  contain  a  large  nucleus.    Grows 

well   on    sugar    media,   giving 
rise  to  white,  creamy  colonies  which  rapidly  fuse  together. 

Genus  Sporotrichum  Link  1809. 
During  parasitic  life  the  fungi  of  this  genus  appear  as  yeast-like 
cells.  In  cultures  they  show  abundant  septate,  ramified  mycelium, 
and  oval  or  roundish  spores.  The  dermatomycoses  caused  by  these 
fungi  are  called  sporothricoses ;  they  are  often  characterized  by  the 
presence  of  gumma-like  swellings. 
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Sporotriehum  schenki  Hektoen  and  Perkins  1900. 

Easily  grown  on  glucose  and  other  sugar  media.  Colonies 
brownish,  with  an  irregular  surface ;  abundant  mycelium  ;  spores 
oval,  3  to  5  /i  in  length  ;  pathogenic  to  mice. 

Sporotriehum  beurmanni  Matruchot  and  Ramond  1905. 

Easily  cultivated  on  sugar  media ;  colonies  at  first  are  often  whitish, 
soon  to  become  brownish,  and  even  black  ;  mycelial  threads  slender, 
frequently  less  than  2  11.  wide  ;  very  much  ramified  ;  spores  ovoid 
(3  to  5  /I  long  and  2  to  4  ;«.  wide)  ;  very  pathogenic  for  mice. 

Sporotriehum  indicum  Castellani  1908. 

Found  by  Castellani  in  two  cases  of  tropical  sporotrichosis. 
Closely  resembles  the  S.  heurmanni ;  the  mycelial  threads  are 
somewhat  larger,  between  2  and  3  ju,  wide  ;  spores  roundish  (3  to  5  /* 
in  diameter)  or  oval  (4  to  5  /*  long  and  3  to  4  /*  in  breadth).  Colonies 
on  maltose  agar  may  be  of  various 
colours — greyish,  light  brownish,  dark 
brownish,  black. 

Genus  Trichosporum  Behrend  1890. 
These  fungi  live  parasitic  on  the 
surface  of  the  hairs,  but  do  not 
penetrate  into  their  interior  ;  during 
their  parasitic  life  they  vegetate  under 
the  form  of  large  oval  or  roundish 
elements.  Saprophytically  (cultures) 
they  vegetate  forming  mycelial  threads 
and  spores. 

Trichosporum  giganteum  Behrend  1890. 
This  is  the  cause  of  piedra  of 
Columbia ;  develops  on  the  surface 
of  the  hair  under  the  form  of  large  polyhedric  cells  12  to  15  ^  in 
diameter.  Masses  of  the  fungus  form  hard  nodules  along  the  hair. 
The  fungus  is  easilv  grown  on  various  media.  In  cultures  the 
mycehal  threads  are'septated,  cylindrical,  between  i  and  4  ^  wide. 
The  spores  are  of  various  dimensions,  between  2  and  12  ^. 

Trichosporum  beigeli  Rabenhorst  1867. 

Synonyms. — Pleurococcus  beigeli  Rabenhorst  1847,  Sderotium 
beigelianum  HaUier  1868,  Hyalococcus  beigelii  Schroeter  1886, 
Chlamydotomus  beigelii  Trevisan  1889,  Micrococcus  beigelu  Migula 
1900,  Trichosporum  beigelii  Vuillemin  1901. 

This  fungus  has  been  found  in  Europe  several  times  in  nodosities 
of  the  hairs  of  the  moustache.  It  lives  parasitically  under  the  form 
of  ovoid  or  polyhedral  elements  massed  together  on  the  surface  of 
the  hair.     These  ovoid  or  polyhedral  elements  are  much  smaller 


Fig.  281. — Trichosporum. 
(After  Vuillemin.) 


Fig.  282. — Hair  affected 

WITH  Trichosporosis. 

(After  Vuillemin.) 
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than   those    of   the  preceding  species,    their  maximum   diameter 
varying  between  3  and  4  fi..     It  is  easily  cultivated  on  ordmary 

media.  In  cultures  mycelial  threads 
are  found,  septate,  slender  (175  to 
2  /x).  In  old  cultures  chlamydospores 
are  to  be  seen. 

Trichosporum  ovoides  Behrend  1890. 
Found  by  Behrend  in  the  nodosities 
present  on  the  moustache  of  a  Euro- 
pean patient  ;  vegetates  parasitically 
on  the  surface  of  the  hair  under  the 
form  of  ovoid  elements  ;  3  to  4  ju,  long 
and  i|  to  2^  ju  wide.  Grows  easily 
on  culture  media  ;  on  potatoes  the 
colonies  are  white,  while  the  medium 
takes  a  brownish-black  colour. 

Trichosporum  ovale  Unna  1896. 

Found  by  Unna  in  the  nodosities 
present  on  the  moustache  of  a  Euro- 
pean patient.  Very  similar  to  T. 
ovoides ;  in  cultures,  however,  the 
mycelial  threads  are  often  corkscrew- 
like, and  the  spores  have  thick  walls.  On  potatoes  the  colonies  are 
white-yellowish,  and  the  substratum  takes  a  brownish-black  colour. 

Genus  Microsporoides 

Neveu-Lemaire  1906. 
One  species  only. 

Microsporoides  minutissimus 

Burchardt  1859. 

Synonyms.  —  Microsporum 
minutissimum  Burchardt  1859, 
M.  gracile  Balzer  1883,  Sporo- 
trichum  minutissimum  Saccardo 
1886,  Discomyces  minutissimus 
P.  Verdun  1907. 

Mycelial  threads  extremely 
thin  (0-6  ju)  ;  seldom  ramified. 
The  mycelial  segments  get  easily 
dissociated,  and  have  then  the 
appearance  of  bacilli.  Has  not 
yet  been  cultivated ;  is  the  cause 
of  erythrasma. 

Genus  Pityrosporum  Sabouraud  1895. 
Ova)    or   roundish   cells,    somewhat  yeast-like ;    no   mycelium ; 
cannot  be  grown  artificially. 


Fig.  283. — Microsporoides  Minutis- 
simus Burchardt. 
(After  Neven-Lemaire.) 
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Pityrosporum  ovale  Bizzozzero  1882 
Synonyms. — Saccharomyces  ovalis  Bizzozzero  1882,  Pityrosporum 

malassezi  Sabouraud  1895.    Usual  term :  bottle  bacillus  of  Malassez. 
This  organism  was  first  described  by  Bizzozzero,  who  considered  it 

to  be  a  Saccharomyces.   Malassez  and  S  abouraud 

associated  this  organism  with  the  etiology  of 

pityriasis  simplex  capitis  and  pityriasis  alba. 
Its  shape   somewhat  resembles  a  budding 

yeast  or  a  flask.     The  size  varies  greatly  ;  the 

maximum  diameter  of  some  individuals  may 

be  as  much  as  10  to  15  fi.,  but  much  smaller 

forms  (3  to  5  fi)  are  found. 

Pityrosporum  cantliei  Castellani  1908. 
Synonym.— SaccAarowyces  cantliei  Castellani     ^'spor^um"1)v"Je^°' 

Somewhat  similar  to  Pityrosporum  ovale,  but  ^^    ^  ourau  .) 

the  cells  are  generally  roundish  and  on  the  average  larger  (5  to  16  /*) . 
Probably  the  cause  of  a  variety  of  seborrhoea  of  the  scalp  occa- 
sionally met  with  in  children  in  the  tropics. 

Genus  Hemispora  Vuillemin  1906. 

One  species.* 

Found  by  Vuillemin  parasitic  on  Aspergillus  repens,  forming  white  discs 
{0'5  to  2"5  millimetres  in  diameter),  which  present,  in  relief,  stellar  or  mar- 
guerite-like brown  structures.  Composed  of  conidiophores,  each  conidiophore 
terminates  in  a  vesicle-like  structure  (protoconidium) ,  which  later  divides 
into  several  spore-like  segments  (dentero  conidia).  Can  easily  be  cultivated 
on  artificial  media,  the  growth  being  cerebriform,  and  not  characteristic. 
This  parasite  has  been  observed  in  man  in  gumma-like  swellings. 

Genus  Malassezia  Ch.  Robin  1853. 
Mycelium  of  various  shape  and  size  ;  non-ramified  ;  spores  col- 
lected  in   bunches   like   grape-bunches  ;  only   the  parasitic   stage 
known. 

Malassezia  furfur  Ch.  Robin  1853. 

Synonyms. — Microsporon  furfur  Ch.  Robin  1853,  Sporotrichum 
furfur  Saccardo  1886,  Malassezia  furfur  Baillon  1889,  Oidium  furfur 
Zopf  1890,  0.  subtile  Kotliar  1892. 

Mycelium  abundant,  septate,  non-ramified  ;  some  mycelial  threads 
are  much  larger  than  others  ;  the  breadth  varies  between  3  and  4  /*. 
The  spores  are  roundish  (3  to  5  /*  in  diameter),  and  run  into  clusters. 

Attempts  at  cultivation  have  failed.  It  is  the  cause  of  pityriasis 
versicolor. 

Malassezia  tropica  Castellani  1905. 

Synonym. — Microsporon  tropicum  Castellani  1905. 
MyceUal  threads  generally  thick  (3  to  5  /x  wide),  with  numerous 
swellings,  constrictions,  and  other  irregularities  of  shape  ;  spores 

*  Hemispora  stellata  Vuillemin  igo6. 
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Fig.  285. — Malassezia  tropica. 
(From  a  fresh  preparation  in  liquor  .potassse.     Old  case.) 


Fig.  286. — FoxiA  mansoni. 

(From  a.  fresh  preparation  in  liquor  potassag.       The  mycelial  tubes  are 

in  reality  not  so  regular  in  outline  as  in  this  drawing.) 

roundish  (4  to  5  /*),  with  a  double  contour  ;  are  often  collected  in 
clusters.  •  The  fungus  does  not  grow  on  artificial  media.  It  is  the 
oause  of  tinea  flava  or  pityriasis  flava  of  tropical  climates. 
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Fig.   287. — FoXIA  MANSONI. 

(From  a  preparation  stained  with  fuchsin.) 


Fig.  288.— Foxia  mansoni. 
(Hanging-drop  culture.) 

Genus  Foxia  Castellani  1908. 
One  species. 

Foxia  mansoni  Castellani  1905. 
Synonym. — -.Microsporon  mansoni  Castellani  1905. 
Mycelial  articles  straight  or  variously  bent,  2-5  to  3  fi.  wide ; 
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non-ramified  spores  large,  globular, 
5  to  10  /t  in  diameter,  collected  in 
clusters;  spores  are  occasionally 
seen  budding. 

The  fungus  is  easily  grown  on 
maltose  and  other  sugar  agars,  and 
also  on  ordinary  agar.  On  maltose 
and  ordinary  agar  it  gives  rise  to 
greenish  -  black  granular  colonies, 
which  later  fuse  into  a  jet-black 
mass.  It  slowly  liquefies  gelatine 
after  three  or  four  weeks.  In  hang- 
ing-drop cultivations  short  mycelial 
threads  are  seen,  terminating  in 
long  strings  of  roundish  conidia. 
Lateral  conidia  are  not  seen,  nor 
spindle-shaped  organs,  as  found  in 
Trichophytons  and  Microsporons. 

This  fungus  is  the  cause  of  tinea 
nigra. 
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Fig.  289. — FoxiA  mansoni. 
(Young  agar  culture.) 
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THE   DISEASES   OF  THE  TROPICS 


SECTION     A 
FEVERS 

CHAPTER  XXIII 
MALARIA 

Synonyms  —  Definition  —  History  —  etiology  —  Climatology  —  Pathology 
— Clmical  description — Acute  malaria — Quartan  fevers— Tertian  fevers— 
Subtertian  fevers— Chronic  malaria— Latent  malaria— Masked  malaria- 
Congenital     malaria — Complications — Sequela — Diagnosis — Prognosis 

Treatment — Prophylaxis — References. 

Synonyms.  —  Ague,  Paludism,  Marsh  fever,  Remittent  fever, 
Infermittent  fever;  Climatic,  Jungle,  Hill,  Mountain  and  Coast 
fever ;  Fievre  palustre  (French),  Wechselfieber,  Kaltesfieber,  Malaria 
(German),  Paludismo,  Malaria  (Italian). 

Malaria  used  to  be  known  by  many  local  names  in  different  coun- 
■^ries,  such  as  Kurunegala  fever  and  Dambul  fever  in  Ceylon  ;  Roman 
fever.  Sierra  fever,  etc. 

The  term  '  malaria  '  is  derived  from  the  Italian  mal  aria,  meaning 
bad  air. 

Definition. — Malaria  is  a  term  employed  to  signify  a  group  of 
acute  specific  fevers  caused  by  the  protozoan  parasites  Plasmodium 
malaricB,  P.  vivax,  and  Laverania  malaricB  living  in  the  blood  of 
man,  and  disseminated  by  the  agency  of  certain  species  of  mos- 
quitoes, in  which  these  parasites  undergo  part  of  their  life-history. 

It  will  be  obvious  from  the  above  definition  that  there  are  three 
distinct  types  of  malarial  fever,  the  first  caused  by  P.  malaria,  the 
second  by  P  vivax,  and  the  third  by  L.  malarim.  It  will  be  observed 
that  the  term  '  blood  of  man  '  is  used  in  the  definition.  This  is 
because  at  present  we  are  not  aware  that  the  above-mentioned  para- 
sites are  capable  of  living  in  any  other  vertebrate. 

History. — The  history  of  malarial  fever  has  already  been  suffi- 
ciently noted  in  Chapter  I.  (p.  ii) ,  to  which  reference  should  be  made. 

The  important  questions  which  at  present  require  further  elucida- 
tion are  : 

I.  The  nature  and  action  of  the  toxins  of  the  disease,  especially 
with  regard  to  the  haemolysins. 

3.  The  formation  of  antibodies. 
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3.  The  form  in  which  the  malarial  parasite  lies  dormaiit  in  the 
human  body  (with  special  reference  to  the  parthenogenesis  of  the 
macrogametocy  te) . 

4.  Whether  Schaudinn  is  correct  in  believing  that  the  eggs  of  the 
mosquito  can  become  infected,  and  if  so,  whether  that  infection  is 
capable  of  being  spread  by  the  next  generation  of  mosquitoes. 

5.  Whether  any  mosquito  other  than  the  Anophelinas  carry  the 
parasites. 

6.  Whether  there  is  any  animal  other  than  man  in  which  the 
parasites  live  in  nature. 

etiology. — Exciting  Causes. — Malarial  fevers  are  produced  by 
the  parasites  Plasmodium  malarice  Laveran  1881,  P-  vivax  Grassi 
and  Feletti  1890,  and  Laverania  malaricB  Grassi  and  Feletti  1890, 
because  they  are  always  found  in  the  blood  or  organs  of  persons 
suffering  from  the  disease,  and  can  be  injected  into  healthy  persons, 
producing  in  them  typical  fevers,  the  different  stages  of  which  cor- 
respond to  the  stages  of  the  life-cycle  of  the  parasite.  These  para- 
sites can  be  spread  from  human  being  to  human  being  by  mosquitoes, 
in  whose  bodies  they  undergo  development  as  already  described. 
Infected  mosquitoes  can  convey  the  parasites  to  healthy  persons, 
living  in  either  non-malarial  or  malarial  climates,  by  their  bites, 
producing  attacks  of  fever  typical  for  the  type  of  parasite  with  which 
the  mosquito  was  infected.  The  classical  experiment  is  the  infection 
of  Sir  Patrick  Hanson's  son  with  tertian  malaria  by  means  of  infected 
Anophelines  sent  from  Rome  to  London. 

There  are,  therefore,  three  factors  necessary  for  the  production 
of  malarial  fever  :  (i)  the  blood  parasite  ;  (2)  the  mosquito  ;  (3)  man. 

I.  The  Blood  Parasite. — We  have  drawn  attention  to  three  para- 
sites in  connection  with  malaria,  and  we  believe  these  to  be  the  only 
three  at  present  known  to  cause  the  fevers,  but  it  is  necessary  to  say 
that  this  view  is  by  no  means  universal.  Some  authorities  believe 
in  a  quotidian  form  of  fever  due  to  a  species  of  Laverania,  or  to  two 
separate  species  of  the  same  genus.  These  parasites,  however,  if 
they  exist  as  distinct  species,  which  we  believe  to  be  very  doubtful, 
have  not  come  within  our  observation,  and  we  therefore  agree  with 
those  writers  who  only  acknowledge  the  three  types  mentioned  above. 

The  descriptions  of  the  structure  and  life-histories  of  these  para- 
sites have  been  given  in  Chapter  XII.,  and  need  not  be  referred  to  here. 

The  parasites  are  introduced  into  the  human  body  as  sporozoites, 
which  pass  from  the  salivary  glands  down  the  hypopharyngeal 
canal  of  the  mosquito's  proboscis  into  the  blood  when  a  human 
being  is  bitten  by  an  infected  Anopheline. 

Once  in  the  blood,  three  possibilities  confront  the  parasites  : 
they  may  either  be  killed  and  no  infection  result,  or  they  may 
remain  dormant  in  some  form  in  the  spleen,  and  not  develop  until 
predisposing  causes,  by  lowering  the  vitality,  give  them  opportu- 
nity, or  they  may  at  once  proceed  to  develop  and  give  rise  to  fever. 

In  this  latter  event,  there  is  usually  an  interval  between  the  period 
of  the  bite  and  the  attack  of  fever,  for  it  is  evident  that  in  order  to 
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influence  the  metabolism  of  the  body  so  profoundly  as  to  produce 
a  rise  of  temperature,  a  certain  amount  of  toxin  must  be  generated. 
This  requires  a  definite  number  of  parasites,  and  hence  the  incuba- 
tion period  may  be  short  if  many  parasites  are  simultaneously 
inoculated  by  the  mosquitoes,  or  long  if  but  few.  As  a  rule  it  may 
be  said  that  some  nine  to  twelve  days  are  required  for  the  develop- 
ment of  a  sufficient  number  of  parasites  to  produce  fever. 

During  the  incubation  period,  however,  there  may  be  slight 
symptoms  of  lassitude,  or  pains  in  various  parts  of  the  body  coming 
on  at  regular  intervals,  and  often  not  much  regarded,  as  they  may 
pass  off  quickly.  We  are  inclined  to  consider  these  as  being  due  to 
parasites  as  yet  not  numerous  enough  to  produce  fever,  and  we 
think  these  symptoms  of  importance,  as  an  attack  of  fever  may  be 


Fig.  290.— Diagram  of  a  Tbmperature-Chart  in  Simple  Tertian 

Malarial  Fever. 

I,   Schizont,  with,  commencing  sporulation  ;  2,  sporulating  schizont ; 

3,  young  trophozoite  ;  4,  5,  trophozoites  ;  6,  schizont. 

prevented  by  the  prompt  administration  of  quinine.  This  subject 
will,  however,  be  further  discussed  under  the  Pathology  of  Latent 
Malaria. 

The  life-history  of  the  parasite'  has  a  definite  relationship  to  the 
disease,  as  can  be  noted  by  studying  the  diagrams.  The  rise  of 
body-temperature  is  always  associated  with  the  sporulation  of  the 
parasite  and  the  liberation  of  pyrogenetic  toxins,  the  apyretic 
interval  with^the  growth  and  maturation  of  the  parasite  in  the  red 
corpuscle.  The  pigmentation  of  the  cells  and  organs  is  due  to  the 
hffimozoin  liberated  by  the  disruption  of  the  infected  red  cell.  The 
liberated  spores  attack  new  erythrocytes,  and  so  the  numbers  of 
the  parasites  may  increase,  until  in  certain  pernicious  cases  it 
appears  as  though  the  majority  of  the  red  cells  were  infected  with 
parasites,  and,  indeed,  two  or  more  may  be  noted  in  one  cell.  Such 
a  condition  must,  of  course,  lead  to  death. 
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But  this  does  not  by  any  means  always  happen ;  for  it  is  welJ 
known  that  a/  malarial,  especially  a  quartan,  fever  may  wear  itself 
out,  the  attacks  becoming  less  and  less  severe  until  they  cease. 

This  would  appear  to  be  due  to  acquired  immunity,  which  no 
doubt  explains  the  known  fact  that  the  European  in  West  Africa 
on  first  arrival  generally  suffers  from  repeated  attacks  of  fever,  but 
he  gradually  becomes  partially  immune,  and  can  then  live  there, 
with  care,  for  years.  Further,  it  would  certainly  explain,  in  part, 
the  relative  immunity  of  the  native  races  in  that  region  who  are 
infected  from  earliest  childhood,  and  no  doubt  this  is  the  true  cause 
of  the  racial  immunity  which  some  allege  to  exist.  It  is  now 
known  that  the  merozoites  can,  although  very  rarely,  penetrate 
the  placenta  and  infect  the  foetus,  giving  rise  to  congenital  malaria. 
The  three  parasites  produce  very  different  results,  apparently  due 
to  their  habitats.  Thus  Plasmodium  malaricB  and  P.  vivax  as  a  rule 
live  mainly  in  the  circalating  blood,  in  which  the  former  sporulates, 
while  the  latter  develops  in  the  spleen :  their  toxins  will  therefore 
produce  general  symptoms.  Laverania  malarice,  on  the  other  hand, 
seems  to  affect  the  red  corpuscles  so  profoundly  that  they  are  liable 

to  adhere  to  the  walls  of  the 
capillaries  of  the  organs  in 
which  the  parasite  sporulates. 
Hence  this  parasite  may  pro- 
duce severe  local  symptoms, 
due  to  the  mechanical  blocking 
of  capillaries  or  to  the  more 

ttt^     „r.      T  .„^„.„,.    ....  ,^    ,      intense    local    action    of    the 

biG.     291. — Laverania     MALARi.iE    in  .  x      i.   ii.       r     j.i. 

Red  Corpuscles  blocking  a  Brain     toxm,    or    to    both     of     these 

Capillary  in  the  Cerebral  Type  of     causes,     and     therefore     it     is 

Pernicious  Malaria.  associated  with  what  are  called 

the  pernicious  fevers — that  is 
to  say,  the  fevers  which  produce  severe  effects  on  one  or  more  organs 
— e.g.,  on  the  brain,  causing  coma  or  paralysis  ;  or  on  the  pancreas, 
causing  hsemorrhagic  pancreatitis. 

At  the  onset,  all  three  types  of  fever  are  apt  to  be  irregular, 
because  the  parasites  are  of  different  ages,  due  to  the  different 
times  of  inoculation,  but  they  settle  down  to  a  regular  type,  possibly 
because  the  amount  of  antitoxin  generated  is  able  to  kill  off  those 
parasites  which  do  not  conform  to  the  age-period  of  the  majority. 
Sometimes,  however,  two  distinct  broods  may  exist,  producing 
double  fevers,  or  three  distinct  broods,  causing  triple  fevers. 

The  malarial  parasite  acts  not  merely  by  destroying  the  cor- 
puscle in  which  it  lives  and  by  altering  the  metaboUsm  of  the 
body  by  the  pyretic  toxin  of  Rosenau  and  his  collaborators,  but  it 
also  has  a  haemolytic  toxin,  iirst  described  by  Casagrandi  and  De 
Blasi,  which  destroys  the  red  corpuscles,  thus  throwing  more  work 
on  to  the  liver  and  leading  to  excessive  formation  of  bile,  with,  as 
a  result,  diarrhoea  and  urobihn  in  the  urine.  If  the  blood-destruc- 
tion is  excessive,  the  liver  is  unable  to  convert  the  whole  of  the 
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hemoglobin  liberated  into  bile,  with  the  result  that  some  may  be 
lett  unaltered,  and  may  produce  hsmoglobinuria 

It  appears,  however,  that  an  antitoxin  is  quickly  formed,  of  the 
nature  of  an  anti-auto-complement,  which  neutralizes  this  hemolysin, 
and  It  further  appears,  from  the  experiments  of  Casagrandi  on 
pigeons  mfected  with  Hmmoproteus  {Halteridium),  that  the  anti- 
toxm  may  be  a  cause  of  the  natural  disappearance  of  the  parasites 
and  tile  cure  of  the  disease.  Of  course  this  antitoxin  is  produced 
by  the  cells  of  the  body,  and  anything  which  lessens  its  formation, 
sucli  as  starvation,  gives  the  parasite  a  chance  to  grow  and  cause 


Fig.  292. — Diagram  of  a  Temperature-Chart  in^Double  Tertian 
Malarial  Fever. 

The  fever  of  the  first  and  third  days  is  due  to  one  brood  of  parasites  and 
that  of  the  second  day  to  another  brood. 

I,  Schizont  of  first  brood  ;  2,  sporulating  schizont  of  first  brood  ;  3-5,  tro- 
phozoites of  first  brood  ;  6,  schizont  of  first  brood  ;  A,  schizont  of  second 
brood  ;  B,  sporulating  schizont  of  second  brood  ;  C-E,  trophozoites  of  second 
brood  ;  F,  schizont  of  second  brood. 


disease.  Thus  Casagrandi  found  that  out  of  twenty-one  birds 
infected  in  1904,  ten  were  still  infected  in  1905.  On  semi-starving 
two  of  these,  he  produced  relapses,  while  two  others  treated  with 
antitoxin  obtained  from  guinea-pigs  inoculated  with  pigeon's  blood 
did  not  relapse. 

It  will  thus  be  seen  that  a  relapse  may  be  due  entirely  to  pre- 
disposing causes  which  lower  the  vitality  of  the  body  and  prevent 
the  production  of  sufficient  quantities  of  the  antitoxin. 

Besides  the  difference  pointed  out  above  as  to  the  place  of  sporula- 
tion,  there  is  also  a  great  difference  in  the  time  occupied  by  the  cycle 
of  schizogony.     Plasmodium  malarice  requires  seventy-two  hours 
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to  complete  its  schizogony,  or,  in  other  words,  it  will  liberate  its 
toxins  and  cause  an  attack  of  fever  in  its  human  victim  every 
seventy-two  hours,  while  in  an  infection  with  only  one  brood  of 
parasites  the  intervening  period  will  be  without  fever.  This  inter  • 
mission  is  so  marked  that  it  was  noted  by  the  ancients,  and  formed 
one  of  their  types  of  intermittent  fever,  and  as  the  attack  of  fever 
occurred  on  the  fourth  day,  after  an  interval  of  seventy-two  hours, 
it  was  called  a  '  quartan,'  or  fourth-day  fever,  and  as  such  is  clearly 
described  by  Hippocrates.  Plasmodium  vivax  requires  forty-eight 
hours  to  complete  its  schizogony,  and  in  single  infections  pro- 
duces fever  every  forty-eight  hours — i.e.,  on  the  third  day — and 
therefore  this  type  of  fever  is  called  '  tertian.' 

Laverania  malaricB,  on  the  other  hand,  does  not  appear  to  be  so 
regular  in  the  time  of  its  schizogony,  and  may  require  from  thirty- 
six  to  forty-eight  hours  for  the  purpose  ;  but  though  typically  pro- 
ducing a  tertian  fever,  the  effects  due  to  its  sporulation  in  the  organs 
are  much  more  severe  and  protracted^ than  those  produced  by 
P.  vivax.  Clinically,  therefore,  there  are  two  types  of  tertian 
malarial  fever — a  benign  and  a  malignant.  The  former,  caused  by 
P  vivax,  is  generally  called  'tertian  malarial  fever,'  while  the  latter, 
caused  by  L.  malarice,  is  called  'subtertian  malarial  fever,'  or 
malignant  tertian. 

In  addition  to  these  clearly-defined  parasites,  two  others  have 
been  described  by  various  authors,  and  have  been  named  Hcema- 
mceba  prcecox  and  H.  immaculata  by  Grassi  and  Feletti.  The  former 
was  said  to  be  pigmented,  and  the  latter  to  be  unpigmented.  These 
parasites  require  only  twenty-four  hours  for  the  completion  of  the 
cycle  of  schizogony,  consequently  they  cause  fever  every  twenty- 
four  hours,  which  is  therefore  of  the  nature  of  a  '  quotidian  malarial 
fever.'  Many  authorities,  with  whom  we  agree,  consider  these 
parasites  to  be  only  stages  in  the  development  of  Laverania  malarice. 
Quotidian  fever  can  be  produced  by  three  broods  of  P.  malarice,  or 
two  of  P  vivax  or  L.  malarice,  and  does  not  require  a  special  quoti- 
dian parasite. 

Therefore  there  are  only  three  parasites  and  three  classes  of 
fever  to  be  considered — viz.  :  (i)  Plasmodium  malaria,  causing 
quartan  malarial  fever ;  {2)  P.  vivax,  causing  tertian  malarial 
fever  ;  (3)  Laverania  malarice,  causing  subtertian,  malarial  fever. 

2.  The  Mosquito. — With  regard  to  the  AnopheHnse,  we  know  posi- 
tively that  some  can  carry  the  germ  while  others  cannot.  Further, 
it  appears  quite  evident  that  Culex  and  Stegomyia  are  not  carriers  of 
malaria.  Daniels,  as  we  have  already  stated,  is  incUned  to  suspect 
the  Mdinse  as  being  possible  disseminators  of  malaria  in  jungles, 
but  there  is  no  complete  proof  of  this.  Therefore  we  have  at  present 
only  the  Anophelinse  to  consider. 

We  have  already  pointed  out  the  various  species  of  Anophelinse 
which  can  carry  the  parasites,  but  the  presence  of  these  mosquitoes 
does  not  indicate  that  there  must  be  malaria  in  the  locality,  which 
is  an  important  matter,  to  which  Celli  was  the  first  to  call  attention. 
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England,  for  example,  though  it  possesses  three  species  of  the 
AnopheKnas--viz.,  Anopheles  maculipennis  Mg.,  A.  bifurcatus  L., 
and  A.  nigripes  St.,  of  which  the  two  former  certainly  can  carry 
malaria— is  practically  free  from  disease.  Nuttall,  Cobbett,  and 
Strangeways-Pigg  believe  that  this  condition  has  been  arrived  at 
by  the  reduction  of  the  numbers  of  the  mosquitoes  by  drainage. 

On  the  other  hand,  there  is  no  evidence  of  the  existence  of 
malaria  without  some  of  the  Anophelinae.  On  the  contrary,  there 
is  evidence  that  where  there  are  no  Anophelinae  there  is  no  malaria. 
Further,  it  is  highly  probable  that  the  endemic  malaria  of  Mauritius 
and  Reunion  is  due  to  the  introduction  of  Pyretophorus  costalis  Loew, 
as  has  been  pointed  out  by  Ross.  There  is  also  the  evidence 
that  in  places  where  successful  anti-anopheline  measures  have 
been  carried  out,  as  in  Ismalia,  malarial  fever  has  ceased  to  exist. 

In  order  that  there  may  be  plenty  of  these  insects,  there  must  be 
a  certain  degree  of  warmth  ;  for  as  a  rule  they  hibernate  in  the 
winter  of  the  temperate  zone,  coming  out  in  the  spring,  and  in- 
creasing in  numbers,  to  reach  a  maximum  in  the  warm  days  of 
autumn.  In  the  tropics,  of  course,  the  heat  is  present  all  the  year 
round.  Heat  alone,  however,  will  not  suf&ce  for  the  mosquito,  for 
there  must  be  water  for  the  development  of  the  larvae  and  pupae. 
Hence,  in  the  dry  season  in  the  tropics,  there  may  be  few  mosquitoes 
visible,  while  their  numbers  will  increase  remarkably  after  the  rains. 
In  the  dry  season  the  mosquitoes,  and  their  larvs,  aestivate,  and 
wait  for  more  suitable  conditions. 

There  is,  however,  a  third  factor  to  be  considered,  and  that  is  the 
effect  of  the  temperature  upon  the  parasite  in  the  mosquito.  For 
ages  it  has  been  noted  that  the  fevers  due  to  P.  malarice  and  P  vivax 
occur  in  the  temperate  zone  in  the  earlier  period  of  the  year — i.e.,  in 
the  spring — while  the  worst  fevers,  due  to  L.  malanee,  do  not  occur 
until  the  summer  or  autumn.  This  point  has  been  carefully  studied 
by  Grassi,  Jansco,  and  others,  and  the  result  of  their  experiments 
tends  to  show  that  temperature  has  most  effect  upon  the  ookinete 
before  it  pierces  the  wall  of  the  stomach  of  the  mosquito  and  becomes 
encysted.  It  would  appear  that  if  the  temperature  is  below  15°  C. 
to  16°  C,  no  further  development  of  the  oocyst  will  take  place  in  any 
form  of  parasite.  Further,  P.  malarice  will  develop  at  a  lower 
temperature  than  the  other  two,  while  P  vivax  will  also  develop 
at  a  low  temperature,  but  L.  malar ica  requires  a  distinctly  higher 
one. 

This  may  be  the  reason  of  the  scarcity  of  L.  malaria  in  the 
temperate  zone,  except  in  the  summer  and  autumn,  and  its 
common  occurrence  in  the  tropics?  and,  possibly,  this  is  also  the 
reason  of  the  rarity  of  P.  malarice  in  the  low  country  of  the  tropics, 
where  its  presence  in  the  hills  is  common. 

Here  may  also  lie  the  explanation  of  the  universal  distribution  of 
P.  vivax  in  both  the  tropics  and  temperate  zone  ;  for  Jansco's 
researches  show  that  it  can  develop  through  a  wide  range  of  tem- 
peratures. 
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But  these  are  not  the  only  factors  concerning  the  Anophehnse 
and  malaria,  for  Schaudinn  showed  that  the  mosquito  eggs  may  be 
infected  by  the  malarial  parasites,  and  this  at  once  raises  the  ques- 
tion whether  they  cannot  be  carried  via  eggs,  larvae,  and  pupae  mto 
a  second  generation  of  mosquitoes.  If  so,  this  would  explain  some 
outbreaks  of  malaria. 

Another  point  of  importance  is  the  fact  that  when  new  lands  are 
opened,  it  is  asserted  that  people  suffer  more  severely  from  malaria 
than  can  be  explained  by  any  theory  brought  forward  at  present. 
For  example,  it  is  stated  that  if  a  zone  of  forest  on  a  steep  hillside 
be  burnt  in  the  dry  season,  and  then  cleared  by  coolies,  who  return 
every  night  to  the  quarters  where  the  other  estate  coolies  also  sleep, 
these  clearing-cooUes  will  suffer  severely  from  malaria,  while  their 
fellows  working  on  other  portions  of  the  estate  will  be  but  httle 
affected.  The  explanation  of  this  is  not  that  emanations  have 
arisen  from  the  soil  and  invaded  the  bodies  of  the  coohes — indeed, 
after  the  description  of  the  life-history  of  the  malarial  parasite 
already  given,  this  would  be  a  reductio  ad  absurdum — but  merely 
that  the  exposure  to  the  sun  or  the  harder  work  has  lowered  the 
vitality  of  these  coolies,  and  has  given  the  germs  already  in  their 
system  a  chance  to  develop. 

It  has  also  long  been  thought  that  the  mechanical  opening  of  new 
ground  by  digging  produced  the  disease,  but  Ross  has  pointed  out 
that  in  Mauritius  the  digging  of  earth  for  years  caused  no  malaria, 
until  some  new  factor  was  introduced,  which  occurred  in  the  sixties 
of  last  century  ;  this  factor  we  now  know  to  be  the  introduction  of 
Pyretophorus  costalis  into  the  island. 

When  an  attack  of  malarial  fever  occurs  in  a  person  living  in  a 
place  where  there  are  no  Anophelinse,  it  is  the  result  of  infection 
obtained  in  some  other  place  where  these  mosquitoes  are  to  be 
found. 

It  may  safely  be  concluded  that,  as  far  as  our  present  knowledge 
goes,  certain  of  the  Anophelinae  are  the  only  carriers  of  malaria,  and 
upon  this  public  prophylaxis  must  be  based. 

A  female  mosquito,  apparently,  can  live  for  at  least  a  month  (Ross), 
if  not  longer.  This  does  not  include  such  dormant  periods  of  its 
life  as  the  hibernation  in  the  cold  or  aestivation  in  dry  seasons,  when 
it  may  live  for  a  long  time  in  damp  places. 

The  eggs  of  the  Anophelinse  are  laid  only  in  natural  collections  of 
water  supphed  with  water-plants,  such  as  the  back  eddies  of 
streams,  close  under  the  banks,  which  are  especially  good  breeding- 
places.  The  young  imagines,  apparently,  do  not  usually  travel, 
but  remain  near  the  place  where  they  are  developed.  Exceptionally, 
they  can  be  carried  long  distances  by  ships,  trains,  coaches,  carts,  etc., 
but  this  is  the  exception  and  not  the  rule.  Winds  do  not  appear 
to  carry  them  far,  as  they  generdly  take  shelter  from  a  high  wind. 
The  natural  enemies  of  the  Anophelinse  are  numerous,  including  all 
insectivorous  animals,  such  as  bats  and  birds,  together  with  fish, 
which  eat  the  larvae. 
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The  Anopheline  not  merely  carries  the  germ,  but  because  of  its 
length  of  life,  a  single  individual  may  be  capable  of  infecting  several 
human  beings  ;  for  it  must  be  remembered  that  there  is  no  proof 
that  the  mosquito  is  in  any  way  deleteriously  affected  by  the 
malarial  parasite. 

3.  Man. — ^The  female  Anopheline  requires  blood  for  the  purpose 
of  providing  its  eggs  with  sufficient  nourishment,  and  will,  therefore, 
bite  any  vertebrate  it  may  come  across  in  order  to  obtain  the  same. 

The  malarial  parasites  have,  so  far,  only  been  found  in  man,  and 
hence,  until  they  are  found  in  some  other  vertebrate,  we  are  not 
justified  in  assuming  that  the  Anophelines  can  obtain  them  from 
any  other  source.  In  the  tropics  the  native  population  are  un- 
doubtedly the  great  source  of  the  gametocytes  by  which  the 
infection  of  the  mosquito  is  brought  about,  because  the  majority 
of  them  do  not  protect  themselves  against  mosquito  -  bites. 
Of  the  native  population,  the  children  are  the  greatest  source  of 
infection,  because,  as  has  already  been  explained,  the  adults  obtain 
a  partial  immunity.  But  in  considering  the  native  as  a  source  of 
infection,  care  must  be  taken  not  to  forget  the  European,  whose 
blood  is  sometimes  swarming  with  gametocytes. 

Ross  has  pointed  out  that,  in  considering  the  amount  of  malaria  in  a  par- 
ticular locality,  imported  cases  must  be  distinguished  from  indigenous  cases, 
and  that  the  latter  should  be  further  classified  according  to  the  month  in 
which  they  are  infected.  He  has  further  attempted,  by  mathematical 
formulae,  to  investigate  the  infection-rate  of  the  disease,  which  method  he 
terms  '  pathometry  ';  but  it  is  very  difficult  to  obtain  the  necessary  data  for 
these  calculations.  He  points  out  that  the  number  of  infections  in  a  given 
locality  during  a  given  pferiod  depend  upon — 

1.  The  number  of  persons  with  gametocytes  in  the  blood. 

2.  The  number  of  Anophelines  which  have  bitten  these  people  and  become 
infected. 

3.  The  number  of  infected  Anophelines  which  live  long  enough  to  transmit 
the  infection — i.e.,  at  least  a  week. 

4.  The  number  of  these  surviving  infected  Anophelines  which  get  the  chance 
of  biting  man  again. 

It  is  by  no  means  easy  to  determine,  even  approximately,  in  a  district  the 
number  of  Anophelines  capable  of  carrying  malaria  ;  but  an  attempt  might 
be  made  to  follow  Ross,  and  determine  the  output  from  one  or  two  of  the 
more  important  breeding-places  by  enclosing  a  given  area  with  mosquito- 
netting,  and  counting  daily  the  numbers  of  Anophelines  which  hatch  out.  A 
calculation  of  the  areas  of  the  breeding-places,  together  with  the  numbers 
hatching  per  diem,  will  give  a  rough  estimate  of  the  increase  during  that 
time.  Associated  with  this,  a  census  may  be  taken  of  the  Anophelines  found 
inside  damaged  mosquito-curtains  very  early  in  the  morning.  This  is  a 
method  we  have  used  in  West  Africa  and  formd  of  service,  for  it  supplies 
not  merely  the  number  of  the  Anophelines,  but  also  the  percentage  which 
are  infected,  though  of  course  the  error  is  likely  to  be  considerable.  Ross 
proceeds  to  show  mathematically  that  the  increase  or  diminution  of  the 
malaria  really  depends  upon  the  ratio  of  Anophelines  capable  of  carrying  the 
parasite  to  the  population  ;  and,  also,  how  an  epidemic  gradually  increases, 
and  how  it  diminishes,  when  the  Anophelines  are  reduced  ;  and  proves 
that,  in  order  that  there  may  be  a  reduction  of  the  malaria  in  rnan,  there 
need  only  be  a  reduction  in  the  numbers,  and  not  an  extermination  of  the 
Anophelines,  which  is  what  would  appear  to  have  happened  in  England,  and 
to  be  the  cause  of  the  disappearance  of  malaria  therein. 
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Investigation    of    an    Endemic    Region.— In    investigating 
malaria  in  an  endemic  region,  it  is  necessary  to  tind  out — 

1.  The  specific  diagnosis  of  the  parasite  or  parasites  causing  the 
malaria. 

2.  The  population  of  the  area. 

3.  The  average  number  of  infected  persons. 

4.  The  average  number  of  infected  persons  carrying  the  gameto- 
cytes  in  their  blood. 

5.  The  species  of  Anophelinas  in  the  district,  and  their  breeding- 
grounds. 

6.  The  species  which  carry  the  parasite. 

7.  The  species  in  which  the  parasite  is  found  in  nature. 

8.  The  number  of  Anophelines  in  the  affected  area. 

No  remarks  need  be  offered  with  regard  to  i,  2,  4,  5,  6,  and  7. 

With  regard  to  8,  the  method  suggested  by  Ross  should  be  adopted ; 
and  as  regards  3,  the  quickest  and  the  best  method  is  to  estimate 
the  spleen-rate. 

Ross  suggests  that  the  term  '  endemic  index,'  which  was  introduced 
by  Stephens  and  Christophers  to  denote  the  percentage  of  persons 
carrying  parasites  in  their  blood,  should  be  extended  to  include  not 
merely  that  factor,  but  also  the  proportion  of  people  with  spleens 
enlarged  by  malaria. 

He  therefore  proposes  that  the  endemic  index  should  be  made  up 
of  a  parasite-rate  and  a  spleen-rate,  of  which  the  latter  is  the  more 
convenient,  and  if  applied  to  children  under  fifteen  years  of  age,  is 
useful,  provided  that  kala-azar  does  not  occur  in  the  locality 
investigated.  Children  are  chosen  because  the  adults  have  acquired 
a  partial  immunity,  as  already  explained. 

But  the  endemic  index  as  defined  by  Ross  is  sure  to  be  higher 
than  the  mere  spleen-rate,  and  therefore  the  blood  must  be  ex- 
amined in  the  children  whose  spleens  are  not  enlarged,  and  the 
parasite-rate  must  be  added  to  the  spleen-rate  to  obtain  the  true 
endemic  index. 

In  all  calculations  such  as  the  above,  the  statistical  error  must  be  borne  in 
mind,  and  Poisson's  formula,  or  the  modification  by  Pearson  which  Ross 
recommends,  must  be  applied. 

Let  N  =  total  number  of  children  under  fifteen  years  of  age  in  a  locality. 
n  =  number  examined  for  spleen-rate. 
X  =  number  with  enlarged  spleen. 

-  100=  spleen -rate. 

c  %  =  percentage  of  error. 
Then  by  the  Poisson-Pearson  formula  the  percentage  error  will  be 

„.       200      /2x{n~x]       I       n  —1 
'/'=    n    \/  "   n        V         N^i 

Predisposing  Causes. — The  causes  which  predispose  to  the 
disease  may  be  classified  into  : 

1.  Those  which  promote  infection  with  the  parasite. 

2.  Those  which  promote  the  increase  of  the  parasite  in  man  after 
its  inoculation. 


PREDISPOSING  CAUSES  641 

1.  Those  which  Promote  Infection  with  the  Parasite. — 
The  first  of  these  is  residence  in  an  area  which  contains  not  merely 
persons  with  gametocytes  in  their  blood,  but  also  mosquitoes  capable 
of  carrying  the  disease,  associated  with  an  atmospheric  temperature 
suitable  for  the  development  of  the  parasite  in  the  mosquito. 

The  second  is  any  cause  which  produces  large  numbers  of  mos- 
quitoes capable  of  spreading  the  disease.  This  will  be  not  merely 
a  suitable  air-temperature,  but  also  moisture.  Hence  low-lying, 
marshy  places,  and  the  wet  season  are  important  predisposing 
causes. 

The  third  is  occupation,  for  this  may  compel  people  to  live  in  , 
malarial  countries,  to  reside  in  the  low-lying  marshy  portions  of  the 
same,  to  work  in  rice-fields  covered  with  water,  etc.     Age  is  a  pre- 
disposing factor,  as  mosquitoes  have  more  opportunity  of  biting  a 
young  child  than  an  adult.     Sex  has  no  influence. 

2.  Those  which  Promote  the  Increase  of  the  Parasite 
AFTER  its  Inoculation. — These  predisposing  causes  are  subdi- 
visible into  :  (a)  racial ;  (b)  personal ;  (c)  meteorological. 

{a)  Racial. — There  is  no  doubt  that  the  native  races  suffer  less 
than  an  immigrant  race  in  a  tropical  country,  where  there  is  always 
malaria  present,  and  this  we  believe  to  be  mainly  due  to  the  acquired 
partial  immunity  of  the  native  race,  as  already  explained. 

(b)  Personal. — It  wDl  be  obvious  from  the  above  remarks  that  the 
parasite  cannot  produce  the  markedly  deleterious  effects  which  we 
term  malarial  fever,  unless  there  be  a  sufficiently  large  number 
present.  Further,  there  appears  to  be  a  tendency  on  the  part  of 
the  body  to  manufacture  protective  substances,  which  keep  the 
growth  of  the  par^isite  in  check.  Anything,  therefore,  which  inter- 
feres with  the  production  of  these  checking  materials  will  enable 
the  parasite  to  grow  and  multiply,  and  will  thus  become  a  predis- 
posing cause  of  the  disease.  Such  conditions  are :  (i)  chills  ; 
(2)  starvation  or  overfeeding  ;  (3)  the  onset  of  another  acute  disease  ; 
(4)  the  presence  of  some  chronic  ailment,  which  may  often  be  but 
slight. 

(c)  Meteorological. — We  have  already  drawn  attention  to  the 
relationship  between  the  temperature  of  the  external  air  and  the 
development  of  the  parasites  in  the  mosquito.  It  now  remains  to 
point  out  that  a  similar  relationship  exists  between  that  condition 
and  the  development  of  the  parasite  in  the  human  being. 

Ross  is  of  the  opinion,  not  merely  from  observations  upon  man 
infected  with  malaria,  but  also  upon  birds  infected  with  Halteridium, 
that  high  air-temperatures  are  favourable  to  the  increase  of  the 
malarial  parasites  in  man.  High  air-temperatures  are  therefore  a 
cause  of  the  relapses  met  with  so  frequently  in  the  hot  dry  season 

of  the  tropics.  ^      ^  ^    .       ,  ,•  1 

The  reverse  is  also  true ;  hence  the  benefit  of  sanatoria  at  high 
altitudes  in  the  tropics,  and  also  of  sending  a  fever-stricken  patient 
to  cooler  cHmates,  provided  the  change  from  the  hot  to  the  cold 
cUmate  be  not  sudden,  but  gradual. 
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Climatology. — ^The  geographical  distribution  of  malaria  is  deter 
mined  by  a  combination  of  the  conditions  suitable  for  the  productioi 
of  large  numbers  of  mosquitoes  capable  of  carrying  the  germ,  witl 
those  suitable  for  the  development  of  the  parasites  in  the  mos 
quitoes,  together  with  the  presence  of  human  beings  with  numbers 
of  gametocytes  in  their  blood. 

The  virulence  in  one  region  more  than  in  another  may  depenc 

upon  the  type  of  parasite.     Thus,  Laverania  malaria,  which  is  i 

more  virulent  parasite  than  Plasmodium  malaricB  or  P.  vivax,  bein^ 

very   common  on  the    West  Coast  of   Africa,    renders   that   ares 

. .  peculiarly  dangerous. 

Generally  speaking,  malaria  is  most  prevalent  in  the  region  of  thf 
Equator,  and  diminishes  gradually  north  and  south  till  the  Arctic 
and  probably  Antarctic  Circles  are  reached.  The  malarial  area  lies 
between  63°  north  latitude  (mean  summer  isotherm  of  15°  to  16°  C] 
and  35°  south  latitude.  Its  geography  may  alter  considerably  ir 
the  course  of  years.  Thus  regions  in  England,  Holland,  France. 
Germany,  and  Austria-Hungary  are  much  less  malarial  than  thej 
formerly  were.  On  the  other  hand,  it  has  been  known  to  affect 
countries  which  at  one  time  were  immune.  Thus  Ross  says  that 
he  believes  that  Mauritius  was  infected  in  the  early  sixties  of  last 
century  by  the  introduction  of  a  mosquito  capable  of  spreading  the 
disease,  and  hence  the  epidemic  which  occurred  in  that  island. 
Reunion  is  another  example.  Therefore  the  geography  to  be 
described  is  that  known  to  exist  at  present. 

Africa. — The  worst  malarial  region  in  the  world  is  probably  the 
West  Coast  of  Africa,  from  Senegal  to  the  Congo,  but  the  whole  of 
Africa,  except  portions  of  Cape  Colony,  is  malarial. 

Asia. — Malaria  is  widespread  throughout  Asia,  being  very 
marked  in  certain  districts  of  India,  especially  the  swampy  land  at 
the  foot  of  the  Himalayas,  and  in  Ceylon ;  while  Arabia,  S5n-ia,  the 
Straits,  Siam,  and  China  are  also  malarial.  Little  is  known  about 
Siberia. 

Australasia  and  Polynesia.— Most  of  Australasia  except  West 
Australia  is  free  from  malaria,  but  it  occurs  in  New  Guinea,  Fin- 
schafen,  the  Solomon  Islands,  and  the  Bismarck  Archipelago. 

America. — Malaria  exists  in  Central  America,  the  West  Indies,  the 
coast  of  the  Mexican  Gulf,  the  north  of  South  America,  including 
British  Guiana,  and  the  north  of  Brazil  as  far  as  Rio  de  Janeiro. 
Paraguay  and  Bohvia  are  infected,  as  are  Peru  and  Chili,  but  the 
south  part  of  South  America  is  less  infected.  Many  places  in  the 
United  States  are  malarial,  but  Canada  is  not  markedly  infected, 
except  about  the  northern  shore  of  Lake  Ontario,  while  Greenland 
is  supposed  to  be  free. 

Europe.— Great  Britain  and  Norway  are  practically  free,  but  most 
of  the  other  countries  have  endemic  foci,  particularly  Russia,  Italy, 
Greece,  Turkey,  and  Austria-Hungary. 

In  France  malaria  exists  in  the  south  and  west  ;  in  Switzerland  in 
the  cantsn  of  Tessin  ;  in  Germany  along  the  course  of  the  Rhine, 
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and  in  the  lowlands  watered  by  the  tributaries  of  the  Danube, 
Sweden  has  also  some  endemic  spots. 

Apart,  however,  from  mere  geographical  distribution,  it  will  bf 
obvious  that  the  necessary  conditions  for  malarial  propagation  arc 
best  supplied  in  the  tropics,  especially  near  the  Equator,  when 
there  is  generally  a  considerable  amount  of  atmospheric  moisture 
and  rain  as  well  as  heat. 

The  wet  season  has  also  a  great  influence,  supplying  the  necessarj 
moisture  which  at  other  times  may  be  lacking.  The  effect  of  alti- 
tude has  already  been  mentioned. 

Pathology. — In  malaria  the  body  is  invaded  by  protozoal  para- 
sites, which  grow  and  increase  at  the  expense  of  the  red  cells  of  the 
blood,  and  in  doing  so,  manufacture  toxins,  of  which  we  know  two 
— viz.,  a  pyrogenetic  toxin  and  a  hsemolysin. 

Red  blood  cells  are  found  in  the  whole  of  the  circulatory  organs 
but  are  generally  contained  in  arteries,  veins,  and  capillaries.  Ir 
two  places,  however — viz.,  the  spleen  and  bone-marrow — they  come 
intimately  into  relationship  with  the  parenchyma  cells.  Whatevei 
function  the  spleen  may  in  future  be  found  to  possess,  as  regards 
the  malarial  parasites,  it  probably  acts  as  a  purifier  to  the  blood 
which  passes  through  it.  Perhaps  the  bone-marrow  assists  ir 
such  a  function. 

Parasites  contained  in  red  cells  should,  therefore,  be  able  to  pas; 
all  over  the  body,  and  should  be  found  equally  distributed,  no  mattei 
what  organ  is  examined'.  This  would  be  so  if  the  parasite  did  no1 
seriously  damage  the  red  cell,  and,  by  its  toxins,  the  endotheliurr 
of  the  vessels,  especially  that  of  the  capillaries,  in  which  the  blood- 
flow  is  slowest.  It  would  appear  as  though  the  damage  done  tc 
the  red  cell  by  the  quartan  parasites  is  not  severe  enough  to  cause 
them  to  be  caught  in  the  capillaries.  Therefore  the  whole  life- 
history  of  the  quartan  is  spent  in  the  circulation,  and  sporulating 
forms  can  be  readily  seen  in  finger-blood. 

Tertian  parasites,  on  the  other  hand,  seriously  affect  the  red  cells, 
causing  swelling,  degeneration,  and  decolorization.  The  tropho- 
zoite and  schizont  stages  are  easily  seen  in  the  peripheral  circulation 
Still,  the  sporulating  forms  are  more  common  in  the  spleen,  whicl 
may  be  looked  upon  as  having  filtered  them  off  from  the  blooc 
which  passes  through  it. 

The  subtertian  parasites  act  deleteriously  on  the  corpuscles 
making  them  smaller  and  darker.  They  rarely  appear  in  the  peri- 
pheral circulation  in  the  sporulating  condition,  while  they  abounc 
in  the  spleen  and  internal  organs.  On  examining  the  organs  post- 
mortem, it  will  be  found  that  the  schizont  and  sporulatmg  forms 
are  found  in  the  capillaries,  while  the  trophozoites  are  found  attachec 
to  the  walls  of  the  arterioles  and  venules. 

The  sporulating  parasites  give  rise  to  haemozoin,  which  escape; 
from  the  corpuscle  along  with  the  merozoites,  and  will  therefore  be 
most  commonly  found  in  those  tissues  and  organs  in  which  sporula 
tion  takes  place— e.g.,  spleen,  liver,  and  bone-marrow— and  will  give 
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them  a  definite  coloration,  varying   from  a  reddish-brown    to    i 
black,  according  to  the  quantity  present. 

This  pigment  will,  of  course,  be  also  met  with  in  the  periphera 
blood,  both  free  and  inside  mononuclear  leucocytes,  for,  on  escapinj 
from  the  parasite,  the  haemozoin  is  seized  by  the  mononuclea: 
leucocytes,  macrophages,  and  the  endothelial  cells  of  capillaries 
therefore,  in  acute  malaria,  it  will  be  distributed  evenly  through  th( 
organ  affected.  The  pigment  is  later  conveyed  from  the  blood 
vessels  into  the  tissues  by  the  phagocytes,  and  is  found  in  the  con 
nective  tissue  of  the  organ  close  to  the  bloodvessels.  Eventually  ii 
disappears,  being  partially  digested  by  the  phagocytes  and  tissue 
cells,  and  partially  removed  by  the  lymph.  This  process,  however 
cannot  continue  without  causing  irritation  of  the  connective  tissue 

Not  merely  does  pigment  escape  from  the  sporulating  parasite^ 
but  also  haemolysin,  which  damages  the  red  cells,  and  causes  thf 
appearance  of  another  pigment,  yellowish  in  colour,  called  '  hemo- 
siderin.' This  is  deposited  in  the  parenchyma  cells  of  the  organs— 
e.g.,  the  liver — and  may  perhaps  damage  them. 

Another  toxin — this  time  pyrogenous — also  escapes  from  the 
sporulating  parasite,  and  may  be  the  cause  of  the  hyperasmia  found 
in  the  internal  organs — e.g.,  the  spleen  and  the  liver  in  acute  malaria 
■ — and  may  also  cause  the  destruction  of  the  parenchyma  cells  oi 
those  organs.  After  a  series  of  attacks  the  blood  capillaries  and 
l5niiph  spaces  in  the  liver  and  spleen  remain  permanently  dilated, 
and  separated  by  only  a  slight  amount  of  damaged  parenchyma 
tissue.  Later,  regeneration  of  the  parenchyma  takes  place,  but 
the  organ  will  remain  permanently  altered,  even  though  all  pig- 
mentatioti  may  have  disappeared. 

In  the  case  of  the  subtertian  parasite,  serious  local  damage  may 
be  caused  to  the  brain,  the  intestine,  the  pancreas,  or  other  organs 
by  the  parasites  massing  in  the  capillaries  and  forming,  with  free 
pigment  and  swollen  endothelial  cells  laden  with  pigment  and 
parasites,  regular  thrombi,  sufficient  to  impede  the  circulation,  and 
thus  to  still  further  damage  the  toxin-poisoned  organ.  Finally,  the 
toxins  are  excreted  by  the  skin  and  by  the  kidney,  and  in  doing  so 
may  damage  the  latter  organ. 

There  are  two  main  conditions,  the  pathology  of  which  must  be 
explained — viz.,  acute  and  chronic  malaria.  In  acute  malaria  there 
are  the  effects  produced  by  each  of  the  three  parasites,  of  which  the 
subtertian  is  liable  to  seriously  damage  important  organs. 

Chronic  malaria  should  also  be  described  according  to  the  three 
types,  but  there  is  at  present  lack  of  material  to  evolve  such  a 
description.  Chronic  malaria  may,  however,  pass  to  an  advanced 
condition  called  '  malarial  cachexia,'  which  shows  itself  in  three 
ways — as  (i)  a  rare  acute  cachexia ;  (2)  a  more  common  chronic 
cachexia  ;  (3)  cachexia  with  amyloidosis. 

In  addition,  there  are  the  pathological  features  of  latent  malaria 
and  the  relapses  to  be  discussed. 

Before,    however,    proceeding    to    describe    the    actual    morbid 
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anatomy  of  these  conditions,  a  few  words  must  be  said  upon  wha 
we  know  of  the  chemical  pathology  of  the  disease  and  on  the  bloo 
changes  which  take  place. 

Chemical  Pathology. — ^The  pyretogenous  toxin  has  already  beei 
mentioned. among  the  poisons  of  animal  origin,  and,  though  Ion, 
suspected  of  being  present,  its  actual  occurrence  was  first  provei 
by  Rosenau  and  his  collaborators.  Probably  it  is  the  poison  whicl 
acts  deleteriously  upon  the  tissues  of  the  organs  and  causes  meta 
bolic  changes,  but  this  is  only  a  matter  of  conjecture. 

We  know  that  the  heat  output  in  the  cold  stage  of  the  attack  i 
markedly  diminished — a  condition  met  with  in  many  fevers — bu 
the  chemistry  of  the  metabolic  changes  is  but  little  known.  Durinj 
the  attack  the  urine  is  at  first  increased  in  quantity,  which  is  though 
to  be  due  to  the  rise  of  blood-pressure  internally,  owing  to  th( 
contraction  of  the  cutaneous  vessels  during  the  cold  stage.  Not 
withstanding  this  increase  in  quantity,  the  specific  gravity  is  raised 
because  of  the  increased  metabolism  caused  by  the  toxins,  as  ii 
shown  by  the  large  increase  in  solids.  The  colour  is  dark,  and  th( 
acidity  of  the  urine  is  increased,  as  in  most  fevers.  Nitrogen  ii 
excreted  in  excess,  which  is  largely  due  to  the  increase  of  urea 
Chlorides,  sulphates,  and  bases,  especially  potassium,  are  all  in 
creased  in  quantity.  Phosphates,  however,  are  diminished  during 
the  actual  attack,  but  increased  as  it  is  passing  off,  and  are  con 
siderably  increased  in  the  intermission.  Phosphoric  acid  is  there 
fore  retained  in  the  body  during  the  attack. 

As  would  be  expected,  iron  is  excreted  in  increased  quantity 
probably  due  to  haemozoin  and  haemosiderin,  but  this  increase  doe; 
not  really  appear  until  after  the  actual  attack  is  over,  and  thei 
continues  for  some  days. 

As  before  remarked,  the  urine  may  contain  a  considerable  quantit3 
of  urobilin,  and  the  indigo-blue  may  be  also  increased.  The  diazo 
reaction  is  said  to  be  obtainable  in  about  5-5  per  cent,  of  cases 
Serum-albumin  may  be  present  after  severe  attacks,  and  proteose 
has  been  reported,  as  well  as  nucleo-proteid. 

When  the  intermission  comes,  the  urine  diminishes  in  quantity, 
but  nitrogen  is  still  excreted  at  a  higher  rate  than  it  should  be, 
though  less  than  during  the  attack. 

Chlorides  are  diminished,  phosphates  increased ;  sulphates, 
though  still  higher  than  normal,  are  less  than  during  the  attack, 
while  the  excretion  of  the  bases  is  diminished.  The  excretion  oi 
iron  is  marked,  and  the  toxicity  of  the  urine  is  said  to  be  considerable. 
During  convalescence  the  most  marked  features  are  the  polyuria, 
with  low  specific  gravity,  which  in  subtertian  fevers  may  be  so 
marked  as  to  alarm  the  patient,  while  in  quartan  and  tertian  it 
may  be  so  slight  as  to  escape  attention.  There  is  also  increase  of 
chlorides  and  potassium  salts  excreted. 

As  regards  the  faeces,  the  most  noticeable  feature  is  the  increase 
in  the  excretion  of  bile  and  iron,  both  of  which  are  related  to  the 
blood-destruction. 
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The  sweat  of  a  malarial  patient  is  well  known  to  have  a  peculiar 
odour,  and  contains  substances  very  toxic  to  rabbits. 

The  above  chemical  features  point  to  the  fact  that  the  toxins  of 
malaria  are  excreted  from  the  body  by  the  sweat  and  the  urine,  and 
that  during  the  fever  there  is  very  active  nitrogenous,  potassic, 
chloride,  and  sulphate  metabolism. 

That  there  may  be  other  toxins  as  yet  unknown  is  obvious  from 
the  fact  that  the  Plasmodia  cause  marked  shivering  and  a  sensation 
of  coldness,  even  though  the  actual  blood  temperature  is  rising.  It 
would  appear  as  though  this  is  due  to  the  constriction  of  the 
cutaneous  vessels  by  some  poison  which  acts  on  non-striped 
muscle,  for  the  arrectores  pilorum  are  also  affected,  producing  goose- 
skin.  Laverania  malaria,  however,  because  it  sporulates  internally, 
and  not  in  the  peripheral  blood,  causes  chills  more  rarely  than  the 
other  two. 

De  Blasi  has  sh.own  that  an  antihaemolysin  is  formed  in  the  htunan 
body,  and  Casagrandi,  as  already  mentioned,  has  performed  experi- 
ments on  Halteridium  in  birds,  tending  to  show  that  this  substance 
has  a  restraining  power  against  increase  of  the  parasites. 

The  only  other  remarks  we  can  offer  on  the  chemical  pathology 
are  limited  to  the  nature  of  the  pigments,  hsemozoin,  and  hsemo- 
siderin. 

HiEMOzoiN. — Haemozoin  is  the  black  pigment  formed  from  haemo- 
globin by  the  malarial  parasites  while  living  in  the  erythrocytes, 
and  is  afterwards  distributed  over  the  body  on  the  disruption  of 
the  red  cells.  It  is  taken  up  by  phagocytes,  as  already  described, 
and  removed  from  the  bloodvessels  to  the  connective  tissue,  in  which 
it  can  be  seen  in  the  liver  and  spleen.  It  is  soluble  in  alkalis, 
but  not  in  water,  alcohol,  chloroform,  ether,  or  acids.  It  contains 
iron,  but  in  the  form  of  an  organic  compound,  which  will  not  give 
the  Berlin-blue  reaction.  Eventually  it  disappears  from  the  con- 
nective-tissue cells,  but  whether  it  is  eliminated  from  the  body  or 
used  in  some  altered  form  we  do  not  know.  As  it  is  formed  by 
malarial  parasites,  it  is  peculiar  to  the  diseases  caused  by  them. 

HEMOSIDERIN. — This  is  the  yellow  pigment  found  in  the  form  of 
yellow  granules  in  the  parenchyma  cells  of  the  liver,  spleen,  kidney, 
bone-marrow,  endothelium  of  capillaries,  and  occasionally  in  leuco- 
cytes, after  any  great  destruction  of  blood  cells.  In  malaria  it  is 
undoubtedly  due  to  the  action  of  hsemolysins  destroying  the  red 
cells.  It  contains  iron  in  the  form  of  an  inorganic  compound,  and 
gives  the  usual  Berlin-blue  reaction.  It  is  insoluble  in  alkalis  and 
acids,  but  is  soluble  in  alcohol. 

The  Blood. — ^The  parasites  live  in  the  blood,  in  which  they  produce 
changes  by  their  own  action  and  by  that  of  their  toxins. 

The  malarial  parasites,  being  true  blood  parasites  and  living  in 
the  red  cells,  form  the  most  important  feature  of  the  pathology  of 
the  blood,  but  their  structure  and  life-history  having  already  been 
described  in  the  chapter  on  Protozoa  (p.  289),  it  only  remains  to 
estimate  their  numbers. 
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Ross  estimates  that  a  medium-sized  person  of  68  kilogrammes 
(150  pounds)  body-weight  possesses  25,000,000,000,000  erythrocytes. 
In  a  severe  infection  he  estimated  the  parasites  as  numbering  12  per 
cent,  of  the  corpuscles — i.e.,,  3,000,000,000,000 — and,  further,  he 
considers  that  if  they  fall  below  i  to  100,000  corpuscles — i.e., 
250,000,000 — they  will  cause  but  little  disease.  Certainly,  large 
numbers  of  parasites  can  exist  in  the  body  and  go  through  their  life- 
cycle  in  the  spleen  without  causing  symptoms.  This  condition  is 
called  '  latent  malaria,'  and  can  be  easily  converted  into  active 
malaria  by  any  cause  which  depresses  the  vitality  of  the  body. 

Erythrocytes. — In  quartan  malaria  the  corpuscle  containing  the 
parasite  is  a  little  smaller  than  a  normal  corpuscle,  and,  if  anything, 
more  darkly  coloured.  In  tertian  malaria  it  is  swollen  and  more 
lightly  coloured,  and  on  colouring  with  Leishman's  stain  exhibits 
fine  red  granules  (Schiiffner's  dots),  which  are  to  be  looked  upon 
as  a  sign  of  degeneration  of  the  corpuscle.  In  subtertian  malaria 
the  corpuscles  when  stained  by  Leishman  may  exhibit  Maurer's 
dots  or  clefts,  which  appear  as  large,  irregular  red  formations,  the 
significance  of  which  is  uncertain,  and  in  addition  the  red  cells 
become  transformed  into  brassy  bodies,  which  are  red  corpuscles 
which  have  become  shrunken  and  taken  on  the  colour  of  brass. 
These  are  corpuscles  which  have  undergone  some  form  of  necrosis, 
probably  due  to  the  hemolysin,  though  it  has  been  thought  that 
they  were  infected  corpuscles  in  which  the  parasite  had  died  as  a 
result  of  the  necrosis. 

Partial  decolorization  of  the  erythrocytes  has  been  recorded  in 
subtertian  infections,  and  is  especially  well  marked  in  those  con- 
taining crescent  bodies.  Bignami  thinks  that  in  the  subtertian 
fever  the  red  corpuscles,  which  are  infected  with  the  parasite,  have  a 
diminished  elasticity,  and  therefore  are  not  so  capable  of  circulating, 
and  cling  to  the  walls  of  small  capillaries. 

As  every  sporulation  causes  the  destruction  of  red  cells,  ansemia 
is  one  of  the  marked  features  of  malaria.  This  destruction  takes 
place  at  each  paroxysm,  and  though  in  quartan  and  tertian  fever  it 
may  be  slight,  in  subtertian  fever  it  is  apt  to  be  considerable. 
Thus  in  twelve  hours  during  a  subtertian  attack  Dionisi  notes  a 
fall  from  4,500,000  to  4,000,000  erythrocytes,  while  in  pernicious 
fevers  the  loss  may  be  even  greater. 

After  a  certain  number  of  attacks  of  fever  the  loss  becomes  much 
less  than  in  the  earlier  seizures. 

When  the  fever  is  intermittent  regeneration  takes  place  quickly, 
so  that  before  the  next  paroxysm  the  normal  number  of  erythrocytes 
may  be  nearly  reached  ;  but  even  in  quartan  and  tertian  fevers,  if 
long-continued,  anaemia  will  result. 

The  histological  changes  in  the  unaffected  corpuscles  are  pallor 
and  poikUocytosis,  and  in  severe  cases  megaloblasts,  with  poly- 
chromatophilia  and  basic  granular  degeneration,  together  with 
normoblasts,  may  be  noted.  The  tonicity  of  the  corpuscles  is  in- 
creased after  a  number  of  attacks,  according  to  Viola.     In  the  blood 
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of  malarial  cachectics  the  brothers  Sergent  have  described  baso- 
phile  formations  having  the  shape  of  a  figure  8,  with  a,  double 
contour,  and  Brumpt  and  others  have  described  basophile  rings 
with  a  single  contour.  Laveran  considers  these  appearances  to  be 
due  to  artefarcts. 

Leucocytes.— The  leucocytes  are  at  first  increased  during  the 
paroxysm,  and  then  markedly  diminished,  so  that  a  leucopenia  is  the 
characteristic  of  the  simple  malarial  fevers.  The  normal  ratio  of 
white  to  red  corpuscles  is  i  to  500  or  600.  From  observations  of 
Stephens  and  Christophers  this  may  be  i  to  90,  i  to  200,  i  to  290, 
or  I  to  300  during  the  rigor  [i.e.,  leucocytosis),  becoming  i  to  764 
[i.e.,  leucopenia)  when  the  rigor  was  completed,  and  when  the 
temperature  fell  altering  to  i  to  968.  Billet  has  shown  that  if  curves 
are  made  of  the  leucocytic  count  and  the  temperature  in  simple 
tertian  and  quartan  fevers,  the  two  curves  follow  one  another  in  their 
rises  and  falls.     In  pernicious  malaria  there  may  be  leucocytosis. 

Another  important  matter  is  the  relative  increase  of  the  large 
mononuclear  leucocytes,  and  this  is  better  marked  during  the 
leucopenia  of  apyrexia  than  during  the  leucocytosis  of  the  attack. 

The  following  are  some  examples  of  the  differential  count  accord- 
ing to  various  observers  : 


Kind  of  Corpuscles. 

Da  Costa. 

Billings. 

Christophers 
and  Stephens. 

Bastianella. 

Polymorphonuclears 
Large     mononuclear    and 

transitional 
Lymphocytes 
Eosinophiles 

67-00 

1 5 '94 
15-33 
06-83 

65-04 

16-90 
16-90 
00-96 

50-2 

31-4 
18-I 
00-4 

39"o 

41-0 
19-1 

00-6 

It  must  be  remembered  that  this  relative  increase  in  the  mononu- 
clears has  been  noted  in  other  protozoan  infections. 

Phagocytosis  is  particularly  seen  in  the  large  mononuclear  and 
transitional  leucocytes,  and  to  a  less  degree  in  the  polymorpho- 
nuclear leucocytes  and  very  rarely  in  the  eosinophiles.  In  these 
cells  clumps  of  pigment  and  the  residue  left  after  segmentation  of 
a  schizont  are  not  uncommonly  seen.  If,  however,  something 
abnormal  takes  place  in  the  red  corpuscle,  a  phagocyte  may  engulf 
it  and  its  parasite,  or  only  the  parasites  if  they  have  escaped  from 
the  red  cell,  or  only  the  debris  of  the  red  cell. 

Vacuolization  and  diminution  of  the  staining  power  of  leucocytes 
are  to  be  seen.  Myelocytes  are  said  by  Da  Costa  to  be  found  in  sub- 
tertian  infection  up  to  0  51  per  cent.  Eosinophiles  diminish  during 
the  paroxysm,  and  increase  during  the  apyrexia. 

H.<EMOGLOBiN. — This  is,  of  course,  reduced,  but  the  colour  index 
may  vary  sometimes,  being  less  than  normal. 

The  Specific  Gravity  of  the  Blood.— Diminution  of  the  den- 
sity of  the  blood  begins  at  the  onset  of  the  attack,  and  becomes  more 
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marked  as  it  proceeds,  and  may  amount  to  a  diminution  of  6-2 
degrees.  This  fall  is  probably  due  to  destruction  of  red  cells  and 
the  breaking  up  of  large  parasites,  which  more  than  balances  any 
loss  of  liquid  by  vomiting,  diarrhoea,  sweating,  and  polyuria. 

The  diminution  is  most  marked  in  full-blooded  persons,  in  primary 
affections,  and  first  attacks,  less  in  later  attacks,  and  least  in  chronic 
malaria.     The  density  recovers  after  treatment  by  quinine. 

Chronic  Malaria. — In  chronic  malaria  there  is  a  leucopenia  and 
a  marked  decrease  in  the  numbers  of  the  red  cells,  which  is  but  little 
affected  by  febrile  attacks. 

Post-malarial  Anaemia. — Bignami  points  out  that  there  are  cases 
in  which,  in  spite  of  the  cessation  of  the  malarial  fever,  the  ansemia 
tends  to  progress,  and  these  he  calls  post-malarial  anaemias.  They 
are  generally  induced  by  age,  malnutrition,  overwork,  pregnancy, 
nursing,  etc.,  and  are  not  due  merely  to  the  malarial  infection. 
Bignami  divides  these  into  four  types,  according  to  the  characters 
of  the  blood. 

First  Type. — This  form  of  anaemia  comes  on  after  attacks  ol 
ordinary  acute  malaria,  and  is  characterized  by  well-marked 
diminution  in  the  erythrocytes,  the  presence  of  normoblasts,  diminu- 
tion of  the  colour-index,  and  leucopenia  associated  with  relative 
mononuclear  increase.     In  this  type  the  prognosis  is  good. 

Second  Type. — The  second  type  is  severe,  and  the  prognosis  is 
exceedingly  bad.  It  is  characterized  by  great  diminution  in  the 
red  cells,  presence  of  poikilocytes,  megalocytes,  normoblasts,  and 
megaloblasts,  with  leucopenia  and  relative  mononuclear  increase. 

Third  Type. — ^This  is  rapidly  fatal,  and  has  similar  characters  to 
the  second  type,  but  is  without  normoblasts. 

Fourth  Type. — ^This  type  is  really  grave  chronic  anaemia,  resem- 
bling the  first  type,  but  being  specially  characterized  by  the  paucity 
of  the  normoblasts  and  the  marked  leucopenia. 

Morbid  Anatomy. — The  morbid  anatomy  of  malaria  has  been 
most  carefully  studied  in  recent  years  by  Bignami  in  Italy  and 
Ewing  in  America.  It  may  be  considered  under  the  following 
headings  : 

A.  Acute  Malaria. 

1.  Lesions  caused  by  Plasmodium  malanm. 

2.  Lesions  caused  by  Plasmodium  vivax. 

3.  Lesions  caused  by  Laverania  malarice. 

B.  Chronic  Malaria. 

1.  Lesions  caused  by  Plasmodium  vivax. 

2.  Lesions  caused  by  Laverania  malarim. 

3.  Malarial  cachexia. 

4.  Latent  malaria. 

A.  Morbid  Anatomy  of  Acute  Malaria — i.  Lesions  pro- 
duced "by  Plasmodium  malarice. — Plasmodium  malarice  goes 
through  the  entire  process  of  schizogony  in  the  circulating  blood, 
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and  hence  is  evenly  distributed  all  over  the  body,  and  therefore 
does  not  especially  accumulate  in  any  one  organ.  Marchiafava  and 
Bignami  mention  that  they  have  made  two  autopsies,  one  on  a 
case  of  acute  quartan  malaria,  in  which  the  patient  died  of  nephritis, 
and  the  other  in  a  case  of  the  same  fever,  in  which  the  patient  died 
of  spinal  disease.  All  they  noted  with  regard  to  the  visceral 
lesions  were  :  Spleen  enlarged,  not  softened  nor  very  melanotic  ; 
liver  and  bone-marrow  not  markedly  melanotic  ;  -parasites  in  the 
spleen  and  in  the  blood,  but  not  in  the  brain. 

Colonel  Sir  W.  Leishman  has  mentioned  that  he  has  received 
films  from  the  peripheral  blood  and  spleen  of  a  fatal  case,  in  both  of 
which  the  parasites  were  very  numerous,  but  he  was  not  in  a  position 
to  state  whether  the  patient  died  of  malaria  or  not.  If  P.  malaria 
is  to  produce  severe  symptoms,  it  would  appear  necessary  for  it 
to  exist  in  very  large  numbers. 

2.  Lesions  Produced  by  Plasmodium  vivax. — It  is  rare  for 
death  to  ensue  as  the  result  of  an  infection  with  P.  vivax. 
Still,  this  does  occur  at  times  when  there  is  a  heavy  infection. 
Ewing  has  described  a  case  of  tertian  infection  causing  coma, 
hsemoglobinuria,  and  either  causing  or  associated  with  catarrhal 

.colitis,  the  principal  features  being  the  pigmentation  of  the  bone- 
marrow,  liver,  and  spleen,  which  last  was  also  enlarged.  The  blood 
and  spleen  showed  large  numbers  of  P.  vivax.  The  kidneys  and 
colon  were  inflamed,  and  the  endothelial  cells  of  the  brain  were 
swollen  and  contained  pigment. 

3.  Lesions  produced  by  Laverania  malaria.  —  We  have 
already  insisted  several  times  upon  the  fact  that  L.  malaricB  differs 
from  the  other  malarial  parasites  in  sporulating  in  the  organs, 
generally  in  the  spleen,  but  at  times  choosing  one  organ  and  at  other 
times  another.  The  organ  in  which  it  sporulates  in  large  numbers 
suffers  most,  and  produces  symptoms  which  give  the  characters  of 
that  particular  type  of  malarial  fever. 

Thus  the  parasite  may  attack  principally  the  brain,  the  intestine, 
the  heart,  or  the  pancreas,  producing  marked  signs  of  disease  therein. 
Therefore  the  conditions  of  the  organs  vary  with  the  localization  of 
the  parasite. 

In  general  the  body  is  pale,  with  a  yellowish  tinge,  which  may  be  noted 
superficially  in  white  races,  but  which  may  only  be  observed  in  the  subcu- 
taneous tissues  in  native  races.  The  heart  may  be  small  or  dilated,  the 
muscle  flabby  and  pale,  and  ecchymoses  may  be  present  in  both  the  epicardium 
and  endocardium.  The  lungs  may  be  normal,  anaemic,  or  hypersemic  and 
congested.  Hasmozoin  is  not  easily  detected  in  the  lungs  because  of  the  usual 
pigmentation.  As  first  described  by  Laveran,  a  sclerosis  of  the  lungs  is  not 
infrequently  met  with. 

The  liver  is  generally  enlEirged,  and  varies  from  a  dark  brown  to  a  slate 
colour.  It  is  soft  and  congested,  and  the  outlines  of  the  lobules  are  usually 
indistinct.     The  gall-bladder  is  full  of  dark-coloured  bile. 

The  spleen  is  enlarged,  with  a  tense  capsule,  but  its  consistency  is  much 
less  than  normal,  and  at  times  it  may  be  almost  diffluent  in  very  acute  cases. 
Its  colour  varies  from  a  deep  brown  to  a  black. 

The  stomach  and  intestines  may  show  but  little  change,   except  in  the 
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choleraic  forms,  m  which  their  mucosa  may  be  intensely  congested  and  dark 
red  in  co  our,  except  where  the  Peyer's  patches  and  the  solitary  glands  stand 
out  clearly.  The  intestine  is  darker  red  in  certain  places,  giving  it  a  mottled 
appearance,  and  the  contents  may  be  blood-stained  fluid  with  flakes  of  mucus 
In  fact,  the  appearance  post-mortem  and  the  history,  if  death  takes  place 
rapidly,  so  much  resemble  those  of  cholera  that  in  regions  where  that  disease 
IS  prevalent  mistakes  may  arise,  though,  indeed,  the  dark  pigmentation 
should  enable  errors  to  be  avoided.  We  have  not  infrequently  met  with 
dark  pigmentation  of  the  small  and  large  bowels  in  cases  of  pernicious  cerebral 
malaria.  This  pigmentation  is  due  to  hamozoin,  as  can  be  easily  proved  bv 
microscopical  examination. 

The  lymphatic  glands  may  be  swollen,  while  the  pancreas  is  usually  normal 
but  It  may  be  very  rarely  swollen  and  hsemorrhagic— i.e.,  in  a  condition  of 
hemorrhagic  pancreatitis. 

The  suprarenal  capsules  may  be  congested.  The  kidneys  are  more  or  less 
normal,  but  sometimes  they  are  congested,  with  punctiform  hemorrhages  in 
the  pelvis  and  cloudy  sweUing  in  the  parenchyma.  The  serous  membranes, 
pleura,  and  peritoneum,  show  as  a  rule  nothing  remarkable,  except,  perhaps,  a 
little  pigmentation.  The  bone-marrow  is  generally  hyperamic  and  chocolate- 
brown  in  colour.  The  brain  may  appear  normal,  but  in  the  cerebral  type  of 
pernicious  malarial  fevers  there  will  be  marked  changes.  In  slight  cases 
there  may  be  only  oedema  without  pigmentation  or  petechias.  Sometimes 
there  is  brownish  pigmentation  without  petechiae,  and  with  or  without 
oedema.  Typically;  however,  there  are  :  (i)  Hyperemia  of  the  leptomeninges 
which  may  be  oedematous  and  thickened  ;  (2)  brownish,  or  even  blackish, 
pigmentation  of  the  cortex  ;  and  (3)  punctiform  hemorrhages  in  the  white 
ruatter  under  the  cortex  or  elsewhere.  The  spinal  cord  exhibits  changes 
similar  to  those  in  the  brain,  while  the  retina  show  numerous  hemorrhages. 

Microscopical  Examination. — After  death,  parasites  may  be  found  in  the 
blood  of  the  heart,  spleen,  bone-marrow,  and  at  times  in  the  capillaries  of  the 
brain,  intestines,  pancreas,  etc. 

The  parasite,  however,  is  much  shrunken,  and  the  typical  forms  seen  during 
life  are  not  distinct  after  death.  Thus  the  ring  form  shrinks  and  becomes  a 
rounded  disc,  with  the  chromatin  particle  situated  at  the  periphery.  The 
fully  developed  schizont  is  more  typical,  the  merozoites  being  arranged  in  a 
ring  around  the  central  pigment  block.  The  mononuclear  leucocytes  will  be 
noted  to  have  pigment  granules,  while  the  polymorphonuclears  may  show 
phagocytosis.  In  films  from  the  internal  organs  macrophages  with  parasites 
and  red  cells  may  be  seen. 

In  the  heart  there  may  be  a  few  parasites,  but  very  rarely  the  capillaries 
will  be  found  filled  with  red  cells  containing  numerous  parasites,  and  the  heart 
muscle  laden  with  hemosiderin,  as  has  been  described  in  a  pernicious  cardiac 
form  of  malaria. 

The  lungs  may  contain  parasites  in  all  stages  of  their  existence,  as  well  as 
pigmented  macrophages,  and  leucocytes.  It  is,  perhaps,  doubtful  whether 
there  is  a.  true  form  of  malarial  pneumonia.  Bignami  has  stated  that  the 
pneumococcus  is  always  present,  and  that  a  pneumonia  in  a  malarial  patient 
is  a  double  infection. 

The  capillaries  of  the  liver  are  much  enlarged,  with  swollen  endothelial 
cells  often  laden  with  pigment.  These  capillaries  are  filled  with  blood  cells 
containing  parasites  and  leucocytes  with  pigment.  The  perivascular  lymph- 
spaces  are  swollen,  and  Kiipfer's  cells  contain  pigment.  The  liver  cells  are 
compressed  between  the  dilated  capillaries,  and  contain  hemosiderin  and  bile- 
pigment, '  and,  in  addition,  isolated  cells  or  groups  of  cells  may  be  necrosed, 
but  this  is  rarely  extensive.  The  portal  canals  are  infiltrated  with  red  cells, 
containing  parasites  in  all  stages  of  development. 

In  the  spleen  the  red  cells  of  the  pulp  are  seen  to  be  filled  with  schizonts 
and  crescents,  while  pigment  is  present  in  leucocytes  and  macrophages.  The 
kidneys  show  pigmentation  in  the  walls  of  the  capillaries  of  the  glomeruli,  as 
well  as  those  lying  between  the  tubules  ;  but  parasites  are  rare  in  the  former, 
though  common  in  the  latter  situation.     Phagocytes  are  not  uncommon  con- 
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taining  pigment,  red  cells,  and  parasites.  The  cells  of  the  glomeruU  degenerate, 
and  are  thrown  off  into  the  -capsule  along  with  exudation,  and  the  epithelial 
cells  of  the  convoluted  tubules  degenerate,  and  are  cast  off  into  the  lumen 

The  suprarenal  capsule  shows  irregular  areas  of  vascular  dilatation  lull  of 
erythrocytes,  many  of  which  contain  parasites,  while  macrophages  may  also 
be  present.  ,       ,      „  ,   •   ■ 

The  capillaries  of  the  abdominal  fat  are  often  full  of  red  cells  contaimng 
parasites.  The  bone-marrow  is  chocolate-coloured  in  the  small  bones,  and 
brownish-red  in  the  long  bones.  Often  it  is  soft  and  diffluent,  and  contains 
sporulating  parasites  and,  in  particular,  crescents  (gametocytes),  which  are 
thought  to  start  their  life  here. 

When  the  intestine  shows  the  choleraic  appearances  described  above,  the 
capillaries  of  the  mucosa  and  vilU  are  filled  with  parasites  in  all  stages  of 
schizogony,  and  leucocytes  with  pigment  masses.  The  epitheUal  cells  are 
necrotic,  but  the  submucosa  and  deeper  layers  escape  injury,  and  their  blood- 
vessels contain  nearly  normal  cells. 

The  brain  in  pernicious  cerebral  fevers  has  its  capillaries  filled  with  sporu- 
lating parasites,  while"  the  arterioles  and  venules  are  freer,  and  only  contain 
young  forms.  Sometimes  no  parasites  are  to  be  seen,  and  only  pigment  in  the 
endothelial  cells,  which  may  be  swollen  and  fatty.  The  nerve  cells  may  be 
affected,  showing  damage  to  or  disappearance  of  Nissl's  bodies,  and  degenera- 
tion of  their  nuclei.  The  punctiform  haemorrhages  are  due  to  the  diapedesis 
of  apparently  normal  red  cells. 

B.  Morbid  Anatomy  of  Chronic  Malaria. — The  lesions  of 
chronic  malaria  fall  principally  upon  the  spleen,  the  liver,  and  the 
bone-marrow.  We  are  not  acquainted  with  any  records  of  post- 
mortems on  persons  suffering  from  chronic  malaria  due  to  Plas- 
modium malarice. 

1.  Lesions  due  to  Plasmodium  vivax. — The  best  recorded 
case  of  this  infection  is  that  given  by  Ewing  of  a  man  who  suffered 
from  the  disease  for  about  a  year,  and  died  from  endocarditis  about 
three  months  after  the  last  attack.  The  spleen  was  enlarged,  firm  and 
dark,  and  contained  parasites  and  pigment  in  endothelial  cells  about 
the  Malpighian  bodies.  Some  haemosiderin  could  also  be  seen. 
The  liver  showed  no  gross  signs  indicating  malaria,  but,  microscopi- 
cally, pigment  was  collected  in  large  intracellular  masses  in  the 
portal  canals  and  slightly  in  a  few  endothelial  cells  throughout  the 
lobule.  Macrophages  also  contained  pigment.  The  marrow  was 
but  slightly  pigmented,  showing  a  few  endothelial  cells  with  black 
pigment. 

2.  Chronic  Malaria  without  Definition  of  the  Parasite. — 
These  lesions  are  generally  due  to  Laverania  malarice,  and,  as  stated 
above,  affect  the  spleen,  Hver,  and  bone-marrow. 

The  spleen  is  always  enlarged,  often  considerably,  and  is  firm  in  consistence, 
but  its  colour  varies  from  a  slate  to  a  dark  red,  which  depends  upon  the  amount 
of  pigment  deposited  therein.  Usually  there  are  some  adhesions  indicating 
old  perisplenitis.  On  section  it  generally  appears  quite  black,  but  this  depends 
upon  the  amount  of  pigment ;  the  capsule  is  thickened ;  the  Malpighian 
follicles  stand  out  clearly,  as  they  are  enlarged  and  non-pigmented.  Micro- 
scopically the  capillary  vessels  are  seen  dilated  and  separated  by  splenic  pulp, 
or  by  connective  tissue  contaimng  giant  cells.  The  pigment  may  be  diffused 
through  the  organ,  but  is  generally  either  collected  around  the  follicles  or 
extracellular,  and  contained  in  the  lymphatics  of  the  arterioles  or  septa,  both 
of  which  are  thickened. 

The  liver  is  larger  and  harder  than  usual.     If  pigment  is  present,  it  will 
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"S^^A^  ^f  gathered  around  the  periphery  of  the  lobules,  which  will,  therefore, 
V^^t  •  T?v^^^^-„  ^^^^"^  *^®  pigment  becomes  perivascular,  and  finally  dis- 
f^7I^^^^  ii^  capillaries  or  lymph-spaces  may  be  considerably  dilated,  and  the 
1.2^?  i  atrophied  by  pressure.  On  the  other  hand,  proliferation  of  the  hepatic 
ceils  and  repair  of  the  damage  may  be  seen  taking  place.  Atrophy  of  the 
liver  IS  not  usual,  but  may  occur  in  old  people  from  thrombosis  of  the  portal 
vein,  and  is  then  associated  with  necrosis. 

The  bone-marrow  is  usually  pigmented,  and  of  a  chocolate  hue  in  the  small 
bones,  wlnle  m  the  long  bones  it  may  be  reddish,  except,  perhaps,  in  the  very 
centre.     This  colour  is  due  to  the  replacement  of  the  fat  by  vascular  tissue. 

3.  Malarial  Cachexia.— This  may  be  acute  when  it  develops 
after  a  few  attacks  of  fever,  but  more  commonly  it  comes  on  as  a 
sequela  to  chronic  malaria.  The  anemia  is  marked,  and  there  is 
fluid  about  the  ankles  and  in  the  abdominal  cavity.  The  spleen  is 
enormously  enlarged,  as  is  also  the  hver,  while  the  bone-marrow  is 
yellow,  sclerotic,  or  gelatinous.  Parasites  may  be  found,  or  they 
may  be  absent. 

A  special  form  of  cachexia  is  that  in  which  amyloid  changes  are 
found  in  the  kidney  along  with  parenchymatous  nephritis,  associated 
more  rarely  with  amyloid  changes  in  the  intestine,  spleen,  and  liver, 
with  sometimes  simple  ulceration  of  the  intestine. 

4.  Latent  Malaria. — Plasmodium  vivax  and  Laverania  malaria 
can  exist  in  the  spleen  of  persons  who  show  no  sign  of  fever  or  malarial 
cachexia.  These  parasites  can  go  through  their  Ufe-cycle  in  that 
organ,  and  in  the  case* of  L.  malarice  in  the  liver  also,  but  it  would 
appear  that  they  are  restrained  from  invading  the  circulation  by 
the  action  of  some  antitoxin,  and  therefore  do  not  increase  to  such 
numbers  as  to  cause  toxic  symptoms. 

Relapses. — It  is  obvious  from  the  above  that,  if  the  restraining 
influences  which  conduce  to  the  condition  of  latent  malaria  are 
removed,  an  attack  of  malaria  will  follow,  or  if  there  has  been  a  pre- 
vious attack,  a  relapse  will  take  place. 

Observers  have  always  had  a  difficulty  in  admitting  that  the 
ordinary  form  could  be  latent  and  cause  a  relapse,  though  there 
appears  no  doubt  that  this  can  take  place.  Schaudinn,  as  has 
already  been  mentioned,  considers  that  the  macrogametocyte  is 
capable  of  undergoing  parthenogenesis  and  forming  merozoites, 
thus  starting  a  cycle  of  schizogony  anew  and  causing  fever.  Craig 
and  other  observers  insist  upon  conjugation,  causing  a  rejuvenes- 
cence of  the  parasite  and  a  relapse  of  the  fever. 

THE  CLINICAL  DESCRIPTION  OF  MALARIAL  FEVERS. 

ACUTE  MALARIA. 

As  there  are  three  parasites — Plasmodium  malarim,  P.  vivax,  and 
Laverania  malaria — there  are  therefore  three  clinical  entities — 
quartan  malarial  fever,  tertian  malarial  fever,  and  subtertian 
malarial  fever — due  to  these  parasites. 

Quartan  and  tertian  parasites  go  through  their  whole  life-history 
in  the  circulating  blood,  and  though  the  tertian  sporulating  forms 
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are  found  in  internal  organs,  such  as  the  spleen,  yet  they  do  not  tend 
to  accumulate  in  those  organs  or  to  produce  special  effects.  On 
the  other  hand,  the  subtertian  parasite  sporulates  entirely,  or 
almost  entirely,  in  the  internal  organs  ;  and  if  one  particular  organ 
is  especially  attacked  by  the  parasites,  there  will  be  special  clinical 
features  to  that  phase  of  the  disease,  which  have  for  many  years 
been  alluded  to  as  the  perniciousness  of  this  type  of  fever,  and  these 
pernicious  symptoms  will  depend  upon  whether  the  parasite  is 
principally  localized  in — (i)  the  cerebro-spinal  nervous  system  ; 
(2)  the  gastro-intestinal  mucosa  ;  (3)  the  pancreas  ;  (4)  the  heart ; 
(5)  the  lungs  ;  (6)  the  liver. 

THE  QUARTAN  FEVERS. 

Quartan  malarial  fever  depends  for  its  symptoms  and  course 
upon  the  life-history  of  Plasmodium  malarics,  introduced  into  the 
blood  of  man  by  an  Anopheline  mosquito.  Its  clinical  course  will 
depend  entirely  upon  whether  the  parasites  are  of  approximately 
the  same  age,  or  whether  they  have  been  introduced  into  the  body 
on  different  days. 

If  only  parasites  of  approximately  one  age  exist  in  the  blood,  a 
typical  quartan  malarial  fever  ensues,  with  an  interval  of  seventy- 
two  hours  (the  length  of  time  which  a  merozoite  takes  to  become 
the  fully  developed  schizont).  Such  a  fever  is  called  '  quartana 
simplex,'  or  simple  quartan  fever. 

If  the  parasites  have  been  introduced  on  two  different  days,  and 
are  therefore  of  different  ages,  the  patient  will  develop  fever  on  two 
successive  days,  and  be  free  from  it  on  the  third  day  ;  such  a  fever 
would  be  called  '  quartana  duplex,'  or  double  quartan  fever. 

If,  however,  the  parasites  were  introduced  on  three  successive 
days,  the  fever  may  be  daily — that  is  to  say,  may  be  a  quotidian 
fever — and  this  could  only  be  recognized  as  belonging  to  the  quartan 
fevers  by  its  parasite  being  discovered  microscopically  ;  such  a 
fever  would  be  called  a  '  quartana  triplex,'  or  triple  quartan  fever. 

Simple  Quartan  Fever. 

Incubation. — ^This  has  not  been  determined  with  any  degree  of 
certainty.  It  is  without  doubt  longer  than  either  tertian  or  sub- 
tertian.  Celli,  by  experiment,  came  to  the  conclusion  that  it  might 
be  very  long — two  months  or  more. 

By  the  experimental  inoculation  of  blood,  Marchiafava  and 
Bignami  calculated  the  maximum  incubation  at  18  days,  the  mini- 
mum at  II  days,  and  the  mean  at  14-3  days.  We  are  not  aware  of 
any  experiment  to  determine  the  incubation  period  after  the  bite 
of  infected  mosquitoes. 

The  Febrile  Attack. — Generally  there  are  prodromata  before  an 
attack  of  quartan  fever.  Some  few  hours  previously  the  patient 
may  complain  of  giddiness,  weakness,  malaise,  headache,  or  even 
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nausea  and  vomiting.  If  the  blood  is  examined  during  the  occur- 
rence of  these  symptoms,  the  parasites  will  be  seen  to  be  schizonts, 
and  the  commencing  formation  of  merozoites  may  also  be  noted. 

In  a  short  time  the  definite  attack  begins.  It  may  roughly  be 
divided  into  three  stages :  (i)  The  cold  stage  ;  {2)  the  hot  stage  ; 
(3)  the  sweating  stage. 

I.  The  Cold  Stage. — ^The  patient  begins  to  feel  cold,  either  in  the 
legs,. arms,  or  back.  This  sensation  increases  until  actual  shivering 
sets  in.  In  quartan  fever  the  rigors  are  well  marked  and  character- 
istic, and  the  patient  may  shiver  until  he  shakes  the  bed  ;  the  teeth 
may  chatter,  the  lips  become  blue,  the  arms  and  legs  cold,  and  goose- 
skin  may  be  present.     If  the  blood  is  examined  in  this  stage,  some 
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Fig.  293. — Temperature  Chart  of  a  Case  of  Simple  Quartan  Malarial 
Fever  in  the  General  Hospital,  Colombo. 

of  the  parasites  may  be  seen  fully  sporulated,  or  only  young  para- 
sites may  be  found. 

During  this  cold  stage,  which  is  the  most  uncomfortable  of  the 
three  stages,  the  internal  'temperature  is  rising  rapidly,  and  the 
internal  organs  must  be  somewhat  congested  during  the  chill ;  for 
there  are  symptoms  of  intense  headache,  visual  disturbance, 
vomiting,  and  at  times  diarrhoea.  The  temperature,  which  rises 
before  the  chill  begins,  varies  at  first  from  100-4°  F.  to  102-2°  R, 
but  generally  rises  rapidly  to  its  maximum— about  104  F.  or  105  1' . 

The  cold  stage  does  not  last  long,  fifteen  to  thirty  minutes  being 
the  average  time,  but  it  may  be  longer  or  shorter,  and  may  be 
irregular,  being  preceded  by  a  transient  sensation  of  heat. 

2.  The  Hot  Si!age.— Gradually  the  shivering  ceases,  and  the  patient 
begins  to  feel  warmer  and  more  comfortable,  though  sensations 
of  cold  and  heat  may  succeed  one  another.  By  degrees  the  sensation 
of  heat  increases,  until  the  patient  becomes  burning  hot,  and  as  m 
the  cold  stage  he  desired  to  wrap  himself  up  with  coverings,  now 
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he  desires  to  throw  these  off.  The  skin  feels  hot  aiid  dry,the  pulse 
and  respirations  increase,  the  conjunctiva  become  injected.  Vomit- 
ing and  diarrhoea  may  take  place,  and  an  erythematous  rash  some- 
times appears.  The  temperature  reaches  its  maximum,  and  soon 
declines. 

This  stage  may  last  about  three  to  four  or  more  hours. 

3.  Sweating  Stage.— ToweiTds  the  end  of  the  hot  stage  the  fore- 
head is  noticed  to  bejdamp,  and  presently  the  sweat  begins  to 
appear  profusely,  and^  great  relief  is  felt  by  the  patient.  As  the 
sweating  increases,  the"  temperature  falls  rapidly  and  the  pulse-rate 
declines.  As  the  temperature  approaches  normal  the  patient  may 
fall  into  a  sleep,  from  which  he  will  wake  feeling  much  better,  and 
with  a  normal  or  subnormal  temperature.  The  total  duration  of  the 
attack  may  be  about  eight  to  ten  hours. 

The  Interval. — After  awaking  from  his  sleep  the  patient  feels  quite 
well,  though  weak,  and  generally  goes  about  his  ordinary  work 
during  the  two  days  of  this  interval.  But  signs  are  not  wanting 
that  everything  is  not  well ;  for  the  temperature  is  often  subnormal 
and  the  pulse  slow,  while  in  the  blood  the  developing  parasites 
may  be  traced,  and  leucopenia  with  relative  mononuclear  increase 
noted.  At  the  end  of  seventy-two  hours  the  ap5n-exial  interval  will 
end  in  an  attack  of  fever,  as  described  above. 

Irregularities. — Prolongation  of  the  attack  has  been  noticed. 
Marchiafava  and  Bignami  state  that  it  may  very  exceptionally  last 
for  more  than  twenty-four  hours,  in  which  case  the  temperature 
shows  two  chief  undulations — one  near  the  beginning  and  the  other 
near  the  end  of  the  attack — separated  by  a  marked  remission. 

Children. — Children  may  show  neither  cold  nor  sweating  stages. 
Very  often  convulsions  take  the  place  of  the  cold  stage,  but  these 
may  be  so  slight  as  not  to  be  noticed.  On  the  other  hand,  they 
may  be  very  severe. 

The  Course  of  the  Fever.^ — Quartan,  rightly  or  wrongly,  is  believed 
to  have  a  great  tendency  to  relapse,  to  go  on  for  months,  and  even, 
it  is  said,  for  years,  if  not  treated.  The  parasites  rarely  appear 
to  multiply  to  any  great  extent  in  the  blood,  and  hence  pernicious 
symptoms  are  usually  absent.  If  left  to  itself,  the  fever  is  supposed 
to  gradually  die  out,  but  to  recur  at  times.  Spontaneous  cure  is, 
however,  rare. 

Double  Quartan  Fever. 

In  this  form  there  is  an  attack  of  fever  on  two  successive  days, 
and  an  apyrexial  interval  of  twenty-four  hours. 

Typically  the  two  attacks  should  be  equal  in  severity,  but  often 
this  is  not  so,  for  one  attack  is  less  severe  than  the  other.  As  already 
stated,  this  may  be  due  to  two  groups  of  parasites  inoculated  on 
separate  days.  But  sometimes  quartana  simplex  may  become 
quartana  duplex,  and  this  is  explained  by  the  fact  that  there  may 
be  a  double  infection,  but  that  while  there  are  many  of  one  brood 
of  parasites,  and  hence  fever,  the  other  brood  may  be  so  few  at  first 
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that  they  require  time  to  develop  to  such  numbers  as  are  necessary 
lor  the  production  of  fever.  Consequently  quartana  duplex  may 
at  first  show  itself  by  a  very  slight  rise  in  the  temperature  on  the 
second  day,  which  increases  gradually  till  equal  to  that  produced 
by  the  stronger  infection. 

Triple  Quartan  Fever. 

This  is  a  quotidian  or  daily  fever  produced  by  three  broods  of 
quartan  parasites  coming  to  maturity  on  three  successive  days, 
and  can  only  be  diagnosed  by  an  examination  of  the  blood.  1  he 
three  attacks  may  be  similar,  and  may  begin  at  the  same  hour, 
or  they  may  vary  in  severity  and  begin  at  different  times.  In 
quartana  triplex  sometimes  an  attack  may  be  '  subintrant  '—that  is 
to  say,  the  cold  stage  of  one  attack  may  begin  before  the  sweating 
stage  of  the  other  attack  is  finished  ;  but  this  is  not  common,  and 
usually  there  is  a  distinct  interval  of  normal  or  subnormal  temperature. 

A  simple  or  a  double  quartan  may  become  a  triple  quartan  in 
the  manner  described  above  for  the  origin  of  a  double  from  a  simple 
fever.  On  the  other  hand,  it  may  start  as  quartana  triplex,  and 
become  a  duplex,  and  finally  a  simplex.  This  may  be  due  to  the 
weakening  of  certain  groups  of  parasites.  Sometimes  a  triplex  may 
directly  become  a  simplex  from  the  linking  together  of  two  other 
groups  of  parasites  at  the  same  time. 

Rarer  Forms  of  Quartan  Fever. 

Quartan  parasites  are  believed  not  to  cause  continuous  fever, 
but  very  rarely  they  may  cause  subcontinuous  or  remittent  fever. 
Such  a  condition  is  due  to  the  presence  in  the  blood  of  parasites  of 
all  ages,  which,  therefore,  are  continually  sporulating  and  disturbing 
the  metabolism,  thereby  producing  the  remittent  type  of  fever. 

Mixed  infections  may  occur  with  either  of  the  other  two  parasites, 
and  an  intermittent  irregular  fever  be  produced,  only  to  be  diagnosed 
by  the  microscope. 

THE  TERTIAN  FEVERS. 

Tertian  malaria  includes  all  the  fevers  caused  by  Plasmodium  vivax. 
These  fevers  may  be  classified  into  : 

1.  Simple  tertian  fever — tertiana  simplex. 

2.  Double  tertian  fever — tertiana  duplex. 

3.  Irregular  subcontinuous  tertian  fevers. 

Tertian  is  the  most  widely  distributed  of  all  the  malarial  fevers, 
and  the  most  common,  for  reasons  already  given  (p.  637)- 

Simple  Tertian  Fever. 

Simple  tertian  fever  is  characterized  by  attacks  recurring  every 
forty-eight  hours,  and  separated  by  an  apyrexial  interval,  which 
is  the  length  of  time  required  by  Plasmodium  vivax  to  pass  from  the 
merozoite  to  the  fully  developed  schizont. 

42 
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The  clinical  description  may  be  divided  into^(i)  the  attack  of 
fever  ;   (2)  the  apyrexial  interval. 

The  Attack  of  Fever.— There  may  be  no  prodromata,  or,  on  the 
other  hand,  these  may  be  most  characteristic.  When  present, 
they  take  the  form  of  pain  in  the  head  and  the  back,  and  especially 
in  the  bones  of  the  limbs— more  particularly  the  joints— which  lead 
to  their  being  considered  to  be  rheumatic,  together  with  a  feeling 
of  lassitude  and  illness.  On  the  day  succeeding  these  sensations 
the  patient  may  feel  quite  well,  but  on  the  next  day  they  may  recur. 
If  treated  in  this  stage,  the  fever  may  never  develop,  but  if  neglected, 
it  will  appear  in  the  course  of  a  few  days. 

After  a  feeUng  of  illness,  giddiness,  nausea,  or  vomiting,  with 
perhaps  a  slight  rise  of  temperature,  the  patient  suddenly  becomes 
very  cold  and  shivers,  and  his  symptoms  resemble  in  detail  those 
already  described  for  quartan  malarial  fever,  except  that  they  may 
not  be  so  severe.  In  about  ten  to  thirty  minutes  the  warm  stage 
begins. 

As  the  chills  diminish,  sensations  of  warmth  appear  ;  at  first 
pleasurable,  they  soon  become  intense,  and  the  patient  feels  burning 
hot.  The  skin  is  hot,  flushed,  and  dry  ;  the  conjunctivae  injected  ;  the 
pulse  full,  quick,  and  often  dicrotic,  and  the  pains  in  the  head,  back, 
and  limbs  increase.  A  slight  cough  may  be  noted ;  vomiting  is 
common,  and  sometimes  diarrhoea  occurs.  Very  often  the  white 
skin  shows  a  sallow  or  slightly  yellowish  tinge,  which  is  also  present 
in  native  races,  but  can  only  be  seen  in  the  conjunctivae.  The 
heart-sounds  are  usually  normal,  but  sometimes  a  soft  systolic 
murmur  can  be  heard.  In  the  lungs,  at  times,  sonorous  and  sibilant 
rales  occur.  The  spleen  is  enlarged  and  tender,  which  is  char- 
acteristic, and  a  soft  murmur  over  the  splenic  area,  like  a  uterine 
souffle,  is  said  to  be  sometimes  heard.  Skin  eruptions  have  been 
described  ;  the  commonest  in  our  experience  is  erythematous  or 
urticarial.     Herpes  may  occur  on  the  lips. 

The  temperature  begins  to  rise  before  the  chiU,  and  continues  to 
ascend  during  the  cold  stage,  reaching  a  maximum  in  the  hot  stage, 
which  may  be  anything  from  102°  F.  to  108°  F.,  but  is  generally 
about  104°  F.  or  105°  F.  The  warm  stage  may  last  four  or  five 
hours,  when  it  passes  into  the  sweating  stage. 

The  mouth  becomes  moist,. and  sweat  gradually  comes  out  aU 
over  the  body,  and  soon  a  most  profuse  perspiration  may  take  place, 
and  the  pulse,  respirations,  and  temperature  may  fall  to  normal  in 
about  four  hours,  and  the  patient,  as  in  quartan  fever,  goes  off  into 
a  sleep.  The  attack  lasts  about  ten  to  twelve  hours,  and  generally 
begins  in  the  morning,  but  may  take  place  at  any  time  of  the 
day. 

Peculiarities. — As  in  quartan,  so  in  tertian  fever,  children  may 
have  neither  chill  nor  sweating  stage,  and  may,  on  the  other  hand, 
show  convulsions. 

Apyrexial  Interval.— This  lasts  about  thirty-six  hours,  during 
which  the  temperature  is  often  subnormal.     In  the  interval  the 
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patient  may  feel  well,  but  his  blood  will  show  developing  para- 
sites, reduced  erythrocytes,  and  a  leucopenia  with  a  mononuclear 
increase. 

Double  Tertian  Fever. 

When  parasites  mature  on  two  separate  days,  fever  is  produced 
every  day,  which  is  therefore  quotidian  in  type,  and  is  called  a  double 
tertian  (tertiana  duplex).  The  attacks  are  similar  to  those  described 
above,  but  usually  are  shorter,  and,  of  course,  the  apyrexial 
interval  is  shorter.  As  a  rule,  the  attacks  begin  at  the  same  hour 
each  day,  but  sometimes  one  attack  is  later  than  the  other.  Very 
often  one  attack  is  not  so  severe  as  the  other,  but  if  left  to  itself 
without  treatment,  it  may  become  similar  to  the  more  severe  attack. 
Double  tertians  may  arise  by  a  simple  tertian  anticipating.  If  this 
is  continued  after  the  double  tertian  is  developed,  or  if  one  of  the 
attacks  of  a  double  tertian  anticipates,  in  course  of  tim'e  it  will  join 
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Fig.  294. — Chart  of  a  Case  of  Double  Tertian  Malarial  Fever  in  the 
General  Hospital,  Colombo. 

in  with  the  originally  previous  attack,  so  that  a  person  who  is  in 
the  sweating  stage  of  one  attack  may  suddenly  start  the  cold  stage 
of  the  other. 

Clinical  Course. — Left  to  itself,  tertian  malaria  tends  to  a  spon- 
taneous cure  after  a  series  of  attacks,  but  relapses  may  occur. 
Groups  of  more  severe  attacks  alternate  irregularly  with  groups  of 
milder  attacks.  Usually,  recurring  attacks  take  place  about  the 
same  time  on  the  succeeding  days. 

The  ansemia  of  tertian  fevers  is  more  easily  overcome  than  that 
of  quartan,  and  great  exhaustion  is  only  seen  in  old  debilitated 
subiccts. 

Two  interesting  points  may  be  noticed— (i)  anticipation  of  the 
attacks;  (2)  retardation  of  the  attacks.  Anticipation  of  the 
attacks  means  shortening  of  the  apyrexial  interval.lso  that  the 
attacks  begin  at  short  intervals.  Retardation  means  prolongation 
of  the  apyrexial  interval,  and  is  generally  due  to  the  action  of 
quinine  but  may  be  due  to  spontaneous  weakening  of  the  parasite. 
^  '  42 — 2 
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Irregular  Subcontinuous  Tertian  Fevers. 

Irregularity  may  be  brought  about  by  parasites  maturing  at 
different  times  on  the  same  day,  and  thus  producing  an  almost 
continuous  fever,  with  exacerbations  and  remissions;  but  tertian 
fever  is  rarely  duplicated — that  is  to  say,  it  rarely  shows  two 
distinct  attacks  in  one  day.  Prolongation  of -the  attack  produces 
a  fever  resembUng  the  subtertian,  while  in  very  chronic  tertians 
just  the  reverse  may  take  place — viz.,  prolongation  of  the  apyretic 
intervals — so  that  fever  appears  at  the  end  of  seven,  eight,  fourteen, 
or  sixteen  days. 

Irregularity  may  also  be  produced  by  mixed  infections  of  Plasmo- 
dium vivax  with  Plasmodium  malarice,  or  with  Laverania  malaricB. 


THE  SUBTERTIAN  FEVERS. 

Subtertian  malarial  fever  derives  its  name  from  the  fact  that 
though  really  a  tertian  fever,  its  attacks  are  very  prolonged.  It 
is  caused  by  Laverania  malaria,  and  though  known  as  long  ago  as 
the  days  of  Celsus,  has  in  modern  times  been  accurately  studied  by 
Baccelli,  Marchiafava,  and  Bignami. 

The  various  fevers  classified  together  under  the  term  '  subtertian 
may  be  divided  into  : 

1.  Simple  subtertian  fever. 

2.  Double  subtertian  fever. 

3.  Irregular  subtertian  fevers. 

4.  Remittent  subtertian  fevers. 

5.  Bilious  remittent  fever. 

6.  Pernicious  subtertian  fevers. 

1.  Simple  Subtertian  Fever. 

This  form  of  subtertian  fever  usually  shows  intermissions  based 
upon  a  tertian  type. 

The  incubation  period  has  been  studied  by  Marchiafava  and  Big- 
nami, who  considered  it  to  be  of  nine  to  ten  days'  duration  when 
acquired  by  natural  mosquito  infection,  and  to  vaiy  from  nine  to 
nineteen  days  when  acquired  by  experimental  mosquito  infection. 
Prodromal  symptoms  resembling  those  of  tertian  fevers  may  exist 
before  an  attack. 

The  cold  stage  may  be  entirely  absent,  but  it  often  occurs, 
and  is  sometimes  severe.  Sometimes  the  attack  begins  with  the 
\yarm  stage,  in  which  the  symptoms  are  very  severe  pains  in  the 
limbs,  back,  and  head,  with  gastro-intestinal  disturbance  in  the  form 
of  vomiting,  diarrhoea,  and  coated  tongue.  The  skin  is  often 
flushed  and  dry  and  sometimes  icteric,  while  the  eyes  are  injected. 
The  sweating  stage  is  never  absent,  and  may  be  marked.  The  spleen 
is  usually  tender^  as  well  as  the  hver.     The  four-hourly  temperature 
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chart  is  most  characteristic,  for  the  invasion  takes  place  with  a  rapid 
rise  to  104°  F.to  105°  F.,  after  which  the  temperature  remains  high, 
oscillating  about  1°  F.  The  oscillation  which  immediately  precedes 
the  crisis  is  larger  than  the  others,  and  is  called  the  pseudo-crisis. 
After  this  the  temperature  rises  to  its  highest  point  (precritical 
elevation),  and  then  suddenly  falls  (crisis)  below  normal,  where  it 
remains,  as  a  rule,  until  the  next  attack.  It  may,  however,  rise 
from  subnormsd  to  normal,  and  just  prior  to  the  next  attack  show 
a  distinct  depression.  This  typical  temperature  may,  however, 
be  greatly  masked  by  an  absence  of  the  sudden  rise  at  the  invasion^ 
or  of  the  precritical  elevation,  or  by  an  exaggeration  of  the  pseudo- 
crisis,  making  the  angle  attack  appear  double. 

Lastly,  the  whole  attack  may  be  shorter  than  usual,  and  resemble, 
as  regards  the  temperature,  a  simple  tertian  fever. 
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Fig.  295. — Chart  of  a  Case  of  Subtertian  Malarial  Fevef, 
The  curve  is  most  typical  on  the  second  day,  before  quinine  was  administered. 

The  duration  of  the  attack  in  subtertian  fever  is  about  twenty-four 
hours  or  more,  while  the  interval  will  be  twenty-four,  ten,  or  even 
eight  hours  in  duration,  varying,  of  course,  with  the  length  of  the 
attack. 

2.  Double  Subtertian  Fever, 

This  is  a  quotidian  fever,  caused  by  two  broods  of  Laverania 
malarice.  The  cold  stage  is  less  marked  than  in  a  quotidian  fever, 
due  to  quartan  or  tertian  parasites.  The  temperature  rises  rapidly, 
the  fastigium  is  very  short,  and  the  fall  is  to  below  normal.  There 
is  nothing  particular  to  remark  about  the  warm  or  sweating  stages, 
which  resemble  those  of  the  simple  subtertian  fever.  The  whole 
attack  only  lasts  six,  eight,  or  twelve  hours. 
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3.  Irregular  Subtertian  Fevers. 

When  several  broods  of  Lavevania  malarim  exist  together  in  the 
blood,  it  is  obvious  that,  instead  of  sporulation  taking  place  regularly 
every  day  or  every  other  day,  it  will  be  irregular,  and  hence  the 
attacks  will  run  into  one  another  and  produce  an  irregular  type  of 
fever,  which  is  commonly  met  with  on  the  West  Coast  of  Africa. 

4.  Remittent  Subtertian  Fevers. 

Remittent  fevers  arise  by  prolongation  of  ordinary  attacks,  or  by 
anticipation  or  subintrance,  so  that  two  attacks  become  continuous, 
the  onset  of  the  second  attack  beginning  before  the  first  one  is  con- 
cluded.    Duplication  may  also  lead  to  a  remittent  fever. 

These  fevers  may  be  mild  or  grave,  and  may  become  pernicious. 
The  symptomatology  is  briefly  as  follows :  After  one  or  two  days 
of  prodromal  lassitude,  pains,  and  sensations  of  chilliness,  etc., 
fever  comes  on  without  any  cold  stage.  The  skin  becomes  hot  and 
dry,  and  often  turns  yellowish,  and  headache,  with  pains  in  the 
different  parts  of  the  body,  are  a  source  of  trouble  to  the  patient. 

The  tongue  is  coated ;  thirst  is  sometimes  intense,  and  may  be 
associated  with  vomiting  and  purging,  together  with  pains  in 
the  region  of  the  liver,  spleen,  and  stomach.  The  toxins  affect  the 
brain,  causing  sleeplessness,  restlessness,  and  delirium.  The  liver 
and  spleen  are  both  enlarged  and  tender,  and  at  times  there  is 
slight  cardiac  dilatation  on  the  right  side.  The  temperature  is 
characterized  by  high  fever  with  remissions. 

The  time  of  the  remission  is  by  no  means  certain.  It  may  take 
place  in  the  morning  and  the  rise  in  the  evening.  Under  treatment 
the  parasites  rapidly  disappear  from  the  peripheral  circulation,  but 
last  longer  in  the  viscera,  so  keeping  up  the  fever.  Mild  attacks  get 
well  under  the  week,  but  without  treatment  they  would  soon  become 
the  more  serious  or  grave  type  of  fever,  which  shows  three  variations 
— the  first  resembling  typhoid  in  its  clinical  features ;  the  second  dis- 
tinguished by  the  bilious  vomiting  and  diarrhoea,  with  marked  en- 
largement of  the  liver  and  jaundice,  which  is  often  called  bilious 
remittent  fever  ;  and  the  third  with  a  tendency  to  haemorrhages, 
local  gangrene,  hemoglobinuria  and  great  weakness,  called  '  ady- 
namic remittent  fever.'  Only  the  bilious  remittent  requires  further 
consideration. 

5.  Bilious  Remittent  Fever. 

This  is  a  type  of  subtertian  remittent  fever  in  which  there  is  great 
blood-destruction,  and  consequently  much  bile-production.  We 
have  seen  it  repeatedly  in  Africa,  and  it  is  said  to  occur  in  all  highly 
malarious  districts. 

The  attack  begins  as  an  ordinary  remittent  fever,  but  is  associated 
with  jaundice,  bilious  vomiting,  and  usually  bilious  diarrhoea, 
though  in  its  place  there  may  be  constipation.     The  patient  also 
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complains  of  pain  and  tenderness  in  the  stomach  and  liver.  After 
a  few  days'  illness  the  symptoms  may  gradually  subside,  or,  with 
or  without  hiccough,  epistaxis  or  haematemesis,  the  temperature  may 
rise  considerably,  and  the  patient,  becoming  comatose,  dies. 

We  have  noted  at  times  a  curious  intermission  in  the  symptoms, 
unfortunately  of  short  duration,  after  which  high  fever  ensues, 
quickly  followed  by  coma  and  death. 

6.  Pernicious  Subtertian  Fevers. 

• 

As  already  explained,  the  subtertian  parasite  may  undergo  its 
life-history  in  the  capillaries  of  some  one  organ  in  particular.  "When 
this  happens,  the  organ  in  question  suffers,  not  merely  from  acute 
poisoning  with  the  malarial  toxins,  but  also  from  lack  of  nutrition 
owing  to  the  blocking  of  the  capillaries  by  swollen  endothelial  cells 
and  by  blood-corpuscles  filled  with  parasites,  leucocytes  filled  with 
pigment,  free  pigment  and  merozoites.  These  two  conditions  pro- 
duce symptoms  indicating  the  organ  affected,  and,  moreover,  pro- 
duce a  high  mortality,  hence  the  term  '  pernicious  fevers.'  In 
addition  to  this  localized  type,  a  large  number  of  parasites  in  the 
general  circulation  may  also  cause  pernicious  symptoms. 

The  pernicious  fevers  are  classified  into  : 

A.  Pernicious  Fevers  without  Local  Symptoms. 

1.  Algide  pernicious  fever. 

2.  Diaphoretic  pernicious  fever. 

3.  Haemorrhagic  pernicious  fever. 

4.  Scarlatiniform  pernicious  fever. 

B.  Pernicious  Fevers  with  Local  Symptoms. 

1.  With  cerebro-spinal  symptoms. 

2.  With  gastro-intestinal  symptoms. 

3.  With  cardiac  symptoms. 

4.  With  pulmonary  symptoms. 

A.  Pernicious  Fevers  without  Local  Symptoms. 

Algide  Pernicious  Fever.— The  patient  is,  as  a  rule,  first  seen  in 
a  condition  of  such  extreme  collapse  as  to  make  the  practitioner 
suspicious  of  cholera.  The  nose  is  sharp,  the  cheeks  sunken,  the 
lips  and  extremities  cyanotic,  the  nails  livid,  the  pulse  small,  soft, 
and  frequent,  becoming  thready  and  imperceptible,  the  skin  cold 
and  clammy,  and  the  respiratfon  laboured.  The  patient  may, 
however,  be  conscious,  and  be  able  to  answer  questions  and  to 
complain  in  a  weak  voice  of  severe  thirst.  This  is  a  very  serious 
and  fatal  form  of  pernicious  malaria,  and  generally  kills  the  victim 
in  a  few  hours.  . 

Diaplioretie  Pernicious  Fever.— In  this  type  the  sweating  of  the 
third  stage  of  an  attack  is  so  exceedingly  copious  that  not  merely 
is  the  bed  saturated,  but  a  pool  may  even  form  on  the  floor.     Such 
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excessive  excretion  of  sweat  is  dangerous,  as  the  patient  becomes 
more  and  more  exhausted  as  it  goes  on,  and  a  most  dangerous 
collapse  may  ensue. 

Hsemorrhagic  Pernicious  Fever. — This  form  of  pernicious  fever 
is  apparently  rare.  It  is  characterized  by  haemorrhages  from  the 
skin  and  mucosa  of  the  nose,  bronchi,  intestines,  stomach,  and 
generative  organs  during  the  attack,  but  not  during  the  inter- 
mission. 

This  condition  rapidly  produces  acute  grave  anaemia,  with 
thready  pulse,  coma,  delirium,  convulsions,  and  death. 

Scarlatiniform  Pernicious  Fever. — Scarlatiniform  pernicious  fever 
is  characterized  by  a  diffuse  scarlatiniform  rash  all  over  the  body, 
with  desquamation  of  the  horny  layer  and  erythema  of  the  fauces, 
and  may  lead  to  a  typhoidal  state  in  which  the  patient  dies. 

B.  Pernicious  Fevers  with  Local  Symptoms. 

With  Cerebro-spinal  Symptoms. — Briefly,  it  may  be  stated  that 
no  diagnosis  of  hemiplegia  or  of  any  brain  or  spinal  disease  without 
such  obvious  cause  as  traumatism  should  be  diagnosed  in  malarious 
districts  without  first  examining  the  blood  to  see  whether  the  sub- 
tertian  parasite  is  present. 

It  would  appear  that  almost  any  group  of  peculiar  nervous  symp- 
toms, including  even  chorea,  in  a  patient  infected  with  malaria, 
may  be  the  direct  result  of  the  parasites,  and  may  therefore  be 
amenable  to  treatment  by  quinine. 

With  this  understanding,  it  is  possible  to  mention  a  few  of  the 
many  forms  in  which  this  protean  malady  may  present  itself,  which 
may  be  classified  as  : 

1.  Comatose  pernicious  fever. 

2.  Delirious  pernicious  fever. 

3.  Tetanic  pernicious  fever. 

4.  Eclamptic  pernicious  fever. 

5.  Meningitic  pernicious  fever. 

6.  Hemiplegic  pernicious  fever. 

7.  Aphasic  pernicious  fever. 

8.  Amaurotic  pernicious  fever, 
g.  Bulbar  pernicious  fever. 

10.  Cerebellar  pernicious  fever. 

11.  Ataxic  pernicious  fever. 

Comatose  Pernicious  Fever. — ^This  may  begin  suddenly  or  slowly. 
If  the  latter,  there  may  be  weakness,  sleepiness,  headache,  disturb- 
ance of  vision,  stupor,  or  delirium,  which  ends  in  coma.  But  more 
often  the  patient  is  brought  to  the  hospital  quite  comatose.  He 
lies  flat  upon  his  back,  with  usually  no  paralysis  and  no  alteration 
in  the  reflexes.  The  pupils  may  be  contracted  and  give  the  idea  of 
opium-poisoning,  while  the  patient  cannot  be  roused  to  answer 
questions,  but  will  only  frown  or  groan. 

Haemorrhages  may  be  found  on  the  skin  and  in  the  retina.     The 
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urine,  which  may  have  casts  and  a  little  albumin,  is  usually  passed 
involuntarily,  as  are  the  motions.  The  heart  is  dilated,  and  the 
pulse,  at  first  slow,  soon  becomes  quick,  and  towards  the  fatal  ter- 
mination very  quick  and  thready.  Respiration  may  be  quiet  or 
noisy.  If  death  is  to  take  place,  the  patient  becomes  colder  and 
colder,  the  tongue  dry  and  thick,  and  respiration  ceases. 

If  he  is  about  to  recover,  the  coma  will  gradually  pass  away  ;  he 
will  be  able  to  answer  questions  when  roused,  and  after  a  time 
gradually  recovers  consciousness.  The  speech  is  most  peculiar, 
being  scanning  in  character. 

The  coma  may  be  present  one  day,  but  the  next  day  the  patient 
may  be  slightly  better,  with  a  subnormal  temperature  and  a  slower, 
fuller  pulse  ;  towards  evening,  however,  the  temperature  rises,  and 
the  coma  returns.  This  second  attack  is,  as  a  rule,  fatal.  The 
fever  may  be  remittent  or  intermittent.  In  the  latter  case  it 
returns  before  death.  Quinine  treatment  by  injection  and  other- 
wise appears  to  be  of  no  avail  at  times,  and  after  two  or  three  days 
of  coma,  even  when  the  parasites  have  disappeared  from  the  peri- 
pheral blood,  the  person  may  die. 

Delirious  Pernicious  Fever. — In  this  form,  delirium  is  the  most 
marked  feature,  and  in  a  short  time  is  followed  by  exhaustion, 
coma,  and  death.  Such  cases  are  apt  to  come  on  suddenly,  and  to 
be  mistaken  for  drunkenness  or  sunstroke.  The  fever  is  usually 
very  high.  Recovery  is  supposed  to  occur,  but  we  have  never 
seen  these  cases  end  otherwise  than  fatally. 

Tetanic  Pernicious  Fever. — Patients  delirious  from  malaria  may 
show  trismus,  contraction  of  the  limbs,  opisthotonus  retraction  of 
the  abdomen,  and  conjugate  deviation  of  the  eyes.  The  contractions 
of  the  muscle  may  relax  and  increase  as  in  tetanus,  and  there  may 
be  priapism.  The  attack  may  resolve,  or  end  in  death  with  high 
temperature. 

Eclamptic  Pernicious  Fever. — Children  during  an  attack  of  fever 
may  develop  convulsions,  followed  by  stupor,  or  even  coma  and 
death. 

Meningitic  Pernicious  Fever. — Fever  with  signs  of  meningitis  may 
be  found  in  young  persons  and  children.  The  symptoms  are  vomit- 
ing, slow  pulse,  headache,  retraction  of  the  head,  and  rigidity  of  the 
neck,  convulsions,  hypersesthesia,  and  irregularity  of  pulse,  going 
on  to  coma  and  death. 

Hemiplegic  Pernicious  Fever. — The  patient  may  be  suddenly  taken 
ill  with  fever,  and  develop  a  typical  hemiplegic  attack. 

Aphasic  PerniciousWever. — In  this  type  motor  aphasia  develops 
with  or  without  other  paralyses. 

Amaurotic  Pernicious  Fever.— During  an  attack  of  pernicious 
fever  a  patient  may  complain  that  he  is  unable  to'*see.  When 
treated  with  quinine,  as  a  rule  sight  soon  returns,  but  more  rarely 
blindness  may  result,  due  to  thrombosis  of  the  retinal  vessels,  and 
consequently  retinal  hemorrhages  and  optic  neuritis.  One  eye 
only  may  be  attacked.     This  condition  must   be  differentiated 
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from  quinine  amaurosis.  In  malarial  amaurosis  the  pupils  react 
to  light,  and  vision  is,  as  a  rule,  not  completely  lost.  In  quinine 
amaurosis  the  pupils  are  widely  dilated,  and  do  not  react  to  light, 
while  other  symptoms  of  cinchonism,  such  as  deafness,  severe 
tinnitus  aurium,  etc.,  will  be  present. 

Bulbar  Pernicious  Fever. — A  fever  with  bulbar  symptoms — that  is 
to  say,  difficulty  of  speech  and  deglutition,  with  facial  paralysis, 
or  with  the  weakening  of  the  muscles,  as  shown  by  disturbances  of 
equilibrium  in  a  malarial  district— may  be  a  pernicious  fever,  and 
can  only  be  diagnosed  by  a  blood  examination. 

Cerebellar  Pernicious  Fever.  —  The  patient  presents  cerebellar 
ataxia  and  vomiting,  and  complains  of  severe  headache. 

Ataxic  Pernicious  Fever. — This  probably  belongs  to  the  same  class 
as  the  bulbar,  for  the  symptoms — slow  and  scanning  speech,  great 
muscular  weakness,  exaggeration  of  tendon  reflexes,  ataxia,  together 
with  vomiting — all  indicate  a  bulbar  lesion.  Subtertian  parasites 
are  found  in  the  blood.  At  first  there  is  no  fever,  but  this  may 
develop  later.  Such  patients  generally  recover  on  quinine  treat- 
ment, or,  indeed,  they  do  so  spontaneously. 

Pernicious  Fevers  with  Gastro-intestinal  Symptoms. — ^The  gastro- 
intestinal symptoms  may  be  classified  into : 

1.  Choleraic  pernicious  fever. 

2.  Dysenteric  pernicious  fever. 

3.  Hsemorrhagic  pancreatitis. 

Choleraic  Pernicious  Fever. — ^This  is  merely  a  great  exacerbation 
of  the  ordinary  gastro-intestinal  symptoms  commonly  met  with  in 
malarial  fever.  There  is  vomiting,  abdominal  pain,  and  severe 
diarrhoea.  A  microscopical  examination  of  the  dejecta  may  show 
a  few  leucocytes  in  stages  of  degeneration.  An  examination  of  the 
blood  will  show  the  parasites. 

During  the  attack  the  patient  is  pale  or  cyanotic,  the  eyes  sunken, 
the  skin  cold  and  clammy,  but  the  temperature  may  be  raised,  and 
hiccough,  severe  thirst,  and  painful  cramps  in  the  lower  Umbs  may 
also  be  present.  The  urine  is  scanty  or  suppressed.  Collapse, 
delirium,  or  coma,  may  precede  death,  or  the  patient  may  be  sensible 
to  the  end.  If  the  patient  is  to  recover,  the  algidity  diminishes, 
the  diarrhoea  ceases,  and  after  a  long  sleep  he  awakens  refreshed, 
and  convalescence  sets  in. 

Dysenteric  Pernicious  Fever. — In  this  type  there  are  motions 
which  contain  blood  and  mucus  tinged  with  bile.  The  fever  is 
high,  and  there  is  great  distress  and  prostration,  with  small  rapid 
pulse.     Under  quinine  treatment  the  patient  may  rapidly  recover. 

H cemorrhagic  Pancreatitis. — Hsemorrhagic  pancreatitis,  which  is 
by  no  means  unknown  in  Ceylon,  has  been  found  post-mortem  to  be 
caused  by  malarial  parasites,  but,  as  far  as  we  know,  no  diagnosis 
of  the  condition  has  been  made  during  life.  The  symptoms  are 
those  usually  described  for  hsemorrhagic  pancreatitis  from  other 
causes. 
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Pernicious  Fevers  with  Cardiac  Symptoms.— The  right  heart  has 
been  noticed  to  be  enlarged  in  attacks  of  malarial  fever,  and  some- 
times these  symptoms  become  marked,  with  severe  pain  in  the 
cardiac  region,  accompanied  with  vomiting  of  blood,  while  the 
patient  passes  into  an  algide  condition  and  dies. 

Pernicious  Fevers  witli  Pulmonary  Symptoms.— These  may  be  : 
(i)  Pneumonic;  (2)  pleuritic. 

Pneumonic. — ^This  is  generally  of  the  nature  of  a  broncho-pneu- 
monia, and  is  accompanied  with  blood  expectoration  in  the  red 
corpuscles  of  which  parasites  may  be  seen,  dyspnoea,  and  cough. 
The  symptoms  are  better  in  the  remission  of  the  fever,  and  worse 
during  the  attack.  The  blood  is  full  of  parasites.  In  many  cases 
broncho-pneumonia  in  malarial  patients  is  not  due  directly  to  the 
malarial  parasites,  but  is  a  complication  due  to  the  pneumococcus. 

Pleuritic. — Intermittent  pleuritic  pernicious  fever  has  been  de- 
scribed, with  sharp  pricking  pain,  dry  cough,  and  friction  sounds, 
which  improve  in  the  remission,  and  become  worse  again  in  the 
attack. 

Appendicular  and  Peritoneal  Symptoms. — Appendicular  and  peritoneal 
malarial  attacks  have  been  described  by  some  authors. 

Orchitic  Symptoms. — Cases  of  acute  orchitis  due  to  malarial  parasites  have 
teen  described  by  various  observers. 

Dry  Gangrene. — Dry  gangrene  of  the  feet  and  legs  has  been  described  by 
Tomaselli  and  others  as  being  due  to  endarteritis  of  malarial  origin. 

CHRONIC  MALARIA. 

Chronic  malaria  may  result  from  infection  by  any  of  the  three 
malarial  parasites,  but  is  usually  caused  by  Laverania  malarice,  the 
subtertian  parasite. 

The  symptoms  of  chronic  malaria  are  repeated  attacks  of  shght 
fever,  which  may  pass  unnoticed  ;  enlargement  of  spleen  and  liver  ; 
and  pigmentation  of  the  skin  and  mucosa.  This  pigmentation  is 
particularly  to  be  noted  in  the  tongue  in  dark  races,  while  in  white 
races  Gerhardt's  urobihn  icterus  may  be  seen  in  the  skin.  Other 
symptoms  are  cedema  about  the  feet,  associated  with  anamia, 
which  may  be  marked;  the  presence  of  malarial  parasites  m  the 
peripheral  blood  during  an  attack  of  fever  ;  and  often  palpitation 
and  dizziness,  bronchitis  and  digestive  troubles,  and  a  general 
disinclination  for  exertion  and  work.  The  urine  shows  an  mcrease 
of  urea  and  urobihn.  If  this  state  of  affairs  is  allowed  to  contmue, 
it  may  pass  into  malarial  cachexia,  with  enormous  enlargement  of 
the  spleen,  which  is  firm  to  the  touch  and  not  tender  or  pamful 
associated  with  a  profound  secondary  anaemia,  and  great  reduction  of 
red  cells  and  haemoglobin,  with  increase  of  mononuclear  leucocytes 

In  malarial  cachexia  the  apyrexial  intervals  are  long,  durmg  which 
search  may  in  vain  be  made  for  the  parasite  in  the  peripheral  blood, 
but  it  is  usually  found  during  the  febrile  attacks,  which  may  be. 
Quite  mild.  This  is  a  condition,  however,  in  which  blood  examina- 
tion does  not  help  the  diagnosis  as  it  does  in  other  forms  of  malaria. 
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and  the  clinical  symptoms  require  to  be  studied,  for  the  disease 
resembles  kala-azar,  while  it  may  also  be  mistaken  for  agchylosto- 
miasis. 

Chronic  malaria,  of  course,  is  due  to  insufficient  treatment  of  the 
acute  disease  by  quinine. 

Malarial  Relapses.— The  cure  of  an  attack  of  malaria,  unfortu- 
nately, does  not  end  the  disease,  for  relapses  are  the  rule  and  not  the 
exception  ;  in  fact,  using  an  expression  of  Mannaberg's,  '  Malaria  is 
one  of  those  infectious  diseases  in  which  a  relapse  may  be  considered 
as  an  essential  feature.'  The  reason  is  that  the  parasites  are  not  all 
killed  off  by  the  quinine.  There  are  two  different  types  of  relapses  : 
the  first,  after  a  short  interval,  may  be  called  the  true  relapse; 
the  second,  after  a  longer  interval,  may  be  called  the  recurrence. 
Relapses  and  recurrences  are  probably  caused  by  parasites  belonging 
to  the  cycle  of  schizogony,  and  by  the  parthenogenesis  of  the 
macrogametocyte,  which  belongs  to  the  cycle  of  sporogony. 

Relapses  of  quartan  fevers  take  place  at  irregular  intervals,  and 
the  suggestion  that  they  are  most  usual  at  about  the  twentieth 
day  is  not  correct.  Tertian  fevers  relapse  most  commonly  from 
the  fifth  to  the  eighteenth  day,  and  subtertian  about  the  end  of  a 
week  after  the  original  attack,  but  these  times  are  extremely  vari- 
able. These  relapses  are  historically  interesting,  as  they  probably 
represent  the  quintans,  sextans,  septans,  octans,  nonans,  etc.,  of 
ancient  authors. 

Recurrences  take  place  after  long  intervals  without  fever  and 
without  reinfection.  Exactly  how  long  the  parasites  can  lie  dormant 
in  the  human  body  and  then  wake  to  activity  and  cause  fever  is 
not  known.  Intervals  of  two  and  three  years  are  readily  credited 
nowadays,  but  it  is  in  our  experience  certain  that  the  length  of  time 
may  be  much  longer. 

Parasites  can  certainly  be  found  in  the  blood  of  persons  long 
after  they  have  left  the  tropics  ;  thus,  Ross  mentions  that  they 
were  found  in  a  case  in  Liverpool  four  years  after  absence  from  any 
malarious  locality,  and  also  states  that  his  own  father  suffered  from 
attacks  once  or  twice  a  year,  even  after  nine  years'  residence  in 
England. 

It  is  probable,  then,  that  the  old  idea  that  the  malarial  parasite 
can  exist  or  lie  dormant  for  years  in  the  system,  and  awake  to  re- 
newed activity  when  given  a  suitable  opportunity,  is  true.  During 
the  apyrexial  intervals  it  must,  of  course,  be  going  through  the  cycle 
of  schizogony,  but  not  in  sufficient  numbers  to  cause  disease.  These 
parasites  will  increase  rapidly  and  cause  fever  when  the  general 
vitality  of  the  body  is  lowered  by  any  of  the  predisposing  causes, 
already  mentioned,  coming  into  action. 

Malarial  Reinfections. — In  tropical  countries  where  there  are 
plenty  of  Anophelines  and  plenty  of  people,  European  and  native, 
adults  and  children,  with  numerous  gametocytes  in  their  blood, 
reinfections  are  found  to  be  common.  Many  cases  of  apparent 
recurrence  in  these  countries  must  be  reinfections,  which,  of  course, 
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may  be  with  the  same  or  a  different  species  of  parasite  from  that 
causing  the  first  fever.  Repeated  infections  are  the  great  cause  of 
the  quotidian  and  irregular  fevers  of  the  tropics. 

Latent  Malaria.— This  term  is  employed  to  denote  cases  in  which 
without  any  sign  of  illness,  malarial  parasites  can  be  found  in  the 
blood  in  small  numbers.  Craig  states  that  out  of  1,267  cases  in 
which  malarial  parasites  were  demonstrated  in  the  blood,  21  per 
cent,  were  latent,  and  the  majority  of  these  were  found  to  be  caused 
by  the  subtertian  parasite. 

Masked  Malaria.' — Malaria  is  capable  of  being  masked  or  con- 
cealed by  some  concurrent  disease — e.g.,  dysentery  or  phthisis. 
Another  form  of  masked  malaria  is  when  the  symptoms  indicate 
some  other  illness,  while  a  blood  examination  shows  that  the  real 
cause  of  the  dise&se  is  malaria.  Thus,  after  an  accident,  the  symp- 
toms may  point  to  cerebral  abscess,  but,  on  examination  of  the 
blood  and  the  discovery  of  the  parasites,  followed  by  treatment 
with  quinine,  the  urgent  symptoms  disappear.  Masked  malaria 
is  generally  caused  by  the  subtertian  parasite.  The  more  important 
forms  of  masked  malaria  are  neuralgias,  particularly  of  the  tri- 
geminal, and  especially  of  its  frontal  branch,  paralyses  and  chronic 
diarrhoea,  and  also,  according  to  Craig,  pneumonia.  These  con- 
ditions emphasize  the  importance  of  systematic  blood  examination 
in  all  cases  of  disease  of  the  tropics.  Under  the  heading  '  Masked 
Malaria  '  must  come  cases  of  '  Malarial  Pseudo-Addison's  Disease,' 
in  which  patients  who  have  been  suffering  for  years  from  malarial 
infections,  with  or  without  severe  attacks  of  fever,  develop  diffuse 
or  patchy  pigmentations,  with  severe  asthenia,  wasting,  and 
diarrhoea,  with  or  without  blood  in  the  motions.  The  spleen  is 
not  enlarged,  and  parasites  are  seldom  found  in  the  peripheral 
blood,  though  at  times  leucocytes  containing  hjemozoin  may 
occur. 

These  conditions  are  due  to  the  localization  of  the  parasites  in 
the  supra-renal  capsules. 

Congenital  Malaria. — The  question  of  congenital  malaria  has 
been  much  debated,  but  Dumolard  and  Viallet  have  recorded  a 
case  in  which  a  woman  suffering  from  malaria  gave  birth  to  a  child, 
in  which  blood  from  the  umbilical  cord  during  life  and  from  the 
heart  after  death  contained  malarial  parasites  identical  with  those 
in  the  maternal  blood  and  placenta. 

Complications.— Many  other  diseases  may  occur  m  the  human 
body  at  the  same  time  as  an  attack  of  malaria,  but  of  all,  the  most 
important  are  typhoid,  dysentery,  pneumonia,  and  nephritis. 

Typhoid,  as  a  compUcation,  is,  of  course,  due  to  the  Bacillus 
typhosus  occurring  in  a  person  who  is  also  infected  by  a  malarial 
parasite,  and  in  that  sense,  therefore,  the  old  term  '  typho-malaria  ' 

is  correct. 

Dysentery  may  be  a  complication  due  to  the  Entamoeba  histolytica 
or  to  the  dysenteric  bacilli,  but  it  may  also  be  directly  caused  by 
the  malarial  parasite  alone. 


6/0  MALARIA 

As  to  whether  there  is  or  is  not  a  malarial  pneumonia  is  a  vexed 
question  ;  personally,  we  are  of  the  opinion  that  a  severe  subtertian 
fever  may  produce  symptoms  resembling  a  pneumonia^,  but  that  true 
lobar  pneumonia,  when  present  in  a  malarial  subject,  is  due  to  the 
pneumococcus,  and  is  therefore  a  complication. 

Nephritis  may  be  found  in  tertian  and  subtertian  fevers,  being 
directly  due  to  the  irritation  of  the  kidney  by  the  malarial 
toxins. 

Sequelae. — The  possible  sequelje  of  malaria  are  very  numerous, 
and  may  be  classified  into  those  belonging  to  the  nervous  system 
and  sense  organs,  the  blood,  the  liver,  and  the  spleen. 

The  subtertian  parasite  may  leave  severe  traces  of  its  action  upon 
the  brain  after  pernicious  attacks,  and,  indeed,  the  mind  may  never 
regain  its  old  condition.  Apart  from  the  milder  alterations  of 
disposition  and  character,  actual  insanity  in  the  form  of  mania  or 
melancholia  may  result. 

Neuritis  in  some  form  is  sometimes  of  malarial  origin,  but  it  is 
quite  possible  that  alcoholic  and  arsenical  poisoning,  and,  indeed, 
•beri-beri,  may  have  been  confused  with  it.  Neuralgias  have  already 
been  mentioned,  and  are  probably  in  some  cases  due  to  the  direct 
influence  of  the  malarial  toxins.  Tinnitus  aurium,  vertigo,  deafness, 
anosmia,  and  loss  of  taste,  are  said  in  some  cases  to  be  malarial  in 
origin. 

Severe  and  long-continued  anaemia  may  result  as  a  consequence  of 
malaria  caused  by  the  subtertian,  and  much  more  rarely  by  the  other 
parasites.  The  classification  and  characters  of  these  anaemias  have 
already  been  given  in  the  section  on  Pathology,  to  which  reference 
should  be  made  (p.  649). 

Cirrhosis  of  the  liver  of  malarial  origin  is,  in  our  experience,  much 
less  frequent  than  admitted  by  many  writers.  Cirrhosis  of  the  liver 
is  common  in  the  tropics,  and  in  certain  cases  is  due  to  alcohol ;  but 
one  of  the  writers  has  pointed  out 'that,  at  all  events  in  Ceylon,  a 
polyfibrosis  of  liver,  pancreas,  and  kidney,  can  be  met  with  which  has 
no  malarial  origin. 

The  enlargement  of  the  spleen  has  already  been  described,  and 
rupture  as  the  result  of  blows  or  injuries  is  by  no  means  unknown, 
though  not  common,  and  requires  prompt  surgical  attention.  We 
have  only  come  across  one  case  in  our  experience. 

Diagnosis. — A  positive  diagnosis  may  be  made  if — (i)  the  fever 
shows  the  typical  quartan  and  tertian  periodicity,  but  a  quotidian 
periodicity  has  no  diagnostic  value,  as  it  may  be  found  in  many  other 
fevers  ;  (2)  parasites  are  found  in  the  peripheral  blood  ;  (3)  haemozoin 
is  recognized  in  the  mononuclear  leucocytes.  Malaria  cannot, 
however,  be  eliminated  from  the  diagnosis  when  all  three  are 
absent.  Splenic  puncture,  and  the  subsequent  examination  of  the 
blood  obtained  in  this  way,  would  help  considerably,  but  is  not 
devoid  of  risk.  A  marked  mononuclear  increase  may  arouse  sus- 
picions, but  by  itself  is  quite  useless. 

It  is  generally  stated  that  a  fever  which  within  four  days  is  not 


PROGNOSIS  671 

influenced  by  quinine  in  full  doses  is  not  malaria.  This  is  correct 
as  regards  malarial  fevers  due  to  tertian  an4  quartan  parasites, 
but  not  always  as  regards  those  caused  by  the  subtertian  para- 
site. We  have  met  with  cases  in  which  the  fever  has  remained 
unaffected  while  the  parasite  can  be  found  in  the  peripheral 
blood,  notwithstanding  several  weeks'  quinine-therapy  by  various 
methods. 

In  malarial  cachexia  James  has  pointed  out  that  the  microscopical 
is  inferior  to  the  clinical  examination,  drawing  attention  to  the  fact 
that  a  four-hourly  temperature-chart  carefully  kept  during  one  of 
the  febrile  attacks  will  often  show  the  typical  curve  of  subtertian 
fever.  In  such  difficult  cases  the  clinical  signs,  together  with  the 
reaction  of  the  disease  to  quinine,  must  be  utilized. 

In  latent  malaria  the  frequent  increase  of  the  urobilin  in  the 
urine  may  be  of  some  slight  help  in  the  diagnosis,  as  pointed  out 
by  Plehn,  together  with  indefinite  periodical  rheumatoid  pains. 

The  differential  diagnosis  of  the  various  forms  of  malarial  fever 
should  be  confirmed,  no  matter  how  evident  the  clinical  symptoms 
may  be,  by  microscopical  examination. 

The  most  important  diseases  to  differentiate  from  malaria  are 
typhoid,  insolation,  liver  abscess,  kala-azar,  malta  fever,  influenza, 
yellow  fever,  dengue,  and  seven-days  fever.  For  the  differential 
diagnosis  see  the  chapters  on  these  fevers. 

The  pernicious  forms  of  malaria,  in  whatever  way  they  attack  the 
patient,  will  in  most  cases  be  readily  diagnosed  by  blood  examina- 
tion, as  will  also  the  masked  form  of  the  disease. 

Prognosis. — The  principal  factors  upon  which  a  prognosis  can 
be  made  are  climate,  race,  age,  sex,  species  of  the  parasite,  type  of 
the  fever,  presence  or  absence  of  complications,  duration  of  the 
symptoms,  and  idiosyncrasy  against  quinine. 

With  regard  to  climate,  the  prognosis  will  be  worse  for  warm 
chmates,  and  in  low-lying  places  with  high  air-temperatures. 

As  regards  race,  the  resident  of  the  Temperate  Zone  not  havmg 
acquired  the  disease  in  childhood,  on  becoming  infected  in  the 
tropics  has  not  so  good  a  prognosis  as  a  member  of  a  native  race. 
Elderly  and  feeble  persons  or  young  children  have  also  a  worse 
outlook,     and    pregnancy     may    compUcate    the     disease,     with 

abortion.  ,  ^, 

Tertian  and  quartan  parasites  afford  a  better  prognosis  than 
subtertian,   in  which   case   the    patient    is   decidedly  in   greater 

^Smple  quartans  and  tertians  give  the  best  prognosis  ;  quotidian 
fevers  are  more  serious,  subtertian  fevers  still  worse,  and  pernicious 

symptoms  most  grave.  ■  n    j.     u  -j 

Comphcations  increase  the  gravity  of  the  case,  especially  typhoid 
and  gastro-intestinal  disturbances. 

The  prognosis  is  bad  if  the  symptoms  have  gone  on  for  some  time 
without  treatment  or  without  apparent  improvement,  notwithstand- 
ing quinine-therapy. 
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If  a  person  is  definitely  unable  to  stand  the  usual  doses  of  quinine, 
he  should  not  be  aUowed  to  live  in  the  tropics,  as  the  prognosis  in 
a  case  of  subtertian  malaria  must  be  very  serious. 

The  mortality  among  natives  is  usually  low,  but  among  Euro- 
peans on  the  West  Coast  of  Africa  it  is  high. 

With  regard  to  statistics,  there  are  gre'at  errors  in  the  diagnosis, 
kala-azar,  agchylostomiasis,  and  typhoid  being  frequently  grouped 
together  under  the  heading  '  Malaria.' 

There  can,  however,  be  no  doubt  that  malaria  causes  the  greatest 
amount  of  sickness  in  all  tropical  countries,  and  may  in  certain 
localities  be  largely  responsible  for  the  death-rate,  while  in  others 
it  may  not  contribute  nearly  so  largely. 

Treatment. — The  aim  of  the  treatment  of  malaria  is  to  kill  the 
parasites,  and  so  prevent  further  mischief,  and  to  aid  the  excretion 
of  the  toxins  and  relieve  the  symptoms  of  the  patient. 

Fortunately,  since  the  days  of  the  Countess  del  Chinchon,  the 
world  has  known  the  value  of  cinchona  bark  in  malaria,  and  later  it 
learnt  that  this  important  action  was  due  to  an  alkaloid,  quinine, 
which  exists  in  the  bark  in  the  form  of  a  hydrate.  In  1867  Binz 
showed  that  quinine  killed  infusoria,  and  he  believed  that  this  action 
was  due  to  its  checking  oxidation. 

Quinine  is  usually  sold  in  the  form  of  the  sulphate,  [(C20H24N 202)2- 
HgSOJa.isHaO,  which  is  only  soluble  i  in  800  of  cold  water,  but  is 
readily  soluble  in  water  acidulated  with  a  mineral  acid.  The 
solution  gives  a  bluish  fluorescence. 

It  must  be  remembered,  however,  that  it  may  not  be  pure,  and 
may  contain  lime,  chalk,  magnesia,  starch,  etc.  It  is  also  im- 
portant to  remember  that  it  is  incompatible  with  alkali,  alkaline 
carbonates,  and  astringent  infusions. 

Quinine  sulphate  is  by  no  means  the  best  preparation,  for  the 
hydrochloride,  (CgoHaiNgOgj.HCl.aHgO,  is  soluble  i  in  40  of  water  ; 
but  better  than  this  are  the  acid  salts  of  the  sulphate,  called  the 
'  bisulphate,'  (C2oH24N202)H2S04.7H20,  which  is  soluble  i  in  11 
parts  of  water,  and  of  the  hydrochloride,  called  the  '  bihydro- 
chloride, '  (C2qH24N202)2HC1,  which  is  soluble  i  in  i  of  water. 
Numerous  other  preparations  are  on  the  market,  of  which  quinine 
bihydrobromide  is  recommended  in  persons  who  suffer  from  deaf- 
ness, and  quinine  valerianate  in  those  who  are  very  nervous  ;  while 
quinine  tannate,  which  is  not  nearly  so  bitter  as  the  other  com- 
pounds, especially  when  made  up  with  chocolate,  has  been  used  by 
Celli  in  quinine  prophylaxis  for  children  and  in  cases  of  haemo- 
globinuria. 

Euquinine,  which  is  quinine  ethylcarbonate,  C2H5O  -  CO  - 
OC2(,H23N20,  is  also  not  so  bitter  as  the  ordinary  preparations, 
and  is  therefore  suitable  for  administration  to  ladies  and  children, 
but  it  has  the  disadvantage  of  being  expensive  and  very  insoluble 
in  water,  and  must  be  given  in  cachets  or  dissolved  in  acidulated 
water.  It  has  not  such  deleterious  effects  on  the  stomach  and 
nervous  system. 
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,„^^+°^^'^''  remedy  which  contains  quinine  sulphate,  and  which  was  much 
hf  .^,  ^^^^y^  5°=^^  by  IS  Warburg's  tincture,  which  is  said  to  be  prepared 
by  macerating  for  seven  days  the  following  ingredients— 

Aloes  socotrinse        ,  .  o!,n'' 

Rhei  ■■  ••240 


80 
80 
40 
40 
40 
40 
20 
20 
20 
20 
20' 

24 

4 


Fructi  archangelicse  officinalis 

Radicis  inulae  helenii 

Croci 

Fructi  foenicali 

Gretas  preparatae 

Radicis  gentianae 

Radicis  curcumae  zedoariae 

Cubebse 

Myrrhae 

Polypori  officinalis  .  . 

Opii 

Piperis  nigrae 

Cinnamonis 

Zingiberis 

in  a  pint  of  60  per  cent,  alcohol  for  a  week  ;  then  pressing,  filtering,  and  dis- 
solving in  the  filtrate — 

Grains. 

Quminae  sulphatis    . .  . .  . .      175 

Camphoris  . .  . .  . .        20 

and  after  three  days'  filtering,  making  up  to  the  pint  with  alcohol.     The  dose 

of  this  mixture  is  i  to  4  drachms. 

Other  preparations  can  hardly  be  said  to  have  any  particular 
interest. 

In  order,  however,  to  bring  these  various  preparations  into  line 
with  one  another,  it  is  necessary  to  have  some  arbitrary  standard, 
and  this  is  generally  taken  as  quinine  sulphate,  which  is  reckoned 
as  equal  to  i.  The  hydrochloride  will  then  be  O'Q,  the  bisulphate 
I  '24,  the  bihydrochloride  i  02,  the  bihydrobromide  i  -23,  the  valerian- 
ate I '01,  the  tannate  3'67,  euquinine  I'o,  and  Warburg's  tincture 
1-09. 

Effects  on  Man. — When  taken  by  the  mouth,  quinine  should  be 
dissolved  in  the  acid  gastric  juice,  converted  into  the  bihydro- 
chloride, and  absorbed  completely  into  the  blood  from  the  stomach, 
especially  if  food  is  taken  at  the  same  time.  If  this  does  not  happen, 
then  such  a  salt  as  the  sulphate  may  not  be  absorbed  at  all,  as  it 
will  be  precipitated  in  the  alkaline  intestinal  contents.  When  given 
in  large  or  frequent  doses,  it  is  apt  to  irritate  the  stomach.  As  to 
what  happens  to  it  in  the  blood,  there  are  two  distinct  views — one 
pointing  to  rapid  elimination,  and  the  other  to  the  fact  that  it 
undergoes  changes  in  the  tissues.  It  would  appear  to  be  retained 
longer  in  the  body  if  absorbed  together  with  food. 

It  can  also  be  administered  by  intramuscular  injections,  when 
it  is  said  to  be  largely  precipitated  at  the  site  of  the  injection.  We 
have  no  knowledge  personally  of  this  precipitation,  and  our  ex- 
perience is  that  intramuscular  injections  have  been  most  satis- 
factory, though  it  must  be  admitted  that  there  are  observers  who 
think  that  administration  per  os  is  more  valuable  than  that    by 
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intramuscular  injections.     It  may  also  be  given  intravenously,  as 
will  be  explained  later. 

Quinine  in  small  doses  is  a  vascular  tonic,  but  in  large  doses  it 
is  a  cardiac  depressant,  producing  a  fall  in  the  arterial  pressure, 
with  decrease  in  the  pulse-rate  and  strength.  This  is  an  important 
matter,  to  be  remembered  in  administering  the  drug  to  the  old  and 
the  feeble,  especially  by  intravenous  or  intramuscular  injections. 
On  the  nervous  system  it  acts  as  a  stimulant,  and  also  increases 
the  flow  of  blood  to  the  brain.  In  the  tissues  it  is  partly  destroyed 
by  oxidation,  and  therefore  the  whole  quantity  administered  is 
hardly  likely  to  be  obtained  in  the  urine.  Excretion  takes  place 
by  the  kidney  almost  entirely  in  the  form  of  quinine  dihydroxyl. 
It  can  be  recovered  from  urine  by  acidulating  with  sulphuric  acid, 
treating  with  solid  picric  acid,  filtering  until  clear,  digesting  with 
3  per  cent,  caustic  soda  solution,  and  extracting  with  chloroform, 
from  which  the  quinine  can  be  obtained  by  evaporation. 

When  given  in  large  doses,  the  cerebral  congestion  which  it 
produces  causes  buzzing  in  the  ears,  deafness,  due  to  congestion  of 
the  middle  ear,  and  headache,  both  of  which  can  be  treated  by 
bromides,  with  or  without  a  little  ergot.  It  may  also  cause  erythe- 
matous, erythemato-papular,  vesicular,  and  urticarial  eruptions. 

In  persons  who  have  suffered  from  malaria  there  is  no  doubt 
that  quinine  can  cause  haemoglobinuria,  but  the  way  in  which  it 
acts  is  doubtful.  Stephens  beUeves  that  the  haemoglobinuria 
stands  in  no  relationship  to  the  dose  of  quinine,  and,  further,  that 
a  second  dose  may  not  produce  the  result,  and  that  it  is  the  blood 
condition  of  the  malarial  patient  which  is  the  determining  factor. 
Our  experience  has  tended  to  show  that  there  is  a  direct  relation- 
ship between  the  quinine  and  the  hsemoglobinuria.  Quinine  acts  in 
this  way  by  causing  haemolysis  of  the  red  corpuscles.  Stephens  and 
Christophers 'found  that  O'ooi  to  o  "00082  gramme  of  quinine  hsemo- 
lyzed  I  c.c.  of  a  suspension  of  normal  human  red  cells  at  37°  C.  The 
hsemolytic  action  naturally  increases  the  quantity  of  bUe  produced. 
This  deleterious  action 'can  be  prevented  by  giving  calcium  chloride, 
which  increases  the  resistance  of  the  red  cells  to  haemolysis. 

Amblyopia  may  result  as  the  effect  of  large  doses  of  quinine, 
and  appears  to  be  due  to  constriction  of  the  retinal  arteries  in  tem- 
porary cases,  and  to  degeneration  of  the  retinal  ganglion  cells  and 
their  processes  in  permanent  cases. 

Quinine  appears  to  act  upon  the  uterus,  and  may  therefore  pro- 
duce an  unpleasant  effect  in  pregnancy,  though  whether  this  is 
really  due  to  the  quinine  or  to  the  malaria,  or  to  the  two  combined, 
is  doubtful. 

Effect  upon  Malarial  Parasites. — Quinine  appears  to  particularly 
affect  the  merozoites,  trophozoites,  and  schizonts,  and  to  act  much 
less  vigorously,  if  at  all,  upon  the  gametocytes. 

It  appears  to  act  most  vigorously  upon  the  merozoites,  perhaps 
because  they  are  free  in  the  plasma  ;  next  upon  the  young  tro- 
phozoites, whose  cytoplasm  is  broken  up,  and  finally  it  and  the 
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nucleus  destroyed ;  but  it  has  no  such  powerful  effect  upon  the 
fully-grown  schizont,  and  will  not  prevent  sporulation. 

With  regard  to  the  gametocytes,  it  probably  has  a  deleterious 
action  upon  the  young  forms,  but  certainly  not  upon  the  fully- 
grown  micro-  and  macrogametocytes.  It  is  thought  probable  that 
it  may  act  upon  the  very  old  form  of  microgametocyte,  but  this 
cannot  take  place,  as  a  rule,  with  regard  to  the  ordinary  fully- 
grown  microgametocyte,  for  AnopheHnes  can  be  infected  by  the 
blood  of  persons  containing  the  two  kinds  of  gametocytes  even 
when  treated  vigorously  with  quinine.  On  the  macrogametocyte, 
particularly  that  of  Laverania  malarice,  it  appears  to  have  no  action. 
Hence  to  get  the  full  effect  of  quinine  on  the  parasites  it  must  be 
present  in  the  blood  at  the  time  of  sporulation,  in  order  that  it  may 
kill  the  merozoites,  young  sporonts,  and  schizonts.  In  order  to 
produce  this  effect,  it  is  judged  that  the  quinine  must  be  present 
in  the  blood  in  a  strength  of  at  least  i  in  20,000. 

Time  of  Administration. — From  the  above  it  will  be  obvious  that 
the  best  time  to  give  quinine  to  a  healthy  person  for  purposes  of 
prophylaxis,  or  to  a  convalescent  for  purposes  of  effecting  a  cure, 
will  be  at  meal-times,  and  preferably  directly  at  the  end  of  the  meal, 
so  that  it  can  enter  the  blood  with  the  products  of  digestion,  and  so 
obtain  its  fullest  action.  It  has  been  our  rule  in  most  cases  to  advise 
that  it  should  be  taken  directly  after  the  early  morning  meal. 

The  hsemolytic  action  of  quinine  must  be  remembered,  and  the 
fact  that  it  may  by  this  action  give  the  liver  more  work  by  extra 
bile  production.  Consequently,  it  is  most  necessary  to  remind  the 
above  class  of  patients  to  take  care  that  the  bowels  are  open 
regularly,  and  to  correct  by  suitable  aperients  any  irregularity 
that  may  exist. 

With  regard  to  mild  quartan  and  tertian  fevers,  there  is  not  the 
slightest  doubt  that  excellent  effects  are  obtained  by  giving  the 
drug  four  hours  before  the  attack — i.e.,  before  the  sporulation  of 
the  parasite  is  due.  In  this  way  the  merozoites  are  most  likely 
to  be  killed.  This  may  be  modified  by  giving  the  drug  twice  daily, 
one  dose  of  10  grains  by  the  mouth  in  the  morning,  and  the  other 
dose  of  10  grains  at  the  above-stated  time.  This  method  we  have 
found  most  useful,  as  it  allows  for  irregularity  in  sporulation. 

In  many  cases,  however,  we  give  the  drug  three  times  a  day, 
without  regard  to  the  conditions  of  parasitic  life,  and  this  method 
is  apparently  not  less  successful.  / 

In  more  severe  forms  of  quartan  and  tertian,  and  in  cases  of 
subtertian  fever  in  which  the  patient  is  seen  for  the  first  time 
during  the  attack,  the  drug  should  be  given  hypodermically  or  by 
the  mouth,  when  it  may  be  administered  on  the  fall  of  the  tempera- 
ture, when  the  gastric  irritation  is  lessening,  and  then  continued 
by  one  of  the  above  methods. 

In  cases  of  serious  and  of  pernicious  attacks,  time  must  not  be 
wasted  in  waiting  for  temperatures  to  fall  or  for  symptoms  to  im- 
prove   otherwise  the  patient  will  die,  and  there  must  be  no  hesita- 
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tion  in  giving  either  an  intramuscular  or  an  intravenous  injection, 
according  to  the  severity  of  the  symptoms. 

Method  of  Administration. — For  practical  purposes  there  are 
only  four  methods  of  administration  : 

1.  By  the  mouth. 

2.  By  the  rectum. 

3.  By  intramuscular  injections. 

4.  By  intravenous  injections. 

By  the  Mouth. — If  expense  is  no  object,  take  the  most  soluble 
drug  that  can  be  got,  and  use  either  the  bihydrochloride  or  the  bisul- 
phate ;  otherwise  the  sulphate  must  be  used.  In  cases  of  ladies 
or  children  euquinine  may  be  used  with  advantage,  but  it  should 
be  remembered  that  it  is  very  insoluble  and  expensive. 

The  forms  in  which  the  chosen  drug  may  be  administered  are  : 

1.  Powder. 

2.  Solution. 

3.  Tabloid,  tablet,  or  pill. 

4.  Cachet  or  capsule. 

It  is  presumed  that  no  doctor  would  allow  his  patient  to  take 
quinine  in  a  cigarette-paper,  though  non-medical  people  are  found 
who  have  got  into  the  habit  of  using  this  method. 

As  regards  the  powder,  it  is  an  efficient  method  of  administering 
the  drug  to  the  healthy,  if  given  directly  after  a  meal,  but  the  taste 
is  most  unpleasant.     It  is  certainly  the  cheapest  method. 

The  acid  preparations — for  example,  the  bihydrochloride  and 
bisulphate — may  be  dissolved  in  water,  but  should  have  some 
flavouring  added  to  disguise  the  taste,  while  the  sulphate  requires 
an  acid,  which  may  be  provided  by  suspending  some  of  the  powder 
in  natural  limejuice ;  but  in  order  to  dissolve  the  sulphate  properly 
a  mineral  acid  should  be  used,  in  the  strength  of  i  minim  to  each 
grain,  but  more  than  this  will  be  required  if  the  unpleasant  after- 
taste is  to  be  avoided. 

In  hospitals  the  sulphate  must  be  used,  as  it  is  cheap  and  effective, 
but  it  is  as  well  to  have  it  periodically  reported  upon  by  an  analyst, 
in  order  to  see  what  is  really  being  given  to  the  patients.  For 
hospital  use  it  may  be  dissolved  in  dilute  sulphuric  acid,  and  have 
some  cheap  form  of  flavouring  added. 

We  have  used  Warburg's  tincture  on  the  West  Coast  of  Africa 
with  apparent  success  in  cases  of  chronic  subtertian  infection, 
which  resist  the  ordinary  methods  of  administering  quinine,  but 
care  is  required,  as  it  has  a  depressing  effect  upon  the  heart  in  these 
cases. 

Tabloids,  tablets,  and  pills  are  pleasant  methods  of  taking  quinine 
for  prophylaxis,  convalescence,  and  mild  attacks.  Moreover,  they 
are  extremely  useful  for  journeys,  being  readily  carried,  but  in  order 
to  be  successful  they  must  not  be  old  and  hard.  The  hydrochloride 
or  bisulphate  should  be  used  and  the  solubility  tested  from  time  to 
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time  in  water,  otherwise  the  tabloid  must  be  reduced  to  powder 
and  taken  as  indicated  above. 

Pills  and  capsules  are  quite  good  when  fresh,  but  they  are  apt 
to  get  hard  when  old,  and  are  then  useless,  and  must  be  opened 
and  the  powder  used,  if  they  form  the  only  supply  available. 

The  quinine  tannate  chocolates  are,  of  course,  only  used  for 
prophylaxis  in  children. 

By  the  Rectum. — ^This  method  may  be  useful  in  gastric  dis- 
turbance, but  is  not  to  be  compared  with  the  intramuscular. 
Twenty  grains  of  the  bihydrochloride  is  made  into  a  solution  in  water, 
and  then  mixed  with  an  ounce  of  mucilage  of  starch  solution,  and 
used  as  an  injection.  It  is  advisable  to  add  a  few  drops  of  tincture 
of  opium.  '  i 

Intramuscular  Injections. — We  are  not  in  favour  of  hypodermic 
injections  of  quinine — i.e.,  of  injections  simply  under  the  skin — 
but  strongly  recommend  intramuscular  injections  in  all  cases  of 
malarial  fever  in  which  there  is  gastric  disturbance,  or  in  which, 
for  any  reason,  the  quinine  is  apparently  failing  to  act,  or  in  which 
the  disease  is  becoming  chronic,  or  in  serious  subtertian  infections. 
For  this  purpose  the  bihydrochloride  should  be  dissolved  in  normal 
(o'75  per  cent.)  saline  solution,  and  carefully  sterilized.  Bacelli's 
formula  is  10  grammes  of  quinine  and  0-075  gramme  (i^  grain)  of 
salt  dissolved  in  10  grammes  (24  drachms)  of  water,  one-tenth  of 
which  is  used  for  an  injection ;  but  the  greatest  care  must  be  taken 
that  this  solution  is  properly  sterile.  A  good  formula  for  a  solution 
which  does  not  cause  pain  is  Gagli's  or  Giemsa's  :  Quinine  hydro- 
chloride, 10  grammes  ;  aquae  destillatse,  10  grammes  ;  sethyl  urethan, 
5  grammes,  of  which  one  twenty -fifth  portion  is  used  for  an 
injection. 

If,  however,  the  solution  is  to  be  prepared  and  sterilized  while 
the  patient  is  waiting  for  treatment,  much  time  is  lost.  We  there- 
fore recommend  the  tropical  practitioner  to  purchase  and  keep  by 
him  the  sterilettes,  which  are  little  hermetically  sealed  vials,  con- 
taining either  a  gramme  (15  grains)  or  half  a  gramme  (7I  grains)  of 
quinine  in  solution.  These  sterilettes  may  be  purchased  from 
Squire  and  Sons,  or  Martindale,  of  London  ;  Nachfl,  of  BerUn  ;  or 
Molteni,  of  Florence.  Giemsa's  solution  may  be  obtained  in  similar 
sterile  vials  from  L.  B  artels,  Hamburg. 

The  technique  is  simple  :  First  cleanse  the  skin  of  the  patient 
carefully  with  i  in  20  carbolic  lotion  ;  then  break  off  the  glass  seal 
of  the  vial  at  the  nick  in  the  neck,  and  pass  the  open  mouth  of  the 
vial  through  a  flame  ;  then  draw  up  the  contained  fluid  into  a 
sterilized  all-glass  syringe  provided  with  a  platinum  iridium  needle. 
Plunge  the  hypodermic  needle  deeply  into  the  deltoid  or  gluteus 
maximus,  and  make  the  injection.  Withdraw  the  needle,  and  place 
a  little  pad  of  wool,  wrung  out  in  i  in  40  carbohc  lotion,  on  the  site 
of  the  injection.  Performed  carefully  in  the  above  manner,  there 
need  be  no  fear  of  tetanus  or  abscess  formation,  and  the  injection 
can  be  repeated  at  will.     If  necessary,  a  stimulant  or  an  injection 
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of  ether  may  be  given  in  the  old  and  feeble  before  this  intramuscular 
injection.  After  repeated  injections  of  quinine,  even  if  adminis- 
tered antiseptically,  hard  swelhngs  may  appear  at  the  seat  of  the 
injections.  In  such  cases  the  hypodermics  should  be  stopped  for 
a  few  days,  and  an  ice-bag  may  be  applied  to  the  painful  part. 

In'ravenous  Injection. — In  cases  of  pernicious  infection  with  sub- 
tertian  parasites,  no  delay  should  be  made  in  giving  the  patient 
an  intravenous  injection,  but  the  effect  of  quinine  on  the  circulation 
must  be  remembered,  and  if  the  pulse  is  bad,  it  is  advisable  to  give 
a  hypodermic  injection  of  ether  as  a  preliminary.  The  same  vials 
and  apparatus  should  be  used  in  the  intravenous  as  in  the  intra- 
muscular injection. 

The  injection  should  be  made  into  the  median  basilic  or  median 
cephahc  veins,  and  not  less  than  i  gramme  (15  grains) ,  should  be 
injected  at  a  time.  The  skin  over  the  selected  vein  should  be  ren- 
dered thoroughly  aseptic  by  soap  and  water  and  carbolic  lotion, 
and  then  a  bandage  tied  round  the  arm,  so  as  to  retard  the  flow  of 
venous  blood  and  make  the  selected  vein  stand  out.  Then  the 
needle  should  be  inserted  into  the  vein  (care  being  taken  that  there 
is  no  air  in  needle  or  syringe)  in  a  sloping  direction,  with  the  point 
towards  the  heart,  so  that  the  injection  can  flow  with  the  circula- 
tion. The  point  of  the  needle  should  be  felt  to  be  loose  {i.e.,  in  the 
vein).  The  bandage  must  now  be  loosened  and  the  injection  made 
slowly,  the  effect  on  the  pulse  being  noted.  The  needle  is  now 
withdrawn,  and  an  aseptic  pad  fixed  in  position  by  a  bandage. 

Dose. — ^To  adults  we  generally  give  three  times  a  day  by  the 
mouth  5  to  10  grains  of  the  ordinary  preparations  (sulphate,  hydro- 
chloride, etc.).  The  routine  treatment  in  the  Ceylon  clinic  and 
hospitals  is  a  mixture  composed  of  quinine  sulphate,  5  to  10  grains  ; 
dilute  sulphuric  acid,  5  to  10  minims  ;  syrup  of  orange,  i  drachm  ; 
distilled  water,  i  ounce.  We  give  euquinine  in  slightly  larger 
doses,  though  there  is  no  danger  in  administering  large  doses. 

By  intramuscular  or  intravenous  injections  we  give  10  to  15  grains, 
by  the  rectum  30  grains  ;  but  when  given  by  the  last  method,  some 
tincture  of  opium  should  be  added,  to  prevent  irritation,  which 
otherwise  is  liable  to  occur.  Five  or  ten  grains  of  potassium  bromide 
added  to  each  dose  of  quinine  will,  to  a  certain  extent,  prevent 
tinnitus  aurium.  In  cases  in  which  the  heart  is  weak  a  few  minims 
of  tincture  of  digitalis  should  be  prescribed. 

Children  suffering  from  malaria  stand  quinine  well,  and  the 
minute  doses  advised  in  so  many  treatises  on  the  diseases  of  children 
are,  in  our  experience,  utterly  inadequate  in  the  tropics.  Infants 
under  one  year  of  age  may  receive  from  \  grain  to  ij  grains  six 
times  a  day  ;  childreh  between  one  and  three  years  of  age  from 
I  grain  to  2  grains  six  times  a  day,  and  those  between  three  and 
ten  years  2  to  3  grains  six  times  a  day. 

Nocht  has  advised  the  administration  of  quinine  in  small  repeated  doses 
of  2j-  grains  five  times  a  day.  This  method  is  useful  when  there  is  a  tendency 
to  hserfioglobinuria  find  in  pregnant  wpmgn  ?n  whpm  the  administration  of 
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full  doses  may  induce  abortion  ;  but  tliis  action  has  been  greatly  exaggerated, 
many  cases  ascribed  to  quinine  being  due  to  some  other  cause.  We  have  often 
given  1 5  grains  of  quinine  daily  to  pregnant  women,  but  divided  into  small  doses 
of  2  to  3  grains  (Nocht's  method),  and  in  severe  cases  have  pushed  the  drug 
without  bad  effects.     The  addition  of  a  Httle  opium  may  prevent  bad  effects. 

Duration  of  Treatment.— When  the  fever  has  subsided  and  the 
patient  is  feeling  better,  the  administration  of  quinine  must  not  be 
discontinued,  because  there  is  the  fear  of  a  relapse,  caused  by 
parasites  which  have  not  yet  been  destroyed,  and  which  may  be 
living  in  the  spleen ;  or,  again,  there  is  the  fear  of  the  parthenogenesis 
of  the  macrogametocyte.  In  order  that  the  treatment  may  be  suc- 
cessful, the  quinine  must  be  continued  for  a  long  time.  Our  routine 
practice  has  been  to  continue  with  10  grains  in  the  morning  and 
10  grains  in  the  evening  for  a  week  after  the  cessation  of  the  fever, 
5  grains  in  the  morning  and  5  grains  in  the  evening  for  about  two 
weeks  after,  then  5  grains  every  day,  with  a  double  dose  once  a 
week,  for  about  three  months.  In  some  cases  when  the  fever  has 
ceased  it  is  advisable  to  associate  some  iron  and  arsenic  with  the 
quinine,  but  these  drugs  should  not  be  given  during  the  febrile 
attack. 

Prophylactic  Use. — This  will  be  discussed  in  the  section  on  Pro- 
phylaxis (p.  683). 

Otlier  Drugs.  —  It  is  almost  a  work  of  supererogation  to 
mention  other  drugs  in  the  treatment  of  malaria,  such  as  cuprein, 
methyl  blue,  atoxyl,  and  treatment  by  the  serum  of  immune  animals, 
and  by  violet  light  or  in  the  dark.  Methylene  blue,  however,  has 
been  used  by  several  authors  in  the  dose  of  2.  grains  every  four 
hours.     In  our  experience  its  efficacy  cannot  be  compared  to  quinine. 

Symptomatic  Treatment  of  Acute  Malaria. — ^The  practitioner  who 
works  in  the  tropics  must  be  prepared  often  to  do  the  nursing  as 
well  as  the  medical  treatment.  When  the  attack  begins,  the  patient 
must  go  to  bed,  and  in  the  cold  stage  wrap  up  well  with  blankets. 
At  the  same  time  arrangements  must  be  made  in  case  of  sickness 
or  diarrhoea.  The  treatment  of  this  and  the  warm  stage  must  be 
to  encourage  perspiration,  by  warm  lime-drinks,  hot  tea,  etc.,  in 
order  that  the  toxins  may  be  passed  out  as  quickly  as  possible. 
Ziemann  recommends  hot-air  baths  to  bring  on  the  perspiration. 
We  have  tried  this  method  a  few  times,  but  have  not  been  greatly 
impressed  with  the  advantages. 

The  headache  may  be  relieved  by  cold  applications,  and  where 
there  is  no  ice,  dissolve  some  salt  and  juice  of  fresh  limes  or  lemons, 
together  with  some  vinegar  or  weak  acetic  acid  and  Florida  water 
or  eau-de-Cologne  in  a  small  basin  of  water,  and,  after  soaking 
handkerchiefs  in  this  mixture,  apply  them  one  after  the  other, 
changing  as  they  get  warmed,  to  the  patient's  forehead. 

A  little  stimulation  of  the  auricular  branch  of  the  pneumogastric 
by  applying  some  of  this  cool  lotion  to  the  lobule  and  behind 
the  ear  is  most  refreshing  to  the  patient. 

Another  method  of  reheving  the  headache  and  pains  about  the 
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body  is  to  give  phenacetin  and  caffein.     Phenacetin  or  antipyriri 
should  only  be  given  in  small  doses,  and  not  to  debilitated  patients. 
When  the  sweating  begins,  the  patient  usually  feels  much  better, 
but  care  must  be  taken  to  change  the  damp  clothing,  and  when  this 
stage  is  drawing  to  a  close  a  sponge  over  with  tepid  water  is  most 
refreshing,  and  the  person  will  probably  go  to  sleep,  and  wake 
feeling  much  better. 

Treatment  of  Symptoms  and  Special  Conditions. — Vomiting  is 
often  distressing,  and  can  be  relieved  by  sips  of  iced  soda-watej- 
or  champagne.     When  there  is  no  ice,  cover  the  bottle  with  a  thin 
layer  of  flannel  soaked  in  water,  and  hang  in  the  breeze.     If  these 
simple  remedies  fail,  and  the  sjnnptom  is  really  urgent,  apply  a 
mustard-leaf  to  the  pit  of  the  stomach,  or  give  a  mixture  containing 
chloroform   or   a  hypodermic   of  morphine.     If,    despite   all   this 
treatment,  the  vomiting  still  continues,  the  stomach  may  be  washed 
out  with  slightly  alkaline  water.     Hiccough  is  not  often  present, 
and  would  be  a  most  unpleasant  sign.      It  can  be  checked  by  the 
mustard-leaf,  by  codein,  or  by  a  hypodermic  of  morphia  (gr.  J). 

Not  infrequently  the  patient  is  worried  by  a  sharp,  dry  cough, 
which  is  best  treated  by  codein  or  morphia  in  some  form,  e.g. 
Codeinae  .  .  .  .  .  .  .  .  .  .  . .     gr.  ^. 

Syrupi  tolutanae  .  .  .  .  . .  . .  . .     5i-  ' 

Aquas  chloroformi       .  .  .  .  .  .  . .  . .     ad  gi- 

administered  every  four  hours. 

Constipation  must  not  be  allowed,  and  should  be  promptly 
relieved  by  a  dose  of  calomel  (i  to  3  grains),  if  necessary,  followed 
by  a  saline.  Ziemann  strongly  recommends  washing  out  the  rectum 
with  warm  normal  saline  solution  as  a  routine  practice,  but  though 
we  have  used  this  in  bad  cases,  we  have  no  experience  of  it  as  a 
routine  practice. 

Diarrhoea  is  at  first  useful  in  ridding  the  body  of  excess  of  bile 
and  other  waste  products.  Prolonged  diarrhoea  must  be  treated 
with  astringents  (bismuthi  subnitratjs  or  salol  gr.  x.  every  4  hours). 
Meanwhile  it  should  be  borne  in  mind  that  though  quinine  is 
absorbed  by  the  stomach,  still,  with  much  diarrhoea  there  is  often 
gastric  disturbance,  and  therefore,  if  the  drug  is  given  by  the 
mouth  in  these  conditions,  its  utility  may  be  small. 

Splenic  pain  and  liver  pain  are  not,  as  a  rule,  severe  enough  to 
make  special  treatment  needful,  but  occasionally  the  splenic  pain 
may  be  severe  (due  to  perisplenitis),  when  hot  fomentations  will 
relieve  it  if  it  is  thought  necessary  to  use  them. 

Hyperpyrexia  must  be  treated  by  cold  sponging — if  possible,  with 
ice  ;  if  not,  with  the  mixture  mentioned  above,  or  by  cold  packs, 
cold  baths,  and  cold  enemata. 

Algidity  requires  special  treatment  with  hypodermic  sahne 
injections  and  warm  applications  to  the  body,  and  especially  to 
the  region  of  the  heart.  The  saline  injections  consist  of  sterile 
normal  saline  solution,  and  are  injected  by  gravity  from  the  ordinary 
glass  reservoir  via  a  long  piece  of  indiarubber  tubing  and  a  stout 
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hollow  needle,  such  as  those  in  the  Potain's  aspirator-case.  The 
usual  sites  for  the  injection  are  the  sides  of  the  chest,  just  below  the 
armpit,  and  the  outer  aspect  of  the  thighs.  At  least  a  pint  should 
be  injected  in  one  place.  Oxygen  inhalations,  if  available,  may  also  be 
used.  Diaphoretic  pernicious  fever  requires  stimulants,  hypodermics 
of  atrophine,  and  ether  or  strychnine,  and  treatment  as  for  algidity. 

Hsemorrhagic  perniciosa  may  be  treated  with  calcium  chloride, 
and  with  local  applications  or  injections  of  adrenalin.  Scai"latini- 
form  perniciosa  obviously  calls  for  dilution  of  the  toxins  by  saline 
injections.  In  pernicious  cases,  when  the  patient  becomes  delirious 
or  comatose,  the  practitioner  must  be  careful  that  the  attendants 
in  whose  charge  he  is  left  are  really  trustworthy,  as  unfortunate 
accidents  have  been  known  to  happen.  Particularly  we  warn  the 
practitioner  to  make  sure  that  the  bladder  has  been  emptied, 
especially  in  delirious  patients,  not  by  mere  casual  inquiry,  but 
by  percussion  of  the  abdomen.  In  choleraic  perniciosa  the  treat- 
ment for  cholera  should  be  adopted  in  addition  to  quinine.  In 
dysenteric  perniciosa  the  treatment  must  be  that  suggested  for  mild 
dysentery,  and,  in  addition,  quinine,  while  the  pseudo-Addison's 
disease  is  best  treated  in  our  experience  by  lo  minims  of  adrenalin, 
given  twice  daily  in  addition  to  quinine. 

Diet. — During  the  attack  the  strength  must  be  maintained  by 
light  food,  such  as  Brand's  essence  or  chicken-broth,  and  stimulants, 
in  the  form  of  brandy  or  champagne,  may  be  required.  Milk  or 
whey  may  also  be  given,  and  in  cases  of  stomach  irritation  albumin 
water. 

During  remissions  broths  and  cle^r  soups  and  milk-puddings 
should  be  allowed.  In  the  intermission  of  a  quartan  or  tertian, 
and  during  convalescence,  regular  meals  of  good  plain  food,  may 
be  given. 

Treatment  of  Convalescence. — ^The  important  point  to  be  remem- 
bered in  convalescence  is  to  continue  the  quinine.  The  patient 
should  be  placed  on  a  tonic  with  iron  and  arsenic  in  some  forin,  and 
if  he  has  been  seriously  ill  he  must  have  a  change  to  a  colder  climate. 
The  patient  must  be  impressed  with  the  fact  that  he  must  not 
discontinue  the  quinine  on  arriving  in  a  cooler  cUmate,  as  an  attack 
of  fever  will  surely  take  place  if  he  does  so. 

Treatment  of  Chronic  Malaria.— If  a  person  is  constantly  suffermg 
from  attacks  of  malarial  fever,  he  should  be  sent,  whenever  possible, 
for  a  change  to  a  cooler  climate  in  the  hills  or  to  the  temperate  zone, 
but  should,  of  course,  continue  the  quinine  treatment.  If  he  can- 
not afford  a  change  of  climate,  he  must  be  placed  in  bed  and  given 
rest  from  work,  and  a  course  of  quinine  therapy  by  intra-muscular 
injections  carried  through. 

Treatment  of  Malarial  Cachexia.— The  most  important  feature, 
in  addition  to  quinine  treatment,  is  to  send  the  malarial  cachetic 
for  a  change  of  climate,  as  mentioned  above,  and  treat  the  ansemia 
with  iron  and  arsenic.  A  course  of  injections  of  cacodylate  of 
quinine  is  often  useful. 
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'  Prophylaxis. 

In  order  that  a  disease  may  be  scientifically  prevented,  a  thorough 
knowledge  of  its  etiology  must  be  acquired  and  disseminated  not 
merely  among  medical  men,  but  also  among  the  public.  We  know 
that  malaria  depends  upon — 

1.  The  presence  of  numerous  human  beings  infected  with  male 
and  female  gametocytes. 

2.  The  presence  of  numerous  Anophelines  in  which  the  gameto- 
cytes are  capable  of  developing  into  sporozoites. 

3.  Free  access  of  these  Anophelines  to  the  infected  human  beings. 

4.  Air-temperatureg  suitable  for  the  development  of  the  malarial 
parasite  in  man  and  Anophelines. 

5.  Free  access  of  infected  Anophelines  to  non-immune  human 
beings. 

To  summarize,  there  are  three  factors  :  (i)  The  human  being ; 
(2)  the  Anopheline  ;   (3)  the  air-temperature. 

In  the  tropics  this  third  factor  is  in  favour  of  malaria,  and  it 
cannot  be  altered ;  therefore  methods  of  prophylaxis  must  be 
devoted  to  the  human  being  and  the  Anopheline. 

The  Human  Being. — The  preliminary  step  with  regard  to  the 
human  being  is  to  ask  his  intelligent  assistance,  and  for  this  purpose 
education  with  regard  to  disease  in  general  and  malaria  in  par- 
ticular is  required.  First  of  all  it  was  necessary  to  bring  the  medical 
profession  into  touch  with  the  discoveries  made  by  Manson,  Ross, 
and  Grassi,  and  this  has  been  done.  Secondly,  it  was  and  is 
necessary,  by  lantern  lectures,  illustrated  pamphlets,  etc.,  to  bring 
home  to  the  conviction  of  the  educated  public  of  the  tropics  the 
monetary  loss  caused  to  the  Government,  the  planter,  the  merchant 
— i.e.,  to  the  employer  of  labour — by  malaria.  Unless  this  can  be 
done,  the  money  necessary  for  the  effective  prophylaxis  will  not  be 
forthcoming.  No  one  will  deny  that  malaria  is  the  greatest  cause 
of  sickness  in  the  tropics,  though  there  may  be  places  where  its 
mortality  is  low  and  places  where  it  is  high  ;  but  that  which  people 
fail  to  recognize  is  the  financial  loss  caused  by  this  sickness. 

Therefore  we  quote  the  well-known  example  of  the  Adriatic 
Railway  Company,  which,  according  to  Ricchi,  used  to  spend  on 
account  of  malaria  among  6,416  workmen  living  in  malarious  areas 
no  less  than  1,050,000  francs  per  annum. 

But  a  serious  attempt  should  be  made  to  impress  the  uneducated 
masses  of  the  tropics  with  some  sbrt  of  knowledge  about  the  disease. 
This  can  best  be  done  by  simple  kindergarten-like  instruction, 
with  demonstration  of  actual  living  specimens  of  Anopheles  and 
their  eggs,  larvae,  and  pupee,  together  with  the  presence  of  a  young 
child  with  a  huge  spleen  and  of  a  person  suffering  from  malarial 
cachexia,  and  then  at  the  close  of  the  lecture,  distribution  of  illus- 
trative pamphlets  in  the  vernacular,  written  in  simple  language, 
reviewing  the  subject  of  the  lecture,  together  with,  if  possible,  the 
demonstration  of  the  larvse  in  a  neighbouring  stream  or  pool. 
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This  attempt  to  instruct  the  lower  classes  of  the  tropics  may  not 
be  productive  of  much  immediate  good,  but  it  may  bring  home  to 
them  that  malaria  is  a  potent  factor  in  causing  illness  and  death 
among  their  infants  and  young  children,  and  that  it  is  caused  by 
the  bite  of  a  particular  kind  of  insect,  and  can  be  to  a  great  extent 
prevented  by  proper  treatment  with  quinine. 

Another  method  employed  is  to  give  the  teachers  of  the  ele- 
mentary vernacular  schools  a  course  of  instruction  in  elementary 
hygiene,  including,  of  course,  malaria,  so  that  they  may  be  able  to 
give  their  pupils  elementary  instruction  in  these  matters. 

In  such  instruction  no  pamphlet  or  book  should  be  used,  other- 
wise there  is  a  danger  of  the  knowledge  being  acquired  by  rote. 
The  only  way,  however,  to  bring  about  any  result  by  this  method 
IS  to  award  a  special  grant  to  the  school,  based  upon  the  knowledge 
of  the  scholars. 

All  these  methods  have  actually  been  and  are  being  carried  out, 
but  in  any  case  they  are  only  prehminaries,  and  any  good  which 
may  result  therefrom  will  not  be  immediate. 

Another  preliminary  matter  is  to  use  the  knowledge  acquired 
concerning  the  life-history  of  the  Anophelines,  and  not  to  build 
houses,  coolie-lines,  etc.,  in  ravines  and  valleys,  or  on  the  margin 
of  water  likely  to  be  a  breeding-ground  for  these  insects.  Place  the 
buildings  on  high  ground,  and,  bearing  in  mind  the  fact  that  native 
children  harbour  gametocytes,  build  the  better-class  houses  away 
from  the  lower-class  native  town  or  village. 

Leaving  now  these  preliminaries,  we  come  to  the  actual  question 
of  prophylaxis  by  reducing  the  malaria  in  man  by  quinine  adminis- 
tration, as  recommended  by  Koch,  Celli,  Plehn,  Negri,  and  others. 

Koch's  method  consists  in  taking  a  large  dose  (15  grains)  of 
quinine  on  two  consecutive  days  every  eight  or  ten  days,  while 
Celli's  method  consists  in  taking  about  6  grains  (0-40  gramme)  of 
quinine  daily  ;  Plehn's,  in  taking  8  grains  of  quinine  every  fourth 
day.  Our  own  method  is  to  give  5  grains  daily,  and,  in  addition, 
a  double  dose  (10  grains)  once  a  week  ;  and  in  order  to  enable  the 
patient  to  remember  the  routine,  we  advise  him  to  take  the  double 
dose  on  a  Sunday.  For  children  i  grain  of  quinine  may  be  given 
for  every  three  years  of  age,  or  euquinine  may  be  used  with  advan- 
tage in  doses  of  2  to  5  grains  daily.  It  is  not  very  bitter,  and  may 
be  given  with  a  little  sweetened  condensed  milk,  as  advised  by 
Watson,  or  chocolates  of  tannate  of  quinine  (2  to  5  grains),  as 
advised  by  Celli,  may  be  given. 

■All  these  methods,  if  properly  carried  out,  give  good  results, 
but  it  must  be  remembered  that  unpleasant  symptoms  may  arise 
after  a  long  use  of  quinine,  of  which  the  most  frequent  in  our 
experience  is  a  tremor  of  the  hands  ;  but  various  other  nervous 
symptoms  may  appear — e.g.,  irritability. 

The  advantages  of  quinine  prophylaxis  are,  however,  in  excess 
of  its  disadvantages,  and  we  strongly  recommend  its  use.  In  Italy 
special  la,ws  have  been  passed,  due  to  the  efforts  of  Celli,  which  render 
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quinine  prophylaxis  practicable  among  the  poorer  classes.  The 
quinine  is  manufactured  by  the  State  and  distributed  gratis  to  the 
poor,  while  employers  of  labour  are  compelled  to  supply  it  to  their 
work-people.  Governments,  municipalities,  etc.,  can  also  help  in  this 
way  by  giving  free  quinine  to  the  populace. 

The  systematic  free  distribution  of  quinine  powders,  tinted  if 
necessary,  and  enclosed  in  papers,  with  a  vernacular  label  informing 
the  recipient  that  there  is  no  charge,  is  also  useful  among  the  native 
population,  as  is  the  distribution  of  quinine  to  children  in  the 
schools  by  the  teachers.  It  is,  however,  necessary  to  see  that 
the  quinine  is  actually  taken.  The  distribution  must  be  carried 
out  by  itinerary  dispensers,  for  the  native  will  not  travel  far  to 
obtain  quinine. 

By  this  method  Koch  freed  Stephansort,  in  New  Guinea,  from 
malaria,  but  there  is  a  doubt  as  to  whether  the  disease  will  not 
recur  if  this  method  alone  is  used.  It  must  be  remembered  that 
free  quinine  distribution  on  a  large  scale  is  very  costly. 

The  next  method  is  to  prevent  man  from  being  bitten  by  Ano- 
phehnes.  This  may  be  effected  by  the  constant  and  intelligent 
use  of  the  mosquito-curtain  ;  by  rendering  the  dwelling,  or  certain 
portions  of  it,  gnat-proof  ;  or  by  the  application  of  chemicals 
which  will  keep  the  mosquitoes  away. 

Firstly,  with  regard  to  the  mosquito-curtain,  the  mesh  must  be 
suitable — i.e.,  twenty  to  twenty-four  meshes  to  the  square  inch. 
It  should  be  tightly  spread  over  the  bed  by  means  of  the  mosquito- 
curtain  raihngs  of  the  bed,  and  be  tucked  in  under  the  mattress. 
On  no  consideration  whatever  must  it  be  allowed  to  hang  loosely 
or  to  fall  on  to  the  ground.  It  should  be  in  position  in  the  early 
afternoon,  and  must  be  in  good  repair,  for  if  it  is  torn  it  is  worse 
than  useless,  becoming  a  mosquito-trap.  It  must  be  kept  clean, 
especially  at  the  top,  which  is  apt  to  accumulate  all  sorts  of  queer 
things  from  the  roof.  Never  travel  into  a  malarious  region  without 
your  own  net,  as  the  condition  of  those  in  rest-houses  may  be  far 
from  good. 

Secondly,  with  regard  to  gnat-proof  rooms  or  houses,  these  can 
be  easily  constructed  at  but  slight  cost  by  using  wire-netting  of 
twenty  to  twenty-four  meshe^  to  the  inch,  preferably  the  latter. 
Rooms  and  verandas  enclosed  in  this  way  are  a  great  convenience, 
preventing  not  merely  molestation  from  mosquitoes,  but  also  from 
other  insects. 

The  Irrigation  Department  of  Ceylon  possesses  movable  mos- 
quito-proof rooms,  which  its  engineers  can  take  with  them  as  their 
work  requires.  These  are  constructed  of  a  wooden  framework, 
supporting  the  gauze,  and  have  a  double  door.  They  are  only 
12  feet  by  12  feet  by  8  feet,  and  can  therefore  be  erected  inside  the 
room  of  a  native  house  if  desired,  or  on  a  veranda.    The  cost  is  small. 

Hospital  wards  ought  certainly  to  be  rendered  gnat-proof  in 
malarious  districts,  as  persons  are  often  found  in  the  wards  with 
their  blood  teeming  with  gametocytes.      Hence,  if  there  are  any 
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sukable  Anophelines  in  the  hospital,  the  chance  of  future  patients 
suffering  from  other  diseases  becoming  infected  is  considerable. 

With  regard  to  coolies,  the  third  method  has  been  tried  to  a 
certain  extent  with  success— viz.,  that  of  rubbing  all  over  the  body 
an  oil  composed  of  i|  parts  of  citronella  oil,  i  part  of  kerosene, 
and  2  parts  of  cocoanut  oil,  to  which  i  per  cent,  of  carbolic  acid 
is  added.  Coolies  seem  to  hke  this  mixture,  which  is  called  the 
'  bamber-green  oil.' 

Electric  fans  and  punkahs  are  secondary  methods  of  preventing 
Anophelines  from  biting  human  beings. 

The  Anophelines.— It  has  already  been  indicated  that  it  is  not 
necessary  to  exterminate  the  Anophelines  in  order  to  prevent 
malaria.,  but  that  all  that  is  needful  is  to  reduce  their  numbers. 
The  objection  has  been  raised  to  AnopheUne  destruction  that  as  fast 
as  they  are  destroyed  in  a  given  area  others  will  immigrate  into 
that  place  from  surrounding  areas. 

Ross  has  rather  aptly  answered  that  objection  by  pointing  out 
that  if  the  human  birth-rate  in  a  place  was  suppressed  without 
attracting  special  immigration,  the  population  would  soon  decrease, 
and  Professor  Pearson,  on  conjectural  bases,  has  shown  that  if 
mosquito  propagation  is  suppressed  within  the  circular  area  of  a  mile, 
the  mosquito  density  at  the  centre  will  be  3  per  cent.,  a  quarter  of  a 
mile  from  the  centre  18  per  cent.,  and  at  the  periphery  75  per  cent, 
of  the  density  surrounding  that  area.  A  square  one  mile  wide  will 
have  a  central  density  of  2  per  cent.,  at  a  quarter  of  a  mile  from 
the  boundary  11  per  cent.,  and  at  the  boundary  50  per  cent,  of  the 
surrounding  density.  No  experiments  have,  however,  been  carried 
out  to  determine  whether  these  assumptions  are  correct. 

There  is,  however,  no  doubt  that  Anopheline  reduction  leads 
to  the  reduction  of  malaria.  The  work  done  under  Ross's  direction 
at  Ismailia  proves  this,  for  the  cases  of  malaria  were  reduced  from 
1,551  in  1902  to  37  in  1905,  and  these  latter  were  all  relapses.  The 
cost  of  this  is  given  as  50,000  francs  for  drainage  and  filling  up  of 
pools,  with  a  yearly  expenditure  of  18,300  francs,  which  worked 
out  at  2'3  francs  per  head  of  population. 

Travers  and  Watson  at  Klang  and  Port  Swettenham,  in  the 
Malay  States,  by  similar  methods  reduced  the  cases  of  malaria 
admitted  into  the  hospitals  from  610  in  1901  to  23  in  1905,  while 
the  cases  from  the  surrounding  district  in  which  no  antimalarial 
methods  were  employed  were  197  in  1901  and  353  in  1905.  The 
children  found  infected  in  the  two  towns  in  1905  amounted  to 
0-5  per  cent,  of  those  examined,  while  in  the  surrounding  dis- 
trict they  were  more  than  23  per  cent.  The  financial  saving  is  also 
shown  by  the  fact  that  Government  employes  in  1901  obtained 
236  sick  certificates,  amounting  to  1,026  days'  leave,  and  in  1905 
only  4,  amounting  to  30  days'  leave.  The  cost  to  the  end  of  1905 
was  £10,100,  with  a  yearly  expenditure  of- £410.  The  cost  up  to 
the  end  of  1905  worked  out  at  £x  4s.  per  head  of  the  population. 

Similar  work  has  been  done  in  Hong  Kong  by  Dr.  Thompson. 
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In  Panama,  under  American  rule,  the  measures  taken  are  very 
elaborate  and  systematic,  because  the  sanitarian  is  given  a  free 
hand,  and  economy  is  not  considered  where  health  is  in  question, 
with  the  result  that  malaria  and  yellow  fever  have  disappeared. 
There  can  therefore  be  no  doubt  that  the  destruction  of  Ano- 
phelines  will  lead  to  the  diminution  of  malaria. 

The  measures  which  are  used  may  be  classified  into  those  directed 
against  the  insect  and  those  against  the  larvae.  With  regard  to  the 
insects,  fumigation  with  some  substance  such  as  sulphur  or  pyre- 
thrum  will  stupefy  them  and  cause  them  to  fall  to  the  ground,  when 
they  can  be  swept  up  and  burnt.  This  is  useful  in  dealing  with 
individual  houses  prior  to  residing  therein. 

It  is,  however,  against  the  larvse  that  measures  are  most  easily 
taken,  and  these  include  : 

Engineering  Works. — (i)  Draining  swamps ;  (2)  draining  roads ; 
and  (3)  filling  in  hollows. 

Sanitary  Works. — (i)  Removal  of  small  collections  of  water ; 
(2)  oiling  collections  of  water  with  kerosene  by  means  of  sprays 
every  ten  days ;  (3)  screening  wells,  cisterns,  etc.,  with  wire  gauze ; 
(4)  removal  of  plants  likely  to  contain  water  and  act  as  breeding- 
places  (the  following  may  be  specially  noted :  bamboos,  pine- 
apples, travellers'  palms,  fibre  plants)  ;  (5)  introduction  of  fish, 
especially  '  millions,'  into  collections  of  water  ;  and  (6)  growth  of 
weed  in  water,  especially  Lemna,  the  duckweed. 

Every  district  must  be  considered  separately,  and  a  systematic 
malarial  survey  having  been  made,  those  methods  should  be  applied 
which  seem  most  adapted  for  success.  A  combination  of  methods 
must  be  better  than  any  one  individual  method.  In  any  case,  a 
definite  scheme  should  be  devised,  and  thoroughly  and  continuously 
carried  out.  But  a  word  of  caution  is  necessary.  Having  made 
the  survey  and  estimated  the  cost,  firstly,  leave  a  good  margin  for 
contingencies,  and,  secondly,  on  no  consideration  attempt  the  work 
unless  an  adequate  supply  of  money  is  provided,  for  failure  is  sure 
to  result  if  the  scheme  is  only  half  carried  out. 
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CHAPTER  XXIV 
BLACKWATER  FEVER 

Definition — History — Climatology — etiology — Pathology — Symptomatology 
— Diagnosis — Prognosis — ^Treatment — Prophylaxis — References. 

Synonyms. — Malarial  Haemoglobinuric  fever,  Bilious  Haemoglobin- 
uric  fever,  Bilious  Remittent  fever,  Malignant  Bilious  fever,  Haemor- 
rhagic  Malarial  fever,  Fievre  Bilieuse  Hematurique,  Fievre  Bilieuse 
Hemoglobinurique,  Fievre  Bilieuse  Grave,  Fievre  Bilieuse  Melan- 
urique,  Fievre  J aune  des  Creoles  ou  des  Acclimates  (French),  Gallen- 
fieber, Schwarzwasserfieber  (German), Febbreemoglobinure  (Italian). 

Definition. — An  acute  specific  fever,  characterized  by  great 
blood  destruction  and  haemoglobinuria. 

History. — ^The  knowledge  of  this  fever  is  recent,  for  it  does  not 
appear  to  have  been  noted  by  Torti,  the  celebrated  writer  on  per- 
nicious fevers,  nor  by  his  predecessors,  and  the  first  information 
of  its  existence  appears  to  have  been  given  by  the  French  naval 
surgeons  Lebeau,  Daulle,  and  Le  Roy  de  Mericourt  in  1850-53, 
who  drew  attention  to  the  disease  in  Madagascar  and  Nossi-Be, 
after  which  it  is  mentioned  as  occurring  in  Senegal,  Cayenne,  and 
the  Antilles.  In  1858  Verratas  described  its  occurrence  in  Greece, 
and  in  1859  Cummings  met  with  it  in  America. 

The  clinical  signs  were  carefully  described  by  Dutroulau  in  1858 ; 
by  Corre  in  1861,  who  showed  that  the  colour  of  the  urine  was  due 
to  haemoglobin,  and  not  to  bile  or  blood,  as  had  been  thought  ; 
by  Barthelemy  and  Benoit  in  1865  ;  Berenger-Feraud  in  1874 
(in  which  year  Tomaselli  first  described  it  in  Italy)  ;  Pellarin  in 
1876  ;  and  O'Neill  in  1882.  Kelsch  and  Kiener  in  1889  gave  an 
excellent  description,  together  with  a  history  of  the  disease  up  to 
that  date.  In  1890  Schelling  met  with  it  in  Kaiser  Wilhelm's  Land, 
and  Grocco  and  Cardapelli  in  Italy,  after  which  a  series  of  papers  by 
Mahly,  Easmon,  Eyles,  and  Papafio  appeared  on  the  disease,  as 
seen  on  the  Gold  Coast,  where  it  is  called  '  attridi  assara,'  which 
means  bilious  fever.  The  name  '  blackwater  fever,'  now  universally 
adopted,  was,  as  far  as  we  know,  first  used  by  Easmon. 

More  recently  researches  have  been  made  as  to  its  nature  and 
treatment  by  Koch,  Plehn,  Crosse,  Prout,  Stephens,  Christophers, 
Bentley,  Barratt,  Yorke,  and  others. 
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Climatology. — The  disease  occurs  most  commonly  in  tropical 
Atnca  and  m  certain  localities  in  India,  but  it  has  also  been  reported 
trom  many  parts  of  the  tropics. 

In  Europe  it  is  found  in  South  Italy,  Sicily,  Sardinia,  Greece, 
and  Southern  Russia.  In  Africa  it  occurs  in  Algeria,  and  through 
the  whole  of  the  tropical  area  of  West,  Central,  and  East  Africa. 
In  Asia  It  IS  well  known  in  India,  especially  in  the  Duars,  the  Terai 
Assam,  the  Jeypore  district  of  Madras,  and  the  Canara  district  of 
Bombay.  It  is  also  found  in  China,  Cochin  China,  and  Farther 
India.  In  America  cases  have  been  recorded  in  the  southern  regions 
of  the  United  States,  in  Central  and  South  America— especially 
Brazil— and  the  West  Indies.  It  is  not  known  in  Egypt  and  Ceylon, 
and  there  are  many  other  parts  of  the  tropics  from  which  it  has  not 
been  reported. 

etiology. — As  usual,  when  no  certain  knowledge  of  the  aetiology 
of  a  disease  has  been  obtained,  there  are  many  theories.  The  first 
is  the  malarial  theory  ;  the  second  the  quinine  theory  ;  the  third, 
that  it  is  a  combination  of  malaria  with  some  other  factor  ;  and  the 
fourth,  that  the  actual  causal  agent  is  unknown. 

I.  Malarial  Theory. —All  the  older  writers  attributed  black- 
water  fever  to  malaria,  for  the  following  reasons  : 

(i)  It  exists  wherever  there  is  severe  malaria,  and  is  not  found 
where  this  is  absent.  The  classical  reference  is  to  the  disease  in 
South  Italy,  where  malaria  causes  a  mortality  of  7  to  10  per  1,000, 
and  blackwater  is  common,  and  North  Italy,  where  the  malarial 
mortality  is  i  per  10,000,  and  blackwater  is  rare. 

(2)  The  people  attacked  have  always  suffered  from  malarial 
fever,  generally  having  had  several  attacks. 

(3)  According  to  Stephens,  the  blood  examined  the  day  before 
the  haemoglobinuria  appears  contains  malarial  parasites  in  95- 6  per 
cent,  of  the  cases  ;  while  on  the  day  of  the  attack  only  6i'9  per  cent., 
and  on  the  day  after  the  attack  only  17-1  per  cent,  were  similarly 
affected. 

(4)  If  the  parasites  of  malaria  cannot  be  found,  haemozoin  can 
be  seen  in  the  leucocytes,  and  an  increase  in  the  percentage  of  the 
large  mononuclears  noted.  Thus  Stephens  and  Christophers  saw 
parasites  in  only  I2'5.per  cent,  of  their  cases,  but  with  the  other 
two  factors  proved  malarial  infection  in  93  8  per  cent.  The  few 
cases  in  which  parasites  could  not  be  found  had  been  previously 
treated  with  quinine. 

(5)  De  Blasi  has  definitely  proved  the  presence  of  a  hemolysin 
in  persons  suffering  from  malaria. 

(6)  Persons  attacked  have  usually  lived,  a  long  time  in  the 
tropics. 

There  is  not  the  slightest  doubt  that  malaria  causes  a  great  de- 
struction of  red  cells,  and  that  the  haemoglobin  set  free  in  this  way 
is .  manufactured  into  bile  ;  and,  theoretically,  it  is  not  impossible 
for  this  conversion  into  bile  to  be  incapable  of  coping  with  the 
haemoglobin  set  free,  and  thus  leaving  a  haemoglobinsemia  which 
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becomes  a  haemoglobinuria.  If  that  be  so,  then  every  pernicious 
attack  of  malaria  in  which  the  blood  is  swarming  with  parasites 
ought  to  produce  hsemoglobinuria,  but  this  is  not  the  case.  Donovan 
suggests  that  the  disease  may  be  due  to  a  Laverania  different  from 
L.  malaricR. 

There  must,  therefore,  be  some  other  factor  than  pure  malaria 
to  account  for  the  disease. 

2.  Quinine  Theory. — Quinine  was  first  mentioned  as  a  cause  of 
blackwater  fever  by  Veritas  in  Greece  in  1858  ;  next  by  Toma- 
selli  in  Catania  in  1874 ;  and  later  by  Grocco  and  other  Italian 
and  Greek  observers.  More  recently,  Plehn  and  Koch  have  strongly 
supported  this  theory. 

The  facts  in  its  favour  are  : 

(i)  There  are  people  in  whom  a  dose  of  quinine  will  produce 
hsemoglobinuria. 

(2)  Quinine  has  a  slight  haemolytic  power,  and  Koch  has  noted  a 
diminution  of  red  cells  after  its  administration.  Experimentally, 
hjemolysis  can  be  produced  in  healthy  and  malarial  blood. 

(3)  According  to  Marchoux,  quinine  in  haemoglobinuria  is  locked 
up  in  the  tissues,  and  does  not  appear  in  the  urine  till  after  the 
attack. 

There  can  be  no  doubt — and  we  can  peirsonally  bear  testimony — 
that  quinine  sulphate  can,  in  certain  people,  produce  hsemoglobin- 
uria ;  but  these  are  not  healthy  people.  On  the  contrary,  they 
are  already  suffering  f j;om  malarial  cachexia  or  chronic  malaria. 

3.  Malaria,  together  with  some  other  Factor. — As  meJaria  by  itself 
has  proved  rather  weak  setiologically,  some  other  factor  has  been 
brought  in  to  support  it.  Thus  Corre  suggested  chills,  Berenger- 
Feraud  mercury,  and  others  acute  and  chronic  alcoholism,  syphilis, 
severe  muscular  exertion,  mental  excitement,  and  change  of 
climate. 

•  More  recently  Stephens  has  supported  the  theory  that  the 
disease  is  malarial,  aided  by  a  second  factor — viz.,  quinine. 

In  his  most  recent  article  in  Osier's  '  System  of  Medicine ' 
Stephens  sums  up  his  view :  '  Blackwater  is  not  a  disease  per  se, 
but  rather  a  condition  of  blood  in  which  quinine,  other  drugs,  cold, 
or  even  exertion,  may  produce  a  sudden  destruction  of  red  cells. 
The  condition  is  produced  only  by  malaria,  and  generally  by  re- 
peated slight  attacks,  insufficiently  combated  by  quinine.  In  such 
cases  of  chronic  malaria — i.e.,  in  those  suffering  from  ansemia,  with 
repeated  attacks  of  fever  and  repeated  doses  of  quinine — black- 
water  fever  sooner  or  later  almost  certainly  supervenes — at  least, 
in  tropical  climates.' 

These  statements  are  too  sweeping,  otherwise  the  home  of  the 
disease  would  be  Ceylon,  whereas  it  is  so  rare  that  we  have  never 
heard  of  a  genuine  non-imported  case  ;  for  in  this  island  there  are 
Europeans  and  natives  with  just  the  conditions  required  by  Stephens, 
and  yet  they  do  not  develop  blackwater  fever. 

On  the  other  hand,  a  man  comes  to  Ceylon  from  Africa  and 
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quickly  develops  blackwater,  and  dies,  while  another  man  from 
Africa,  clearly  suffering  from  chronic  malaria,  assures  you  that  he 
has  blackwater  after  every  dose  of  quinine. 

Stephens  accounts  for  the  difference  between  India  and  Africa 
as  regards  blackwater  fever  by  the  common  malarial  parasite  being 
the  tertian  in  India  and  the  subtertian  in  Africa.  Certainly  the 
tertian  is  very  common  in  Ceylon,  though  the  subtertian  is  also 
frequently  found.  There  is  no  doubt  about  the  fact  that  quinine 
can  cause  hsemoglobinuria  in  people  infected  with  malaria,  but  the 
connection  between  the  two  requires  to  be  explained.  According 
to  M'Cay,  who  has  carefully  investigated  the  action  of  quinine 
in  causing  hsemoglobinuria,  sulphuric  acid  and  the  sulphates  cause 
a  decrease  in  the  total  inorganic  salts  of  the  plasma,  which  he 
thinks  implies  a  decrease  in  its  osmotic  tension.  Water,  therefore, 
passes  into  the  red  cells,  causing  them  to  swell  up,  and,  if  the 
decrease  in  osmotic  tension  of  the  plasma  is  sufficient,  to  burst. 

He  considers  that  the  causation  of  blackwater  fever  is  three- 
fold : 

(i)  Injury  to  the  stroma  of  the  red  cell  by  the  malarial  parasite. 

(2)  The  action  of  the  malarial  hsemolysin. 

(3)  The  administration  of  sulphates. 

He  thinks  that,  though  the  first  and  second  causes  may  bring 
about  the  disease,  still  quinine  sulphate  or  any  other  sulphate,  by 
its  action  on  the  plasma,  is  the  exciting  cause  if  the  former  are 
ineffectual.  On  the  other  hand,  he  finds  that  chlorides  cause  an 
increase  of  the  resisting  power  of  the  erythrocytes  to  haemolysis. 
Quinine  hydrochloride,  especially  when  combined  with  sodium 
chloride  and  dilute  hydrochloric  acid,  causes  usually  a  marked  rise 
in  the  resistance.  Therefore,  according  to  him,  it  is  not  the  quinine, 
but  the  sulphuric  acid  in  the  form  of  quinine  sulphate,  which 
produces  the  hsemolytic  action.  In  addition  to  sulphates,  M'Cay 
found  that  alkaline  carbonates,  compounds  of  alkalis  with  vegetal 
acids  and  potassium  salts,  diminished  the  inorganic  molecules  of 
the  plasma,  thus  tending  to  help  haemolysis.  We  have,  however, 
seen  hsemoglobinuria  following  the  administration  of  euquinine, 
the  hydrochloride,  and  even  the  tannate  of  quinine.  The  obvious 
inference  from  these  experiments  would  be  that  quinine  should  be 
administered  only  as  the  hydrochloride  or  bihydrochloride. 

4.  Unknown  Agent. — Sir  Patrick  Manson,  in  1893,  first  promul- 
gated the  theory  that  blackwater  fever  was  a  disease  distinct  from 
malaria,  and  supported  this  by  the  peculiar  distribution  of  the 
disease,  which  is  widespread  in  tropical  Africa,  and  very  local  in 
India. 

Sambon,  in  1898,  having  in  mind  the  haemoglobinuric  fevers  of 
animals,  brought  forward  the  theory  that  human  blackwater  fever 
would  probably  be  found  to  be  a  babesiasis.  Up  to  the  time  of 
writing,  however,  no  such  parasite  has  been  described. 

The  parasites  which  have  been  described  are  a  bacillus  by  Yersin 
in  the  renal  epithelium,  which  has  since  been  shown  to  be  the 
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Bacillus  colt  communis  ;  a  blood  parasite  by  F.  Plehn,  which  he  no' 
identifies  with  the  subtertian  malarial  parasite  ;  and  a  double 
contoured  parasite  in  the  red  corpuscles  by  Fisch,  which  has  no 
been  confirmed. 

In  our  opinion  blackwater  fever  is  a  disease  of  its  own,  thoug 
we  freely  admit  the  existence  of  haemoglobinuria  from  quinine  a 
well  as  from  other  drugs. 

Predisposing  Causes. — ^The  predisposing  causes  of  blackwater  feve 
appear  to  be  first  racial,  second  bodily.  With  regard  to  the  firsi 
the  immigrant  European  suffers  more  than  the  n.ative  race,  thoug] 
the  disease  also  attacks  natives  and  half-castes.  This  racial  dis 
tinction  is,  therefore,  probably  due  to  some  acquired  or  inherite( 
immunity.  It  is  said  that  a  person  is  usually  not  attacked  unti 
after  residence  for  at  least  a  year  in  the  endemic  area. 

The  second  series  of  predisposing  causes  appear  to  be  anything 
which  lowers  the  vitality  of  the  body — cold,  change  of  cHmate 
another  disease — e.g.,  malaria,  syphilis — or  certain  drugs. 

Pathology. — As  the  aetiology  of  the  disease  is  uncertain,  the 
pathogenesis  is  also  little  understood.  Working  on  the  theory  thai 
the  disease  is  of  malarial  origin,  Christophers  and  Bentley  hav« 
brought  forward  an  explanation  of  the  pathology.  Their  views  maj 
be  summarized  as  follows  : 

Laverania  malarice,  the  subtertian  parasite,  acts  upon  the  endo- 
thelial cells  of  the  blood  capillaries  of  various  organs,  but  especially 
upon  those  of  the  spleen  and  liver,  stimulating  them  to  excessive 
destruction  (erythrokatalysis)  of  red  blood  cells  by  phagocytosis. 

l~his  phagoi;ytosis  results  in  the  production  of  an  auto-hsemolysin 
of  the  nature  of  a  hsemolytic  amboceptor,  which  is  retained  in  the 
endothelial  cells  until  set  free  by  some  exciting  cause,  which  may 
be  a  chill,  overexertion,  etc.  The  result  of  this  excitation  is  tc 
suddenly  set  free  in  quantity  this  haemolysin,  which  destroys  the 
red  cells  by  solution  in  the  plasma  (lysasmia),  principally  in  the 
blood  of  the  liver  and  kidney,  and  to  a  less  extent  in  that  of  the 
spleen. 

The  lyssemia  produces  hsemoglobinaemia,  which  is  best  demon- 
strated by  receiving  the  blood  into  hypertonic  citrate  solution,  and 
then  centrifugalizing,  when  the  serum  is  observed  to  be  of  an 
orange,  rarely  of  a  reddish,  colour.  The  amount  of  haemoglobin 
present  in  this  condition  was  estimated  by  Christophers  and  Bentley 
to  be  from  i  to  3-75  per  cent,  of  that  present  in  normal  blood.  This 
haemoglobin  quickly  appears  in  the  urine  as  oxyhaemoglobin, 
which  may  become  methaemoglobin  on  standing.  All  the  haemo- 
globin probably  does  not  escape  by  the  kidney,  for  there  is  evidence 
of  increased  production  of  bile,  and  it  is  possible  that  only  such 
quantity  as  the  liver  is  incapable  of  converting  into  bile  appears  in 
the  urine.  It  is,  however,  by  no  means  certain  whether  the  pigment 
escapes  only  by  the  glomeruli  or  through  the  tubules,  or  by  both, 
and  it  is  also  uncertain  whether  the  haemoglobin  can  pass  through 
the  cells  of  a  normal  kidney. 
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Morbid  Anatomy.— There  are  three  ^  cardinal  features  in  the 
morbid  anatomy  of  a  case  which  has  died  during  hsemoglobinuria, 
and  these  are :  (i)  Jaundice  of  the  tissues  ;  (2)  Hquid  blood ; 
(3)  swollen  congested  kidneys.  In  addition,  there  will  generally 
be  the  signs  of  acute  or  chronic  malaria  in  the  liver,  spleen,  and 
bone-marrQw. 

On  making  the  post-mortem,  the  yellow  staining  of  the  skin  and 
organs  is  most  marked.  The  kidneys  are  enlarged,  dark  red  to  black 
in  colour,  while  microscopically  they  show  degeneration  of  the 
epithelium  of  the  convoluted  and  other  tubules,  the  lumen  of  which 
is  filled  with  granular  material,  while  the  glomeruH  may  contain 
granular  material,  and  show  desquainated  capsular  cells. 

The  liver  is  enlarged,  and  the  gall-bladder  full  of  inspissated  bile. 
Microscopically,  areas  of  necrosis,  with  thrombi  in  the  sublobular 
veins  and  quantities  of  hsemosiderin  in  the  cells,  many  of  which  may 
be  in  a  state  of  fatty  degeneration,  are  to  be  seen. 

The  stomach  and  small  intestine  is  often  hyperaemic,  and  the 
bone-marrow  is  yellowish,  and  either  fluid  or  gelatinous. 

The  Blood. — The  blood  is  thin  and  watery-,  and  there  may  be 
hsemoglobinasmia  and  cholsemia,  with  lessened  tonicity.  The  red 
cells  and  haemoglobin  are  greatly  reduced,  and  the  former  may 
include  shadow  cells  and  small  fragments  of  cells,  and  deep  staining 
round  cells  (spherocytes)  in  the  early  stages,  and  later  may  show 
degenerative  changes  such  as  polychromatophilia  and  basophilia, 
while  megaloblasts  and  normoblasts  are  present.  Malarial  parasites 
or  pigment  may  be  seen. 

During  the  fever  there  is  marked  leucocytosis,  with  great  poly- 
morphonuclear increase,  but  when  the  fever  disappears  there  is 
leucopaenia,  with  a  mononuclear  increase. 

The  Urine. — ^The  urine  is  dark  red  to  brownish  yellow  in  colour, 
becoming  sometimes  black,  like  stout,  the  reddish  tinge  not  being 
seen  until  it  is  diluted,  and  shows  with  the  spectroscope  the  absorp- 
tion of  bands  of  oxy-  or  methaemoglobin — the  latter  only  if  the 
urine  has  stood  some  time.  The  reaction  is  faintly  alkaline,  and 
the  specific  gravity  is  often  less  than  normal.  A  considerable 
amount  of  sediment  falls  when  the  urine  is  left  to  stand.  This 
sediment  is  composed  of  dark-.brown  granular  material,  which 
is  the  debris  of  the  broken-down  red  cells,  very  few  of  which  remain 
intact.  Hsematoidin  crystals  are  sometimes  met  with.  On  boiling 
the  urine,  and  then  allowing  it  to  stand  for  some  time,  a  bright 
purple  colour  develops  (Plehn's  reaction).  If  some  of  the  urine  is 
made  alkaline  with  potash  and  then  boiled,  a  purple  colour,  due  to 
haemochromogen,  is  produced  (Stephens  and  Christophers'  reaction). 
The  urine  resists  decomposition  for  some  time. 

The  presence  of  urobilin  can  be  detected  by  acidulating  with  a 
little  acetic  acid,  extracting  with  amyl  alcohol,  and  examining  with 
a  spectroscope,  v/hen  a  broad  band  to  the  red  side  of  F.  will  be 
seen.  Bile  pigments  are  seldom  present,  and  may  be  recognized 
by   Gmelin's   or   Marechal's   reactions.     There   is   a   considerable 


694  BLACKWATER  FEVER 

amount  of  albumin  present  in  the  form  of  serum  alburnin,  serun 
globulin,  and  nucleo  albumin.  Phosphates  are  said  to  bi 
diminished.  The  haemosozic  value  is  higher -than  that  of  the  rec 
corpuscles  of  the  blood. 

Symptomatology. — Usually  the  patient  has  resided  six  months  o] 
longer  in  one  of  the  regions  mentioned  above,  and  naturally  has  hac 
attacks  of  malarial  fever,  and  has  taken  quinine. 

Prodromata. — Prodromata  may  be  almost  entirely  absent,  bui 
usually  the  patient  complains  of  lassitude,  pains  all  over  the  body 
loss  of  appetite,  restlessness  at  night,  and  an  entire  lack  of  energ) 
during  the  day,  and  a  yellowish  tinge  may  be  noted  in  the  con 
junctivse  or  skin  for  a  day  or  so. 

Attack.^Suddenly  the  patient  feels  chilly,  and  shivering  fits  maj 
occur,  accompanied  by  headache,  severe  pains  in  the  back  anc 
legs,  and  an  intense  feeling  of  weakness  and  nausea,  which,  as  a 
rule,  quickly  ends  in  retching  and  then  vomiting,  first  of  food,  and 
then  of  green  bile.  The  tongue  is  coated  with  a  dirty-yellowish  fur, 
and  there  is  much  thirst  and  constipation,  the  faeces  at  first  being 
dark-coloured,  and  often  scybalous. 

The  liver  and  spleen  are  enlarged  and  tender  ;  the  skin  is  hot  and 
dry,  and  if  not  already  tinged  yellow,  rapidly  becomes  so,  deepening 
in  tint  as  time  goes  on.  It  is  said  that  itching  is  sometimes  felt, 
but  we  have  never  noted  this.  The  conjunctivae  are  tinged  yellow, 
like  the  skin.  The  temperature  rises  quickly  to  103°  or  104°  F.. 
and  the  pulse  is  regular,  rapid,  small,  and  compressible.  At  first 
the  urine  may  appear  normal,  but  sooner  or  later  the  characteristic 
stout-like  colour  appears,  with  pains  in  the  back  and  burning  sen- 
sations in  the  urethra.  On  the  other  hand,  this  may  be  the  firsi 
feature  of  the  attack,  and  causes  the  patient  to  send  at  once  for  the 
doctor,  though  he  may  not  at  the  time  feel  ill,  or  it  may  occur  at  the 
height  of  the  fever,  as  Kelsch  points  out. 

The  mind  may  be  clear  or  the  patient  may  be  brought  to  the 
hospital  quite  unconscious,  and  may  remain  so  for  days,  or  dehriun 
may  set  in.  After  a  few.  hours'  perspiration  appears,  and  the 
temperature  remits  to  about  100°  F.,  the  urine  clears,  and  a  mile 
case  may  recover,  while  in  a  severe  case,  instead  of  the  remission 
hyperpyrexia,  coma,  and  death  may  ensue. 

Usually,  however,  after  the  remission  the  temperature  again  rises 
(Daniel's  post-haemoglobinuric  fever),  and  the  shiverings,  vomitings 
and  pains  return,  while  diarrhoea,  with  motions  full  of  bile,  and 
sometimes  also  with  blood  or  haemoglobin,  comes  on.  A  motior 
with  haemoglobin  may  present  a  most  striking  appearance,  being 
mainly  green  in  colour,  with  a  reddish  deposit  on  the  surface. 

This  second  paroxysm  may  be  the  last,  or  it  may  be  sue 
ceeded  by  several  others,  after  which  the  patient  may  recover 
On  the  other  hand,  he  may  die  during  these  attacks  fron 
exhaustion,  or  from  hyperpyrexia  and  coma,  or  from  anuria  anc 
uraemia. 

After  the  attacks  the  patient  is  exceedingly  weak,   and  con 
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valescence  is  protracted,  and  is  liable  to  be  complicated  at  any  tim 
with  anuria,  leading  to  fatal  uraemia. 

Varieties. — Kelsch  and  Kiener  recognize  two  distinct  types — 
mild  and  a  severe — of  which  the  latter  is  subdivided  into  three- 
viz.,  the  ordinary  severe,  a  fulminating  with  a  rapidly  fatal  issue 
and  a  ursemic  type. 

Complications. — ^The  most  usual  complication  is  the  passage  c 
hsemoglobin  or  blood  per  anum,  giving  rise  to  '  dysenteric  motions, 
as  they  are  often  called.  Inflammation  of  the  tonsils  and  salivar 
glands  has  been  noted. 

Sequelae. — ^There  is  nearly  always  grave  anaemia  and  much  weak 
ness  as  the  result  of  an  attack,  with  often  stomach  and  intestina 
derangements,  but  of  all,  the  most  serious  is  nephritis,  leading  t 
uraemia. 

Diagnosis. — Blackwater  fever  is  easily  recognized,  as  a  rule,  an( 
the  only  disease  with  which  it  could  be  confounded  is  yellow  fevei 
in  which,  however,  there  is  never  haemoglobinuria.  Acute  yello^ 
atrophy  of  the  liver  and  Weil's  disease  are  easily  distinguished  b; 
the  urine.  • 

Prognosis. — ^The  mortality  in  our  experience  varies  greatly,  bein 
very  high  in  some  epidemics  and  low  in  others.  The  mortalitie 
given  by  Skelton  are  as  follows  :  F.  Plehn,  4  per  cent.  ;  A.  Plehi) 
6-8  per  cent.  ;  Stendel,  16  to  17  per  cent.  ;  Koch,  21  per  cent. 
Berenger-Feraud,  23  to  24  per  cent.  ;  Schellong,  42  per  cent. 
Reynolds,  50  per  cent. 

Bad  signs  are : 

1.  Persistent  vomiting. 

2.  Hiccough. 

3.  Profuse  diarrhoea. 

4.  High  fever. 

5.  Sudden  decrease  in  the  tension  and  increase  in  the  fre 

quency  of  the  pulse. 

6.  Diminution  or  cessation  of  urine. 

7.  Coma. 
Good  signs  are  : 

1.  Little  gastro-intestinal  disturbance. 

2.  Low  temperature. 

3.  Good  pulse. 

4.  Clear  mind. 

It  is  usually  said  that  a  person  should  not  return  to  the  tropic 
after  suffering  from  blackwater  fever,  but  many  people  do  return 
and  appear  to  remain  in  excellent  health.  Of  course,  there  is  th( 
great  risk  of  further  attacks. 

Treatment.— In  treating  the  disease,  the  important  features  to  b( 
remembered  are  that  the  patients  are  generally  mfected  witl 
malaria  •  that  they  suffer  from  a  great  blood  destruction,  and  there 
fore  from  great  weakness ;  that,  as  a  result  of  the  blood  destruction 
a  severe  strain  is  thrown  on  the  hver  and  kidneys ;  and  that  th( 
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ktter  are  apt  to  be  damaged  by  the  hffimoglobin.  In  fact,  sorrn 
people  think  that  the  haemolysis  takes  place  in  the  kidney,  but  ii 
any  case  there  is  danger  of  blocking  of  the  renal  tubules,  of  nephritis 
anuria,  and  uraemia.     Lastly,  the  disease  is  apt  to  relapse. 

From  the  very  commencement,  no  matter  how  mild  the  symptom; 
may  be,  the  patient  must  be  put  to  rest  in  bed,  and  have  carefu 
nursing.  Another  most  important  matter  is  to  flush  out  th( 
kidneys,  and  this  should  be  done  by  getting  water  into  the  systen 
in  some  way.  If  the  patient  can  take  liquids  by  the  mouth,  us( 
Sauerbrunnen,  soda-water,  albumin-water,  whey,  cold  or  warm  tea 
barley-water,  or  toast-water,  in  quantity. 

If  the  vomiting  is  such  that  hquids  are  not  retained,  try  salin( 
injections  by  the  rectum,  and  if  this  cannot  be  done  because  o 
diarrhoea,  use  saline  subcutaneous  injections  as  described  ir 
malaria.  It  is  also  most  necessary  to  keep  up  the  heart's  actioi 
and  the  blood-pressure,  and  since  1897  we  have  used  hypodermic 
injections  of  digitalin,  and  at  times  also  of  ergotin,  for  this  purpose 
The  digitalin  also  helps  the  renal  secretion. 

The  condition  of  the  stomach,  liver,  and  kidneys  may  counter- 
indicate  stimulants  at  times,  but  there  is  no  doubt  of  the  value  o: 
champagne  and  brandy  when  it  can  be  administered.  Chlorides,  ir 
the  form  of  sodium  chloride  or,  better,  calcium  chloride,  should  b( 
given,  in  order  to  increase  the  tonicity  of  the  blood.  Calciurr 
chloride  may  be  given  in  doses  of  gr.  xv.  to  xxx.,  well  diluted,  everj 
four  hours,  but  care  must  be  taken  not  to  prolong  the  administra- 
tion more  than  a  few  days.  In  bad  cases  Billet  recommends  sub- 
cutaneous injections  of  100  to  200  c.c.  of  the  following  mixture  : 

Calcium  chloride    . .  . .  . .  .  .     4  to  5  grammes, 

!  Sodium  chloride     . .  . .  .  .  .  .      10  grammes,' 

Distilled  water       .  .  .  .  .  .  . .      i  ,000  grammes, 

two  or  three  times  in  the  twenty-four  hours. 

Calcium  chloride  has  a  tonic  effect  on  the  heart,  and  acts  also  or 
the  renal  cells,  and  is  therefore  very  suitable  for  the  treatment  0: 
this  disease. 

If  malarial  parasites  are  found  in  the  blood,  they  should  be  treatec 
by  intramuscular  injections  of  quinine  bihydrochloride,  but  nc 
sulphate  or  bisulphate  of  quinine  should  be  administered.  I 
quinine  be  administered  by  the  mouth,  the  tannate  is  the  mos 
suitable  preparation.  It  is  advisable  to  give  the  quinine  according 
to  Nocht's  method — that  is  to  say,  in  minute  doses  (2|  grains 
often  repeated. 

The  vomiting  should  be  treated  as  in  malaria,  and  constipatior 
with  calomel  and  enemata. 

The  pain  in  the  back  caused  by  the  irritated  kidneys  when  haemo 
globinuria  is  taking  place  may  be  relieved  by  fomentations,  or,  i 
necessary,  by  a  hypodermic  injection  of  morphia,  which,  indeed 
relieves  many  symptoms.  If  anuria  sets  in,  the  skin  must  b( 
made    to^  act   by  vapour   bath,s   before  which   a  hypodermic  0; 
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•pilocarpine  may  be  given,  or  by  cupping  over  the  kidneys,  and  fn 
purgation. 

Headache  may  be  relieved  by  cool  applications  to  the  head. 

Dr.  O'Sullivan-Beare  strongly  recommends  the  decoction  or  the  flu 
extract  of  the  root  of  Cassia  bearcana  Holmes  ;  the  latter  can  be  obtainc 
from  T.  Christy  and  Sons,  Old  Swan  Lane,  Upper  Thames  Street,  Londo 
and  should  be  administered  in  i  fluid  drachm,  well  diluted  with  water,'  evei 
two  hours  at  first,  and  afterwards  at  longer  intervals.  We  have  no  expei 
ence  of  this  drug,  but  its  introducer  praises  it  highly,  stating  that  it  reliev 
all  the  symptoms  quickly.  Skelton  says  he  has  never  seen  it  do  any  goo 
but  that  it  does  no  harm. 

So  well  is  the  disease  known  in  West  Africa  that  several  native  remedi 
exist. 

With  regard  to  other  drugs,  atoxyl  is  said  to  be  useless.  Cautley  has  usi 
turpentine  in  mild  attacks. 

,^;;__^^Hearnsey  has  recommended  liquor  hydrargyri  perchlori 
gc.  XXX.,  sodii  bicarbonate  gr.  x.,  every  two  or  four  hours. 

Diet. — ^The  diet  must  be  fluid,  preferably  in  the  form  of  whe 
milk,  chicken  broth,  albumin-water,  and  Banger's  food  ;  but  stroi 
meat-extracts  should  be  avoided. 

If  the  vomiting  is  troublesome,  and  there  is  no  diarrhoea,  red 
feeding  might  be  tried.     Plenty  of  aerated  water  should  be  allowe 

Climate. — A  patient  will  require  a  change  to  a  temperate  climal 
in  order  to  recuperate  after  a  severe  attack. 

Prophylaxis. — Very  little  can  be  said  with  regard  to  the  proph 
Jaxis,  as  the  knowledge  of  the  aetiology  is  incomplete.  As  blac 
water  fever  generally  develops  in  persons  who  have  suffered  fro 
malaria,  quinine  prophylaxis  should  be  carried  out  in  the  mauE 
already  described  in  the  chapter  on  Malaria,  attacks  of  malai 
being  "treated  by  quinine  tannate  in  small  repeated  doses,  or  t 
drug  should  be  preceded  by  a  dose  of  calcium  chloride. 
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CHAPTER  XXV 
THE   RELAPSING   FEVERS 

The  relapsing  fevers— The  relapsing  fever  of  Europe— The  relapsing  fever 
of  America— The. relapsing  fever  of  India— The  relapsing  fever  of  Africa  — 
References. 

The  term  '  relapsing  fever  '  includes  several  diseases  caused  by 
different  spirochaetes— for  example,  the  European  relapsing  fever 
is  caused  by  SpirochcBta  recurrentis,  the  American  by  S.  novyi,  the 
African  by  S.  duttoni,  while  that  in  India  is  due  to  S.  carteri.  'The 
relapsing  fever  of  Egypt  appears  to  us  to  require  further  investiga- 
tion with  reference  to  whether  the  disease  is  caused  by  S.  recurrentis 
or  by  some  other  variety^  and  the  same  remark  holds  good  for  the 
Southern  China  and  South  American  relapsing  fevers.  We  there- 
fore recognize  at  present  four  principal  types  of  relapsing  fever 
— viz.  : 

The  relapsing  fever  of  Europe  ; 

,,  ,,  America  ; 

J,  „  India ; 

„  „  Africa ; 

but  we  are  not  certain  that  other  types  may  not  be  differentiated 
later,  as  Frankel  has  apparently  done  recently  with  regard  to  an 
East  African  type. 

Marchoux,  in  drawing  attention  to  the  loss  of  virulence  in  S.  marchouxi, 
when  passed  directly  through  a  succession  of  fowls,  points  out  that  in  nature 
this  virulence  is  maintained  by  passage  through  the  tick  Argas  persicus,  and 
he  suggests  that  there  may  be  a  common  type  for  all  the  blood  spirochaetes, 
which  may  be  merely  varieties  whose  pathogenic  powers  have  been  fixed  by 
being  transmitted  by  various  arthropods.  Hence,  perhaps,  the  variations 
seen  in  the  Spirochsetae  of  relapsing  fever  in  man. 

THE  RELAPSING  FEVER  OF  EUROPE. 

Synonyms — English. — Febris  Recurrens,  Five  Days'  fever,  Spir- 
illum fever,  Five  Days'  fever  with  relapses,  Typhus  Recurrens, 
Seven  Days'  fever  (not  Rogers'),  Icteric  Typhus,  Remittent  fever. 
Bilious  Typhoid,  Epidemic  Remittent  fever.  Miliary  fever,  Re- 
lapsing  fever.     French. — Fievre    a  Rechute.     German. — Riickfall- 
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fieber,  Die  Hungerpeste.    Italian.— Febhre  Ricorrente.    Egyptian.  — 
Homa  el  Hugga,  Homa  el  Naxy,  Naushah. 

Definition, — An  acute  specific  relapsing  fever,  caused  by  Spiro- 
chcBta  recurrentis  Lebert  1874,  and  perhaps  spread  by  some  blood- 
sucking animal — possibly  by  Cimex  lectularius  Linnaeus. 

History. — Hippocrates  was  the  first  writer  to  describe  an  epidemic 
of  relapsing  fever  in  Thasos,  but  this  knowledge  was  entirely  lost, 
and  the  reference  was  not  understood  until  after  relapsing  feyer 
was  properly  defined.  Strother  and  other  observers  refer  to  fevers 
with  relapses  in  London  and  in  Ireland  in  the  eighteenth  century, 
and  the  surgeons  of  Napoleon's  army  in  Egypt  recognized  a  fever 
with  recurrences.  In  1826-27  there  was  an  epidemic  of  fever  in 
the  United  Kingdom,  during  which  it  was  recognized  that  there 
were  two  distinct  types  of  typhus — viz.,  a  mild  and  a  severe.  In 
1842  this  mild  type  again  appeared  in  Scotland,  and,  to  a  lesser 
extent,  in  England,  and  continued  in  the  years  1843,  1846,  and  1847. 
In  1843  Henderson,  of  Edinburgh,  defined  this  mild  type  as  a  fever 
distinct  from  typhus.  About  the  same  time  it  was  recognized  in 
Germany,  and  later  by  Griesinger  (1851)  in  Egypt  as  bilious 
typhoid,  and  somewhat  later  in  Russia. 

In  1868  there  was  an  epidemic  in  Berlin,  when  Obermeyer,  one 
of  Virchow's  assistants,  first  saw  a  spirochsete  in  the  blood  of  a 
patient ;  but  he  does  not  appear  to  have  been  very  certain  about 
this  at  the  time,  for  he  waited  till  the  next  epidemic  in  1872,  and 
even  then  did  not  publish  his  account  till  1873.  This  spirochaete 
was  named  S. .  recurrens  by  Lebert  in  1874,  and  S.  obermeyeri  by 
Cohn  in  1875,  and  was  proved  by  Miinch,  of  Moscow,  to  be  the 
cause  of  the  disease  by  the  successful  inoculation  of  blood  containing 
the  spirochsetes  into  healthy  human  beings — an  experiment  which 
has  since  often  been  repeated  accidentally  at  post-mortems.  It  has 
been  inoculated  with  success  by  Metchnikoff  and  others  into 
monkeys  and  mice.  In  1888  Sakharoff  suggested  that  this  organism 
was  a  protozoon — a  view  which  increasing  knowledge  tends  to 
support. 

In  Russia,  where  the  disease  has  been  well  known  since  1863, 
there  is  a  popular  belief  that  it  is  spread  by  the  bed-bug  Cimex 
lectularius  L.,  which  belief  was  supported  by  Fliigge  in  1891.  In 
1897  Tictin  found  that  he  could  infect  monkeys' by  inoculation  of 
the  blood  obtained  by  crushing  bugs  which  had  very  recently  been 
fed  on  a  patient — i.e.,  within  forty-eight  hours. 

Spirochaetes  have  been  found  in  bugs  during  relapsing  fever 
epidemics  by  Karlinski  in  igo2,  and  later  by  Schaudinn.  Nuttall 
has  successfully  transmitted  5.  recurrentis  from  mouse  to  mouse 
by  the  bites  of  bugs.  Donitz's  hypothesis,  that  5.  recurrentis  is 
conveyed  by  ticks,  has  not  been  supported  by  experiments. 

Climatology. — The  disease  is  endemic  in  Russia,  Ireland,  Turkey, 
Denmark,  Norway,  Bohemia,  and  in  some  parts  of  Poland  and 
Germany,  while  the  same  or  a  similar  type  is  found  in  Lower  Egypt, 
in  Southern  China,  and  perhaps  in  the  Philippines.     There,  how- 
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ever   appears  to  be  some  doubt  about  the  presence  of  the  disease 

0.1pr'?^^; f^' '  .*t^  .^''*''°"*y  ^""^  th^  statement  is  McCrae,  in 
Uslers    System  of  Mediane. 

T«?*i°'°Q^^"~1^'l^yP®°*  relapsing  fever  is  caused  hy  S .  recurrentis 
L-ebert  1874  which  is  generally  to  be  found  in  the  peripheral  blood 
during  the  attacks,  but  is  usually  absent  in  the  apyrexial  interval, 
search    ''^"'^'^''^^^   ™^y  occasionally  be  found  after  prolonged 

This  spirochaete  is  carried  from  the  sick  to  the  healthy  probably 
by  some  blood-sucker— possibly  in  some  cases  by  the  bed-bu? 
Cimex  lectulanus  L.  It  can  also  be  spread  by  direct  inoculations 
such  as  may  take  place  accidentally  in  laboratories  or  at  post- 
mortems. ^ 

Pathology.— The  life-history  of  S.  recurrentis  is  but  little  known 
and  rnay  possibly  resemble  that  of  5.  duttoni,  which  has  already 
been  described.  The  presence  of  the  spirochsetes  in  the  blood  is 
associated  with  fever,  which  must  be  due  to  toxins  produced  by 
these  organisms,  though  the  severity  of  the  symptoms  bears  no 
relationship  to  the  number  of  the  organisms  found  in  the  peri- 
pheral blood.  The  spirochaetes  disappear  from  the  circulation 
when  the  temperature  falls  to  normal.  The  disappearance  of  the 
parasites  from  the  blood  is  brought  about  by  the  presence  of  anti- 
bodies (agglutinins  and  parasiticidal  substances).  In  those  cases, 
•  however,  in  which  relapses  occur,  the  blood  remains  infectious 
during  the  intervals.  This  is  due  to  some  parasites  resisting  the 
action  of  the  antibodies.  These  resistent  spirochetes  after  a  time 
rnultiply  again  in  large  numbers,  giving  rise  to  the  relapse.  Leva- 
diti  and  Roche  have  demonstrated  that  serum  collected  after  a 
first  attack  destroyed  the  spirochaetes  which  caused  the  attack,  but 
had  no  effect  whatever  on  the  spirochaetes  which  caused  the  second 
attack.  The  relapses,  therefore,  are  caused  by  the  survival  of 
resistent  types  of  spirochaetes,  and  recovery  depends  upon  the 
existence  of  protective  substances  in  the  blood.  The  immunity 
acquired  after  one  or  several  attacks  may  last  for  some  weeks  or 
months.  Animals  can  be  hyperimmunized  by  repeated  inocula- 
tions after  recovery  from  the  first  attack.  The  serum  of  such 
hyperimmunized  animals  shows  definite  protective  and  curative 
properties. 

Morbid  Anatomy. — ^The  principal  pathological  feature  of  the  post- 
mortem is  the  enlargement  of  the  liver  and  spleen,  the  latter  organ 
reaching,  it  is  said,  a  weight  of  i  to  2  kilogrammes.  On  section, 
the  spleen  is  dark-coloured  and  soft,  with  enlarged  follicles,  and  on 
microscopical  examination  shows  congestion  and  a  cellular  in- 
crease. The  liver  is  enlarged,  and  its  lobules  are  poorly  defined, 
while  microscopically  cloudy  swelling  and  fatty  infiltration  may  be 
seen,  as  well  as  leucocytic  infiltration  into  the  portal  system.  The 
kidneys  are  enlarged  and  congested,  and  microscopically  show 
cloudy  swelling  and  fatty  degeneration  of  the  cells,  while  the  stomach 
shows  signs  of  inflammation,   and  the  heart  is  soft  and  flabby. 
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The  bronchi  are  generally  congested,  and  contain  frothy  mucus,  and 
the  lungs  show  hypostasis.  The  brain  may  be  congested,  and  all 
the  organs  may  be  stained  yellow  with  bile. 

Symptomatology. — ^The  incubation  is  said  to  vary  between  two 
and  twelve  days,  but  in  accidental  inoculations  it  is  about  seven 
days.  During  this  period  prodromal  symptoms,  in  the  form  of 
slight  malaise,  may  be  felt.  The  onset  is  usually  sudden,  but  it 
may  be  gradual,  the  patient  suffering  from  rheumatic-Hke  pains, 
headache,  and  constipation.  When  it  begins  suddenly,  there  are 
rigors,  with  severe  frontal  headache,  pains  in  the  back  and  limbs, 
epigastric  pain  and  tenderness,  associated  with  a  sense  of  weakness. 
The  face  becomes  flushed,  the  conjunctivae  injected,  and  the 
temperature  rises  to  103°  F.  to  104°  F.,  with  a  pulse-r^te  of 
no  to  130,  quickened  respirations,  and  sometimes  nausea  and 
vomiting. 

The  temperature  continues  high  until  the  sixth  or  seventh  day, 
during  which  period  the  skin  is  yellowish  in  colour,  hot  and  damp 
from  perspiration,  with  often  a  rose-coloured  macular  eruption, 
disappearing  on  pressure,  on  the  thorax,  abdomen,  and  legs,  which 
lasts  for  a  day  or  so.  The  tongue  is  moist,  red  at  the  tip,  and 
covered  with  a  white  fur.  Vomiting  of  greenish-yellow  matter  may 
occur,  but  nausea  is  always  present,  and  thirst  is  common ;  the 
bowels  are  usually  constipated,  and  diarrhoea  is  more  a  complica- 
tion than  a  feature  of  the  disease.  The  liver  is  enlarged  and 
tender,  and  so  is  the  spleen,  which  may  reach  a  considerable  size. 
The  heart-sounds  are  normal,  but  the  pulse-rate  is  quick,  reaching 
120  to  140,  or  even  more,  per  minute  ;  but  it  is  not  dicrotic.  The 
erythrocytes  and  the  haemoglobin  are  reduced  in  amount,  while  a 
polymorphonuclear  leucocytosis  is  present.  Spirochaetes  can  be 
found  in  the  blood,  and  occasionally  can  be  seen  engulfed  by 
leucocytes.  There  is  generally  a  troublesome  cough,  with  scanty 
bronchitic  expectoration,  and  rales,  which  can  be  heard  over  the 
chest  and  trachea.  The  respirations  follow  the  pulse-rate,  being 
increased  to  48  to  50  per  minute  if  the  temperature  is  high.  The 
pains  in  the  muscles  and  joints  continue,  and  sleeplessness  may 
result,  while  a  noisy  delirium  is  not  rare,  but  stupor  is  uncommon. 
The  urine  is  febrile,  and  may  contain  a  little  albumin.  About  the 
sixth  or  seventh  day  the  crisis,  sometimes  ushered  in  by  a  rigor, 
intervenes,  with  violent  perspiration,  or  diarrhoea,  with  or  with- 
out epistaxis,  and  with  a  sudden  rapid  fall  of  temperature,  while 
the  pulse  and  respirations  also  return  to  normal,  and  the  patient 
falls  into  a  deep  sleep,  and  awakens  much  better. 

The  intermission  now  begins,  during  which  the  temperature,  the 
spleen,  and  liver  return  to  normal,  and  the  patient's  strength  slowly 
improves.  The  disease  may  now  end ;  but  this  is  exceptional,  and 
more  usually,  about  the  fourteenth  day  from  the  first  commence- 
ment of  the  illness,  the  relapse  occurs,  beginning  with  a  rigor  and 
symptoms  resembling  the  attack,  but  often  more  severe,  and,  after 
lasting  three  or  four  days,  terminating  in  a  crisis,  which  generally 


DIAGNOSIS  70; 

ends  the  illness.  Very  rarely  is  there  a  second  relapse,  in  which 
case  the  same  symptoms  occur,  but  much  less  severely,  and  a 
third  relapse  is  most  uncommon.  Convalescence  is  sometimes 
slow. 

Complications. — ^The  comphcations  are  numerous,  affecting  th« 
lungs  in  the  form  of  bronchitis  and  pneumonia,  or  the  alimentarj 
canal  as  dysentery,  diarrhoja,  and  hsematemesis  ;  while  cerebra! 
haemorrhage,  conjunctival  hasmorrhage,  iritis,  and  corneal  ulcers, 
have  all  been  recorded. 

Abortion  often  complicates  the  iirst  relapse  in  pregnant  women. 

Diagnosis. — In  the  first  instance,  before  the  relap'sing  charactei 
has  appeared,  the  disease  requires  to  be  diagnosed  from  malaria, 
typhus,  typhoid  fever,  yellow  fever,  and  seven  days'  fever.  The 
principal  positive  signs  indicating  relapsing  fever  are  :  (i)  presence 
of  the  spirochaetes  in  the  blood ;  (2)  agglutination  or  Lowenthal's 
reaction,  which  consists  of  taking  a  drop  of  blood  from  the  suspected 
case  and  adding  it  to  another  drop  of  blood  containing  spirochaetes 
taken  from  a  patient,  mixing  the  two  drops  together,  and  coverin§ 
with  a  cover-glass,  which  is  then  sealed  and  placed  in  an  incubatoi 
at  37°  C.  for  half  an  hour.  A  positive  reaction  is  indicated  by  the 
clumping  of  the  spirochaetes  into  non-motile  masses.  Malaria  car 
be  diagnosed  by  the  discovery  of  the  malarial  parasite  .in  the 
blood. 

Typhoid  is  indicated  by  the  absence  of  marked  leucocytosis 
Widal's  reaction  is  not  of  much  help  during  the  first  week.  Typhus 
can  be  separated  by  the  absence  of  spirochaetes,  by  a  negative 
Lowenthal's  reaction,  and  by  the  presence  of  its  characteristic  rash 
Yellow  fever  can  be  diagnosed  by  its  black  vomit,  though  at  firsi 
the  differentiation  may  be  impossible  without  a  microscopica 
examination  of  the  blood.  Seven  days'  fever  is  characterized  bj 
its  slow  pulse  and,  of  course,  by  the  absence  of  spirochaetes.  Weil's 
disease  may  be  distinguished  by  the  more  marked  jaundice  and  bj 
the  absence  of  spirochaetes. 

Prognosis. — ^The  prognosis  is  usually  favourable.  Marked  jaun- 
dice is  a  bad  sign,  while  pregnant  women  generally  abort.  The 
mortality  appears  to  vary  considerably,  being,  according  to  Mur- 
chison,  only  4  per  cent,  in  the  United  Kingdom  ;  while,  accordm^ 
to  Sandwith,  it  is  14-4  per  cent,  in  Egypt,  which  is  nearly  the  same 
percentage  as  that  reached  in  Russia.  The  causes  of  death  are 
toxtemia  in  the  first  attack,  and  collapse  in  the  first  mtermission 
but  it  may  be  caused  by  one  of  the  above-mentioned  comph 

cations.  .  ,  .  , 

Treatment.— The  treatment  is  symptomatic,  and  consists  o: 
relieving  pains  in  the  head  and  muscles  by  salicylates,  aspirin 
antipyrin,  or  by  quinine.  If  these  pains  are  very  severe,  opruir 
or  a  hypodermic  injection  of  morphia  may  be  necessary  The 
epieastric  pain  may  be  relieved  by  fomentations  sprmkled  witl 
tincture  of  opium,  whUe  vomiting  should  be  treated  with  ice 
champagne  and  bismuth  mixtures,  though  occasionally  morphia  oi 
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codeine  may  be  required.  Effervescing  ammonium  carbonat 
mixtures  are  often  grateful. 

A  dry,  troublesome  cough  may  be  relieved  by  codeine  or  smal 
doses  of  heroin  ;  in  other  cases  an  expectorant  mixture  will  b( 
found  useful.  Constipation  must  be  relieved  by  laxatives  o: 
enemata,  and  high  temperatures  by  cool  sponging,  which,  however 
will  but  seldom  be  required.  The  complications  must  be  met  bj 
the  treatment  laid  down  in  textbooks  on  general  medicine. 

Prophylaxis. — Prophylaxis  should  aim  at  keeping  biting  animals 
such  as  bugs,  from  the  patient,  which  may  be  done  by  furnishing 
hospitals  with  iron  bedsteads,  which  can  readily  be  taken  to  piece; 
and  cleaned,  and  by  strict  cleanliness. 

THE  RELAPSING  FEVER  OF  AMERICA. 

Definition. — An  acute  specific  fever  caused  by  S-piroch/zta  novyt 
Schellach  1907.     Mode  of  infection  not  known. 

History. — -Relapsing  fever  has  been  known  in  America  for  many 
years,  being  recognized  as  far  back  as  1844  ;  but  it  was  considered 
to  be  identical  with  the  European  type  untU,  in  1906,  an  Englishman 
who  repeatedly  travelled  between  New  York  and  the  West  Indies 
was  treated  by  Carlisle  in  New  York  for  fever  which  relapsed,  and 
in  which  spirochsetes  were  found.  Novy  and  Knapp  studied  these 
spirochsetes,  and  showed  that  they  were  distinct  from  5.  duttoni. 
Later,  Mackie  also  studied  them  by  the  agglutination  method,  and 
agreed  with  Novy,  who  had  concluded,  from  morphological  reasons, 
that  they  were  distinct  from  S.  carteri.  Finally,  in  1907,  Manteufel 
compared  them  with  true  S.  recurrentis,  and  found  that  the  serum 
of  a  person  suffering  from  their  type  of  fever  did  not  agglutinate 
true  S.  recurrentis.  Subsequently  Schellach,  after  studying  and 
comparing  the  different  spirochaetes,  named  this  particular  species 
5.  novyi  Schellach  1907,  in  honour  of  its  discoverer. 

Climatology. — ^The  disease  is  known  in  America  and  in  Europe. 
In  America  the  disease  is  acquired  naturally.  In  Europe  the  cases 
recorded  are  due  to  laboratory  infection. 

Symptomatology. — ^The  symptoms  appear  to  be  much  the  same 
as  in  the  European  type  of  fever.  The  incubation  period  seems  to 
be  at  least  five  to  seven  days  in  duration,  though  cases  have  been 
recorded  in  which  symptoms  developed  almost  immediately  after 
exposure  to  infection.  In  experimental  cases  it  varied  between 
six  and  eight  days. 

Mortality. — The  mortality  is  not  high,  varying  between  2  and 
6  per  cent. 

Treatment. — The  treatment  is  the  same  as  in  the  European  type. 

In  South  Afcicft  (Colombia)  a  relapsing  fever  occurs  in  which  the  Spiro- 
chcete  resembles  more  closely  5.  duttoni  than  S.  novyi.  According  to  Robeledo, 
this  parasite  is  carried  by  Ornithodoros  turicatus. 
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THE  RELAPSING  FEVER  OF  INDIA. 

Definition.— An  acute  specific  relapsing  fever  caused  by  SUrochcet 
carten  Manson  1907,  and  spread  by  some  blood-sucker  not  definitel 
known. 

History.— Relapsing  fever  is  one  of  the  endemic  diseases  of  India 
bemg  traceable  back  into  the  eighteenth  century.  The  credit  0 
first  clearly  defining  the  disease,  however,  rests  with  Lyall  in  th. 
epidemic  fever  in  the  Punjaub  in  1852-53  ;  but  Vandyke  Carter 
in  1876-77,  in  the  Bombay  Presidency  found  spirochetes  in  thi 
blood  of  patients  suffering  from  fever,  and  his  work  on  the  subject 
published  in  1882,  is  to  be  regarded  as  the  Indian  classic  on  thi; 
fever.  Schellach,  in  1907,  separated  this  spirochgete  from  S.  re 
currentis  and  5.  novyi  by  finding  that  it  is  not  agglutinated  by  th( 
serum  of  animals  infected  with  these  parasites.  Rogers  points  ou' 
that  the  disease  has  often  been  confounded  with  typhus  fever  ir 
India. 

Climatology. — The  real  home  of  the  disease  appears  to  be  th« 
Bombay  Presidency,  but  it  is  also  known  in  the  Punjaub  and  in  thf 
Kumaon  Hills  of  the  North- Western  Provinces. 

.ffitiology. — ^The  cause  of  the  disease  is  the  spirochaete  found  by 
Vandyke  Carter  in  1877.  It  is  inoculable  into  man,  as  was  proved 
by  Carter  inoculating  himself  twice,  with  an  interval  of  two  and  a 
quarter  years.  It  can  also  be  inoculated  into  monkeys,  but  not 
into  rats  and  mice.  Bugs  are  capable  of  retaining  it  alive  in  their 
alimentary  canals  for  from  four  to  seven  days  when  obtained  from 
monkeys,  but  do  not  appear  to  be  so  effective  in  obtaining  it  from 
man,  as  only  one  in  fifty-three  were  found  infected  after  feeding  on 
human  beings.  Infected  bugs  are  capable  of  transmitting  the 
disease  to  monkeys.  Rogers,  however,  thinks  that  mosquitoes 
may  be  found  to  be  more  effective  than  bugs.  Mackie  has  brought 
forward  evidence  in  favour  of  Pediculus  corporis  being  a  carrier  of 
the  spirochsete. 

5.  carteri  is  separated  from  S.  duttoni  by  the  latter  being  far  more 
easily  inoculable  into  animals  and  producing  numerous  relapses 
when  injected  into  monkeys,  while,  according  to  Lamb,  the  former 
only  causes  one  relapse.  Moreover,  the  two  spirochaetes  may  be 
differentiated  by  immunization  and  agglutination  tests. 

Pathology. — The  morbid  anatomy  resembles  that  of  the  European 
type. 

Symptomatology. — In  accidental  inoculations  in  the  post-mortem 
room  the  incubation  period  varies  from  three  and  a  half  to  seven 
days,  during  which  prodromata,  resembling  those  of  the  European 
type,  may  occur. 

The  onset  is  generally  sudden,  but  in  most  cases  without  the 
rigors  defined  in  Europe,  though  chilliness  occurs,  and  the  disease 
progresses  as  in  the  Obermeyer  fever.  On  the  fall  of  temperature 
to    subnormal,  however,  on  the  sixth  or  seventh  day,  which  is 
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associated  with  profuse  perspiration  and  polyuria,  instead  of  the 
patient  feeling  better,  he  often  becomes  very  collapsed,  with  a  small 
weak  pulse  and  a  cold  clammy  skin,  in  which  condition  he  may 
resemble  at  first  sight  a  cholera  patient.  In  the  first  intermission, 
which  lasts  from  three  to  twelve  days — generally  about  eight  days — 
the  patient  improves  slowly,  there  being  much  debility,  and  in  one 
case  in  six  there  is  a  sudden  temporary  rise  of  temperature  after  the 
crisis.  Spirochsetes  are  not  to  be  seen  in  the  blood,  but  Carter 
and  Pisani  have  described  peculiar  structures.  The  first  relapse 
occurs  about  the  fourteenth  day  of  the  disease,  and  the  seventh 
of  the  intermission,  and  resembles  the  first  attack,  but  the  tem- 
perature may  reach  a  higher  level,  and  the  illness  is  shorter,  ending 
in  a  crisis. 

The  second  intermission  may  last  about  ten  days,  being  longer 
than  the  first,  and  a  second  relapse  takes  place,  often  commencing 
with  chills.  The  liver  does  not  markedly  enlarge,  but  the  spleen 
increases  in  size.  The  fever  is  remittent  or  intermittent,  and  the 
crisis  is  not  marked.  It  is  now  rare  for  the  disease  not  to  end,  but 
after  an  interval  of  fourteen  to  seventeen  days  a  third  relapse  may 
take  place,  with  a  sudden  rise  of  temperature,  which  lasts  one  to 
four  days.  Very  rarely  a  fourth  intermission  of  about  eleven  days 
ends  in  a  fourth  relapse,  lasting  only  two  days. 

With  regard  to  the  frequency  of  the  relapses,  Rogers  gives  the 
following  percentages  : 

Without  relapse  23-8  per  cent. 


With  one  relapse 

With  two  relapses 

With  three  relapses 

With  four  relapses 


49-2 

200 

5-0 

2-0 


Varieties.  —  The  typical  course  may  be  varied  in  about  25  pei 
cent,  of  cases,  and  present  [a)  a  short,  irregular  remittent  fever ; 
[b]  a  so-called  bilious  remittent  fever,  called  by  Carter  '  icteric 
fever. ' 

[a]  Short,  Irregular  Remittent  Fever. — This  is  very  hke  malaria, 
from  which  it  is  only  to  be  diagnosed  by  blood  examination. 

(6)  So-called  Bilious  Remittent  Fever  [Icteric  Fever). So-called 

bilious  remittent  fever  very  closely  resembles  typhus  fever,  and  to 
some  extent  yellow  fever,  showing  deep  jaundice,  with  an  eruption 
of  red  spots.  The  temperature  is  irregular,  and  the  pyrexia  pro- 
longed ;  prostration  comes  on  early,  and  may  develop  into  a  '  status 
typhosus."  The  death-rate  of  these  cases  is  high,  being  70  per 
cent.  They  are  to  be  diagnosed  from  typhus  by  the  blood  examina- 
tion, and  from  yellow  fever  by  the  absence  of  black  vomit. 

Complications. — These  are  the  same  as  in  the  European  type. 

Prognosis.— A  prolonged,  irregular  first  attack,  ending  by  lysis, 
and  attacks  showing  marked  jaundice  are  bad  omens. 

The  mortality  is  higher  than  in  Obermeyer's  type,  being  18-02 
per  cent.,  of  which  about  one-half  take  place  in  the  attack  and 
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one-quarter  in  the  first  interval,  and  one-fifteenth  in  the  firs 
relapse,  and  the  remainder  from  complications. 

Treatment.— The  treatment  and  diet  differ  in  no  respect  fron 
that  already  laid  down,  except  that  cardiac  stimulants  should  bi 
given  during  the  attack,  and  preparation  made  for  preventing  thi 
collapse  by  means  of  hypodermics  of  strychnine  and  ether  o 
camphor  m  ether,  as  well  as  by  hot  bottles,  blankets,  etc. 

Prophylaxis.— See  remarks  with  reference  to  the  European  type. 

THE  RELAPSING  FEVER  OF  AFRICA, 

Synonyms.— Tick  fever  (Livingstone),  African  Tick  fever. 

Definition.— An  acute  specific  relapsing  fever  caused  by  SpiwchmU 
duttom  Novy  and  Knapp  1906,  and  spread  by  Ornithodoros  moubatc 
Murray. 

History. — ^The  peoples  of  Africa  from  time  immemorial  have  hac 
a  dread  of  tick-bites,  which  they  thought  caused  fever,  and  thii 
appears  to  have  been  noted  by  Livingstone,  Kirk,  Hinde,  anc 
many  other  people,  with  the  result  that  a  tick  fever  of  an  unknowi 
nature  was  spoken  of  as  occurring  in  Africa.  Nabarro,  in  August 
1903,  was  the  first  to  observe  a  spirochaete  in  human  beings  ir 
Uganda,  but  as  his  publication,  through  no  fault  of  his  own,  die 
not  appear  till  much  later,  his  discovery  was  forestalled  by  those  o 
Ross  and  Milne  in  1904,  and  Button  and  Todd,  also  in  1904,  whc 
found  the  cause  of  the  tick  fever  to  be  a  spirochaete,  the  latte: 
observers  also  proving  that  it  was  introduced  into  the  blood  by  th( 
bite  of  a  tick — Ornithodoros  moubata.  Since  that  date  Koch 
Todd,  Novy  and  Knapp,  Breinl  and  Kinghorn,  and  others,  hav( 
studied  the  disease  carefully.  Recently  Frankel  has  proved  bj 
biological  tests  that  the  spirochaete  of  East  African  relapsing  fevei 
differs  from  S.  duttoni,  as  observed  in  West  Africa,  and  Nuttal 
has  proposed  the  name  5.  rossii  Nuttall  1908  for  this  new  species. 

Climatology. — ^The  disease  is  found  in  Angola,  the  Congo  Free 
State,  Uganda,  and  German  East  Africa  and  Portuguese  Easi 
Africa,  and  in  the  Valley  of  the  Zambesi.  Recently  Franco  Robledc 
and  others  have  described  a  spirochaetiasis  in  Colombia,  which  is 
caused  by  a  spirochaete  morphologically  resembling  S.  duttom,  and 
said  to  be  spread  by  Ornithodoros  turicatus,  with  reference  to  which  i1 
may  be  noted  that  Biildow  observed  relapsing  fever  in  the  Andes 
in  1865. 

The  climatic  conditions  required  appear  to  be  heat  and  moisture, 
but  according  to  Franco's  observations,  the  disease  can  occur  at  an 
altitude  of  7,000  feet.  No  observations  appear  to  be  recorded  as 
to  variations  due  to  season. 

^Etiology. — The  cause  of  the  fever  is  5.  duttoni  Novy  and  Knapp 
1906,  which  is  proved  to  be  distinct  from  the  other  spirochaetes, 
because  an  animal  immunized  against  one  of  these  is  capable  of 
being  successfully  inoculated  by  it.  5.  duttoni  can  be  inoculated 
into  a  number  of  animals — namely,  dogs,  goats,  sheep,  rabbits, 
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guinea-pigs,  rats,  and  mice— but  not  into  cats,  chickens,  pigeons, 
or  goldfish.  The  spirochetes  can  pass  through  the  placenta  into 
the  circulation  of  the  foetus,  which  they  infect.  These  organisms 
are  easily  seen  in  the  blood  during  an  attack,  but  disappear  during 
an  apyrexial  interval. 

The  life-history  in  the  vertebrate  has  been  worked  out  by  Breinl, 
who,  as  already  described,  showed  that  just  before  the  crisis  the 
spirochcetes  become  encysted  and  undergo  schizogony  into  small 
bodies,  from  which  the  new  generation  develop.  Quite  recently 
Leishman  has  demonstrated  that  when  the  spirochaetes  pass 
into  the  intestinal  sac  of  the  tick  they  lose  their  motility  and 
their  characteristic  appearance,  while  the  central  core  of  chromatin 
segments  into  small  masses,  which  are  set  free  into  the  lumen  of  the 
gut.  These  small  bodies,  which  resemble  small  rods,  or  are  rounded, 
like  micrococci,  appear  to  multiply  in  the  body  of  the  tick,  and  to 
pass  into  the  cells  of  the  Malpighian  tubules  and  into  the  tissue  of 
the  ovary.  In  the  latter  position  they  enter  the  immature  eggs, 
and  can  be  traced  through  all  stages  of  development  into  the  adult 
ticks.  In  the  embryo,  and  in  all  the  later  stages  of  development  up 
to  and  including  the  adults,  they  are  found  as  small  chromatin 
bodies  lying  in  the  cells  of  the  Malpighian  tubules.  Inoculation  of 
crushed  tissue  containing  these  bodies  produces  a  typical  infection. 
From  his  experiments,  Leishman  concludes  that  it  is  by  these 
chromatin  bodies  that  the  disease  is  carried  from  the  egg  to  the 
new  generation  of  ticks,  and  that  infection  of  man  does  not  take 
^place  via  the  salivary  glands,  but  by  the  small  bodies  gaining  access 
to  the  wound  produced  by  the  tick's  bite,  by  being  voided  in  the 
Malpighian  secretion  passed  by  the  tick  during  feeding,  or  perhaps 
by  regurgitation  of  the  intestinal  contents. 

The  principal  predisposing  causes  are  anything  which  facilitates 
the  life  of  the  tick,  such  as  bad  hygienic  conditions,  w.'nch  are  well 
exemplified  by  the  native  huts  of  Africa.  These  hiits  co  tain  many 
cracks  in  the  walls  and  floor,  which  afford  shelter  to  the  tick,  and 
hence  predispose  to  the  disease. 

Pathology. — Very  little  can  be  said  as  to  the  pathology  at  present. 
The  post-mortem  reveals  only  an  enlarged  firm  spleen,  while  smears 
taken  from  the  liver  and  lungs  show  large  numbers  of  spirochaetes. 

Symptomatology. — ^The  symptomatology  still  requires  careful 
investigation  on  the  lines  carried  out  by  Carter  in  India.  There 
appears  to  be  a  marked  difference  in  the  severity  of  the  attack  in 
new-comers,  such  as  Europeans  and  natives,  and  Ross  has,  therefore, 
divided  the  symptomatology  into  two  classes — (a)  European ; 
(6)  Native. 

Symptoms  in  Europeans. — The  period  of  incubation  is  usually 
about  seven  days,  but  it  may  extend  to  eleven  or  twelve  days. 

The  tick-bite  may  be  accompanied  by  local  inflammatory  symp- 
toms, but  in  some  cases  the  bite  is  not  even  noticed.  According  to 
Wellman,  natives  believe  that  when  the  tick-bite  is  accompanied  by 
a  severe  local  reaction,  the  individual  probably  escapes  fever,  and 
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Nuttall  calls  attention  to  the  possible  protective  effect  of  a  Iocs 
reaction. 

Usually  mental  heaviness,  lack  of  activity,  profuse  sweating,  am 
constipation,  are  mentioned  as  prodromal  symptoms. 

The  attack  may  come  on  gradually,  with  a  feehng  of  malaise 
famtness,  and  a  disinclination  for  food,  or  even  vomiting,  and  ; 
sUght  rise  of  temperature.  In  a  few  hours  the  temperature  wi] 
have  risen  to  103°  to  105°  F.,  associated  with  headache,  pains  ii 
the  back  and  limbs,  and  intense  pain  in  the  region  of  the  spleen,  an( 
chilliness.  There  is  vomiting,  first  of  food,  and  then  of  bile,  wit] 
often  diarrhoea,  and  even  at  times  streaks  of  blood  in  the  motions 
The  spleen  is  generally  found  to  be  enlarged,  and  spirochetes  ii 
scanty  numbers  occur  in  the  peripheral  blood,  but  may  be  hard  t 
find. 

The  next  day  the  symptoms  are  worse,  and  the  patient  is  hot  an( 
restless,  complaining  of  thirst  and  splenic  pain,  and  often  troublee 
by  a  cough.  The  temperature  shows  a  morning  fall,  withou 
improvement  in  the  symptoms,  and  an  evening  rise,  during  whicl 
the  pains  increase,  and  the  patient  may  become  delirious.  Thi 
liver  does  not  enlarge,  but  the  spleen  projects  below  the  costa 
margin.  Spirochaetes  are  now  found  in  greater  numbers,  bu 
diminish  remarkably  before  the  crisis.  There  is  a  slight  decreas( 
in  the  red  cells  and  haemoglobin,  and  a  marked  leucocytosis  befon 
the  crisis,  while  polychromatophile  degeneration  is  noted  in  th( 
red  cells,  and  a  very  marked  increase  in  blood  platelets.  Th( 
symptoms  last  three  to  four  days,  and  end  by  a  crisis  marked  bj 
profuse  sweats  and  a  fall  of  temperature  below  normal.  On  th( 
day  before  the  crisis  there  is  a  pseudo-crisis,  with  a  fall  of  tempera 
ture,  but  no  improvement  in  the  symptoms. 

The  patient  feels  weak  and  tired,  but  slowly  regains  his  appetit< 
and  strength,  and  no  parasites  are  found  in  the  blood.  The  disease 
may  now  terminate,  or  the  intermission  may  last  from  one  tc 
twenty-one  days,  according  to  Ross  ;  but  five  to  eight  days  is  mon 
usual. 

The  first  relapse  begins  with  a  rise  of  temperature  and  a  returr 
of  the  original  symptoms,  and  also  of  the  parasites  into  the  peri 
pheral  blood.  After  lasting,  three  to  four  days,  it  ends  in  a  crisis 
marked  by  sweating,  and  showing  a  pseudo-crisis  on  the  preceding 
day. 

Intermissions  and  relapses  follow  one  another  regularly  01 
irregularly,  the  intervals  being  from  one  day  to  two  months,  and 
the  relapses  usually  lasting  three  days,  and  showing  a  pseudo- 
crisis  on  the  second  day  and  a  crisis  on  the  third  day.  As  many  as 
five  to  eleven  relapses  may  take  place,  and  end  by  reducing  the 
patient  both  in  weight  and  strength.  (Edema  of  the  eyelids  has 
been  noted  in  the  relapses. 
Complications  and  Sequela.— Iritis  is  very  frequently  observed. 
Symptoms  in  Natives.— Ross  in  Uganda  and  British  East  Africa 
f q  +V.O+    +Vir.naVi  tlip  a++ark  shnwed  much  the  Same  svmt)toms 
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in  natives  as  in  Europeans,  it  was  far  less  severe,  and  the  spleen 
did  not  enlarge.  The  attack  only  lasted  twenty-four  to  forty- 
eight  hours,  and  ended  by  crisis,  after  which  the  patient  rapidly 
recovered,  as  a  rule  without  a  relapse.  Should  this,  however,  take 
place,  it  was  found  to  be  less  severe  than  the  attack.  Koch  believes 
that  these  mild  attacks  and  the  native  immunity  are  due  to  infec- 
tion in  early  childhood.  Button  and  Todd,  on  the  other  hand, 
describe  cases  very  much  resembling  that  in  the  European,  with 
enlargement  of  the  spleen,  and  with  more  than  one  relapse,  leaving 
the  patient  anaemic,  thin,  and  weak.  Hence  it  may  be  concluded 
that  the  disease  shows  two  types  in  natives — a  mild  type  and  a 
severe  type — and  that  the  latter  may  end  in  death  ;  or  perhaps  it 
may  be  that  the  West  African  or  East  African  fevers  are  separate 
clinical  entities,  and  indeed  there  appears  to  be  some  justification 
in  their  separation,  as  the  spirocheete  of  East  African  fever  has 
been  shown  to  differ  biologically  from  that  of  West  African. 

Diagnosis. — ^This  can  only  be  made  by  finding  the  spirochaetes. 
Lowenthal's  method  of  agglutination  can  be  applied  in  doubtful 
cases. 

Prognosis,  —  This  is  usually  good  for  both  the  natives  and 
Europeans,  but  death  may  occur  in  both  races,  and  is  signalled  by 
a  rapid  fall  of  temperature  without  improvement  of  the  symptoms. 

No  figures  have  so  far  been  recorded  with  regard  to  the  mor- 
tality, but  it  may  be  taken  that  it,  as  a  rule,  is  low,  though  under 
adverse  circumstances  it  may  be  high.  Button  and  Todd  record 
that  of  twenty  men  who  contracted  the  disease  in  one  caravan,  ten 
died. 

Treatment. — Atoxyl  and  other  arsenical  preparations  have  been 
found  to  be  useless,  and  only  symptomatic  treatment  can  be 
apphed  (p.  703). 

Prophylaxis. — ^The  prophylaxis  is  based  on  the  avoidance  of 
localities  where  ticks  abound  and  the  destruction  of  these  parasites. 
Koch  rightly  advises  that  Europeans  should  camp  at  least  20  to 
30  yards  away  from  infected  native  huts  and  rest-houses. 
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CHAPTER  XXVI 

THE    SPOTTED    FEVER   OF    THE    ROCKY 

MOUNTAINS   AND    TSUTSUGAMUSHI 

DISEASE 

The  spotted  fever  of  the  Rocky  Mountains — Tsutsugamushi  disease — ^The 
tick  fever  of  Miana — The  intermittent  tick  fever  of  Wyoming — 
References. 

SPOTTED  FEVER  OF  THE  ROCKY  MOUNTAINS 

Synonyms. — Black  fever,  Blue  disease,  Rocky  Mountain  Spotted 
fever,  Spotted  fever  of  Montana,  Rocky  Mountain  fever,  Pyroplas- 
mosis  hominis  Wilson  and  Chowning  1902,  Spotted  fever  of  Idaho 
(Maxy,    1899),   Tick    fever    of    the   Rocky  Mountains    (Anderson, 

1903)- 

Definition. — An  acute  endemic  febrile  disorder,  associated  with 
a  petechial  or  purpuric  eruption  of  the  skin,  which  occurs  after  the 
bites  of  infected  ticks  [Dermacentor  occidentalis)  in  certain  regions 
of  the  Rocky  Mountains. 

History. — The  first  case  of  the  disease  is  believed  to  have 
occurred  in  Bitter  Root  Valley,  in  1873,  and  from  that  date  until 
1902  it  is  said  that  about  200  cases  were  observed,  with  a  mor- 
tality of  70  to  80  per  cent.  During  this  period  it  was  generally 
known  as  the  '  black  fever,'  the  '  blue  disease,'  or  the  '  spotted 
fever. ' 

In  1898,  according  to  Anderson,  Major  M.  W.  Wood  made  an 
unpublished  report  to  the  Surgeon-General  of  the  United  States 
army  on  the  disease.  In  1899  Maxy  wrote  a  paper  on  '  The  So- 
called  Spotted  Fever  of  Idaho,'  which  he  descpbed  as  an  acute, 
endemic,  non-contagious,  but  probably  infectious  febrile  disorder, 
characterized  clinically  by  a  continuous,  moderately  high  fever, 
severe  arthritic  and  muscular  pains,  and  a  profuse  petechial  or 
purpuric  eruption  of  the  skin,  appearing  first  on  the  ankles,  wrists, 
and  forehead,  but  rapidly  spreading  to  all  parts  of  the  body.  In 
1902  Gwim  and  McCullough  read  separate  papers  on  the  disease 
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at  a  meeting  of  the  Montana  State  Medical  Association,  and  in  the 
same  year  Wdson  and  Chowning  were  deputed  to  investigate  it 
^  P'i  !u^°°*  ^"""^y-  ^^  ^  result  of  their  investigation,  they 
concluded  that  it  was  caused  by  a  Babesia.  They  bdieved  this 
mbesia  to  be  parasitic  in  a  squirrel  {Spermophilis  columhianus) , 
and  to  be  spread  to  human  beings  by  a  tick,  Dermacentor  reticulatus 
( =  U  occidentahs) .  In  1903  Anderson  was  instructed  to  investigate 
the  disease,  and  as  a  result  of  his  inquiries  he  supported  WHson 
and  Chowning  as  regards  both  the  parasite  and  the  tick.  In  1905 
Styles  published  his  zoological  investigation  into  the  cause,  trans- 
mission, and  source  of  Rocky  Mountain  spotted  fever,  in  which  he 
failed  to  find  evidence  of  the  existence  of  the  para:site  in  man  or 
squirrel,  and  of  the  transmission  by  the  tick.  His  researches  were 
supported  m  the  same  year  by  Ashburn.  In  1906  King  found 
distinct  experimental  evidence  of  the  transmission  of  the  disease 
by  the  tick.  From  1906  to  the  present  time  Ricketts  has  been 
working  at  the  etiology  of  the  malady,  and  has  proved  that  the 
tick  D.  occidentalis  spreads  the  disease— a  conclusion  which  he  has 
supported  by  experiments  on  guinea-pigs  and  monkeys  ;  but  he 
says  that  the  credit  for  proving  the  transmission  of  the  disease  from 
man  to  man  by  the  tick  must  be  given  to  McCalla  and  Brereton. 
In  1908  Ashburn  and  Craig  published  an  excellent  paper  on  this 
and  the  tsutsugamushi  disease,  which  they  indicate  to  be  distinct 
from  one  another,  and  in  this  paper  Ashburn  accepts  the  trans- 
mission by  the  tick. 

Climatology. — ^The  disease  is  only  known  in  the  United  States 
in  Montana,  Idaho,  Nevada,  Wyoming,  and  Oregon.  In  Montana 
it  is  found  in  the  Bitter  Root  Valley,  on  the  eastern  slopes  of  the 
Bitter  Root  Mountains,  and  from  there  to  the  western  bank  of  the 
Bitter  Root  River,  by  which  it  is  apparently  bounded,  the  worst 
area  being  from  Lo-lo  to  Como,  a  distance  of  about  fifty  miles  in 
length,  but  only  about  four  to  five  miles  in  breadth.  Thi^  country 
has  a  considerable  snowfall,  which,  though  it  begins  to  melt  in 
March,  lies  on  the  mountains  until  mid-June.  The  melted  snow 
drains  into  the  river,  which  does  not  reach  low-water  until  July. 
It  is  only  during  this  period  that  the  ticks  {D.  occidentalis)  appear 
in  large  numbers,  and  infest  men  and  animals  who  pass  through 
the  forests,  thickets,  and  uncultivated  regions.  The  disease  is 
also  known  at  Rock  Creek,  twenty  miles,  and  at  Bridger,  200  miles 
east  of  the  Bitter  Root  River.  In  Idaho  it  occurs  throughout  the 
entire  valley  of  the  Snake  River,  including  its  tributaries,  and 
the  foot-hills  in  the  neighbourhood.  In  Wyoming  it  is  found  at 
Cody  and  Meeteetse.  In  Nevada  it  is  only  known  in  the  north, 
in  the  valley  of  the  Quinn  River,  where  it  was  recognized  as  far 
back  as  1887.  In  Oregon  it  is  said  to  be  mild,  and  to  be  found 
only  in  the  eastern  portion,  towards  Idaho. 

It  will  be  noted  that  these  districts  extend  from  40°  to  47"  N. 
latitude,  and  that  the  elevation  is  about  3,000  to  4,000  feet  above 
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Wilson  and  Chowning  noted  that  the  cases  occur  from  March  to 
July,  as  is  shown  by  the  following  list,  taken  from  their  report : 


March 

6  cases. 

April 

. .     24     „ 

May- 

..     46     „ 

June 

..     35     .. 

July             

B     ., 

Spring  {exact  month  not  known) 

10     „ 

Total 


126 


This  seasonal  occurrence  is  associated,  as  stated  above,  with  the 
prevalence  of  D.  occidentalis  during  the  same  months. 

.ffitiology. — According  to  Wilson,  Chowning,  and  Anderson,  the 
cause  of  the  disease  is  a  Babesia,  but  Stiles,  Ashburn,  and  Ricketts 
have  failed  to  find  this  parasite.  The  bacterial  growths  so  far 
obtained  from  cultures  of  internal  organs  or  of  the  blood  can 
be  considered  as  merely  accidental  contaminations.  On  the  other 
hand,  Ricketts  has  shown  that  blood  taken  from  a  human  being 
suffering  from  the  disease  can  be  inoculated  successfully  into 
guinea-pigs  and  monkeys  [Macacus  rhesus),  and  that  the  trans- 
mission from  animal  to  animal  can  go  on  apparently  indefinitely 
(100  generations).  These  inoculations  produce  a  disease  charac- 
terized by  an  incubation,  a  fever,  an  eruption,  and  post-mortem 
appearances  similar  to  those  found  in  human  cases.  No  bacteria 
can  be  cultivated  from  the  internal  organs  or  blood  of  the  infected 
animals,  nor  can  any  parasite^  be  seen,  but  the  virus  exists  not 
merely  in  the  serum,  but  so  closely  attached  to  the  corpuscles 
(white  and  red)  that  it  cannot  be  separated  from  them  by  washing  ; 
moreover,  it  will  not  pass  through  the  pores  of  a  Berkefeld  filter. 
Immunity  follows  an  attack,  and  hyperimmunity  can  be  induced 
in  guinea-pigs.  At  the  time  of  writing  Ricketts  is  attempting  to 
prepare  a  vaccine  and  a  serum. 

The  virus  can  be  acquired  and  transmitted  by  the  larva,  the 
nymph,  and  the  male  ar  female  adults  of  D.  occidentalis,  and  in 
a  few  instances  can  pass  through  the  eggs  into  a  second  generation 
of  ticks. 

Infected  ticks  are  found  but  sparingly  in  Nature.  Thus,  of 
513  ticks  found  on  animals,  296  or  more  were  allowed  to  attack 
guinea-pigs,  with  the  result  that  only  one  of  the  animals  took  the 
disease  after  an  incubation  of  seven  days.  The  infected  guinea- 
pig  was  found  to  have  thirty-six  male  ticks  upon  it,  all  of  which 
had  come  from  a  horse. 

A  tick  fed  on  a  human  being  suffering  from  the  disease  com- 
municated it  first  to  a  man  and  afterwards  to  a  woman  by  its 
bites.  Ricketts,  examining  the  blood  of  patients  and  the  eggs  of 
infected  ticks,  has  observed  peculiar  bacillary-like  structures, 
which  show  bi-polar  staining.  He  has  not  succeeded  in  cultivating 
the  germ. 

With  regard  to  predisposing  causes,  there  are  sex  and  age  in- 
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fluences  to  be  noted.  Men  are  more  frequently  attacked  than 
women  and  the  most  common  age  is  from  fifteen  to  fifty  years, 
both  of  which  merely  signify  that  persons  performing  outdoor  work 
run  a  greater  risk  of  infection  than  those  otherwise  employed. 

Pathology.— As  the  causation  of  the  disease  is  unknown,  remarks 
with  relerence  to  the  pathology  must  necessarily  be  limited  to  the 
morbid  anatomy.  Rigor  mortis  is  well  marked,  and  the  skin 
shows  lividity  m  dependent  and  petechias  in  non-dependent  parts, 
and  at  times  the  marks  of  the  tick-bites  may  still  be  visible. 

The  pleura,  lungs,  and  pericardium,  ahd'most  of  the  organs,  are 
normal,  but  petechias  may  be  seen  on  the  epicardium  ;  while  the 
hver  and  spleen  are  enlarged,  congested,  and  soft,  and  the  kidneys 
are  congested,  and  may  show  subcapsular  hsemorrhages.  The 
microscope  shows  capillary  congestion  of  the  organs,  with  an  excess 
of  leucocytes,  and  an  extravasation  into  and  pigmentation  of  the 
skin.  Acute  parenchymatous  degenerations  of  the  heart  muscle, 
the  spleen,  liver,  and  kidneys,  are  also  to  be  noted. 

Symptomatology. — ^The  incubation  period  varies  from  two  to 
eight  days,  during  which  prodromata,  in  the  form  of  irritation  in 
the  tick-bites,  from  which  pains  may  radiate,  and  chilliness  with 
malaise  and  nausea,  may  be  experienced. 

The  illness  often  begins  with  a  distinct  chill,  accompanied  by 
severe  headache,  pains  in  the  back  and  other  parts  of  the  body, 
and  a  rapid  rise  of  temperature  to  103°  F.  to  104°  F.,  associated 
with  a  furred  tongue,  a  dry  skin,  yellow  and  congested  con- 
junctiva, an  irritating  cough,  epistaxis,  and  the  passage  of  febrile 
urine. 

The  fever  continues  to  rise,  with  sUght  morning  remissions, 
until  a  maximum  of  105°  F.  to  107°  F.  is  reached  about  the  fifth  to 
the  twelfth  day.  About  the  third  day  (second  to  seventh)  a 
macular  eruption  appears  on  the  wrists  and  ankles,  which  quickly 
spreads  up  the  arms  and  legs  on  to  the  back,  forehead,  chest,  and 
abdomen,  so  that  the  whole  body  is  included  in  about  one  to  two 
days.  The  macules  vary  in  size  from  i  to  5  millimetres  in  diameter. 
They  are  not  elevated,  and  at  first  disappear  on  pressure,  but 
later  become  permanent,  and  finally  turn  petechial  about  the  sixth 
to  the  tenth  day.  Associated  with  the  eruption  is  a  dusky-red 
motthng  of  the  skin,  and  often  a  subicteric  tinge  of  both  the  skin 
and  the  conjunctivae.  The  eruption  is,  however,  by  no  means 
always  well  marked,  and,  in  fact,  mild  cases  have  been  reported 
in  which  it  was  absent. 

The  pulse  is  from  the  first  very  rapid,  reaching  from  no  to  150 
per  minute,  and  not  as  a  rule  in  proportion  to  the  temperature. 
At  first  full  and  strong,  it  becomes  gradually  feebler  and  smaller, 
and  is  often  dicrotic,  and  in  severe  cases  may  be  intermittent  and 
irregular.  The  blood  shows  a  diminution  of  the  erythrocytes  and 
haemoglobin,  with  a  slight  increase  in  the  total  number  of  leuco- 
cytes and  a  relative  increase  of  the  mononuclear  leucocytes  ;  but 
in  rnn<;irlfinne'  these  blood-p.ounts.  allowance,  must  be  made  for  the 
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aHitude  at  which  the  disease  occurs.     (Edema  of  the  face  and 
limbs  may  be  present  in  severe  cases. 

At  first  the  tongue  is  covered  by  a  thick  white  fur,  but  later  it 
becomes  dry,  cracked,  and  brownish,  and  sordes  collect  on  the 
teeth.  Nausea  may  be  present  during  the  first  week,  but  is  more 
common  in  the  second,  and  generally  lasts  till  the  end  of  the  illness. 
Constipation  is  usually  present  throughout  the  attack,  and  the 
liver  is  often  shghtly  enlarged,  while  the  spleen  extends  beyond 
the  costal  margin,  and  is  tender.  There  is  usually  a  slight  sore 
throat,  and  there  may  be  signs  of  a  mild  bronchitis,  associated 
with  an  increase  in  the  number  of  respirations,  which  may  reach 
from  twenty-six  to  sixty  per  minute. 

The  urine  presents  the  usual  febrile  character,  and  often  contains 
a  trace  of  albumin,  which  occasi6nally  may  reach  considerable 
proportions,  and  be  accompanied  by  a  few  granular  casts.  The 
mind  is  usually  clear,  but  in  severe  cases  a  low  muttering  delirium 
may  occur. 

After  the  fever  has  reached  its  height  on  the  fifth  to  the  twelfth 
day,  the  temperature  either  declines  by  lysis,  and  recovery  takes 
place,  or  it  remains  high,  and,  a  typhoid  state  developing,  death 
ensues.  If  the  former  event  is  to  take  place,  the  temperature, 
falling  by  lysis,  reaches  normal  about  the  fourteenth  to  the 
eighteenth  day,  the  eruption  commences  to  fade,  and  desquama- 
tion begins,  which  extends  all  over  the  body,  while  the  other  symp- 
toms gradually  abate  and  the  patient  becomes  convalescent.  If, 
however,  death  is  to  ensue,  the  temperature  remains  about  104°  F. 
to  106  F°.,  but  sometimes  shows  a  sudden  final  fall  just  before  the 
fatal  event. 

Convalescence  may  take  some  time,  and  it  is  said  that  the  sites 
of  the  eruption  are  clearly  visible  even  twenty-four  days  'after 
recovery  if  a  warm  bath  is  taken. 

Complications. — Pneumonia  is  a  comparatively  frequent  com- 
plication, but  gangrene  of  the  fingers,  toes,  and  skin  of  the  scrotum 
and  penis  may  occur. 

Diagnosis. — The  malady  may  be  difficult  to  differentiate  from 
typhoid  fever,  typhus,  and  the  Japanese  river  fever.  From  typhoid 
fever  it  can  be  distinguished  by  the  more  acute  onset,  the  petechial 
eruption,  commencing  on  the  hands  and  wrists,  the  absence  of 
marked  intestinal  symptoms,  and  the  presence  of  leucocytosis. 
In  doubtful  cases  all  the  modern  bacteriological  methods — serum 
reaction,  search  for  the  Bacillus  typhosus  in  the  blood,  stools,  and 
urine — will  have  to  be  used  to  exclude  typhoid. 

The  distinction  between  spotted  fever  and  typhus  on  clinical 
grounds  seems  to  us  impossible.  Though  in  typhus  the  disease 
may  end  more  often  by  crisis  than  by  lysis,  all  the  other  clinical 
symptoms,  and  the  appearance  of  the  eruption,  are  practically 
identical ;  in  fact,  Sambon  and  others  believe  that  the  Rocky 
Mountain  spotted  fever  and  typhus  are  the  same  entity.  Possibly 
typhus  and  Rocky  Mountain  spotted  fever  are  due  to  two  varieties 
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of  the  same  organism,  or  two  very  closely  allied  species,  in  the 
same  way  as  African,  European,  American,  and  Indian  relapsing 
fevers  are  due  to  very  closely  allied  organisms. 

The  Japanese  river  fever  may  present  a  course  very  similar  to 
the  Rocky  Mountain  spotted  fever,  but  the  presence  of  one  or 
more  eschars  near  the  genitals  or  the  axilla,  and  the  eruption 
beginning  on  the  face,  and  not  becoming  petechial,  are  charac- 
teristic. 

Prognosis. — It  appears  that  the  prognosis  is  much  more  serious 
in  some  localities  than  in  others.  In  Montana  the  mortality  has 
been  as  high  as  90  per  cent.,  while  in  Idaho  it  has  always  been 
very  low  (2^  per  cent.).  The  reason  for  this  difference  is  not 
apparent.  When  the  eruption  is  not  much  marked  and  not 
generalized,  the  prognosis  is  favourable. 

Treatment. — Quinine  has  been  advised  and  given  in  large  doses, 
but  it  does  not  show  any  specific  effect.  The  treatment  can  be 
only  symptomatic.  To  relieve  the  severe  headache  cold  applica- 
tions may  be  used,  or,  with  prudence,  small  doses  of  antipyrin,  or 
pyramidon,  or  Dover's  powders.  Large  quantities  of  water  should 
be  drunk,  so  as  to  flush  out  the  kidneys.  The  water  may  be  slightly 
acidulated.  Tepid  sponging  is  useful  and  refreshing.  When  the 
temperature  rises  above  103°  F.,  cold  sponging  should  be  used, 
and,  if  necessary,  the  cold  bath  or  cold  pack.  Should  the  pulse 
become  small  and  irregular,  cardiac  stimulants  must  be  adminis- 
tered. The  room  should  be  darkened,  and  the  patient  kept  un- 
disturbed. 

The  diet  should  be  liquid,  chiefly  milk  and  broths.  Alcoholic 
stimulants  may  be  indicated  in  some  cases. 

Prophylaxis. — ^This  consists  in  avoiding  as  much  as  possible 
localities  where  the  ticks  are  abundant,  and  destroying  these 
arachnids.  A  tick  should  be  removed  by  applying  ammonia,  tur- 
pentine, kerosene,  or  carbolized  vaseline,  and  then  the  bite  may  be 
cauterized  with  pure  carbolic  acid.  Some  authorities  advise  the 
internal  administration  of  quinine,  but  this  does  not  prevent  the 
development  of  the  fever. 

TSUTSUGAMUSHI  DISEASE. 

Synonyms. — Japanese  River  fever,  Flood  fever.  Island  disease 
(Shima  disease),  Kedani  disease  ('kedani'  is  the  hair-louse),  Aka 
Mushi*  disease  ('  aka  mushi  '  means  '  red  insect '),  Shima  Mushi 
disease  (Island  Bug  disease),  Tochu-bio,  Shashitsu. 

Definition. — Tsutsugamushi  disease  is  an  acute  endemic  febrile 
disorder  caused  by  the  bite  of  a  mite,  producing  a  sniall  local 
necrotic  area,  painful  enlargement  of  the  proximal  lymphatic  glands, 
and  an  exanthematous  eruption. 

History.— Tsutsugamushi  disease  is  said  by  Ashburn  and  Craig 
to  have  been  mentioned  under  the  term  '  shashitsu  '  in  Chinese 

*   '  Mushi  '  is  thp.  Ta.nanese  for  a  bue  or  insect. 
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writings  more  than  one  thousand  years  ago,  when  it  was  described 
as  a  fever  due  to  the  bite  of  a  mite,  which  produced  a  pustule  in 
summer-time  in  people  who  entered  those  parts  of  the  country 
which  had  been  flooded  by  the  spring  rains.  The  Japanese  litera- 
ture on  the' subject  is  considerable,  but  the  descriptions  written  in 
European  languages  are  not  extensive,  the  earliest  contributions 
being  by  Palm  in  1878  and  Baelz  in  1879,  while  Ashburn  and  Craig, 
in  1908,  give  an  excellent  account  of  the  disease  and  its  causation, 
together  with  a  comparison  with  the  spotted  fever  of  the  Rocky 
Mountains. 

Climatology. — The  geographical  distribution  is  limited  to  the 
island  Nippon,  of  Japan,  where  it  is  confined  to  the  districts  Aki ta- 
ken and  Nugata-ken  ('  ken  '  means  a  '  district '),  in  which  certain 
lands  are  flooded  in  June,  in  the  former  district  by  the  Rivers 
Omonogawa  and  Minasegawa,  and  in  the  latter  by  the  Rivers 
Shinanogawa,  Akagawa,  Uwonumagawa,  and  Hajadegawa.  It  is, 
further,  limited  to  certain  parts  of  the  regions  flooded  by  these 
rivers.  The  floods  only  last  a  few  days,  and  the  regions  do  not 
become  dangerous  till  after  a  few  weeks,  when  a  red  mite  appears, 
which  may  attack  any  person  entering  these  places.  In  fact,  so 
great  is  this  danger  that  the  lands  have  been  abandoned,  except 
by  the  very  poor, ,  who  enter  them  in  order  to  cultivate  hemp  or 
corn,  or  to  gather  mulberry-leaves  to  feed  silkworms.  The  disease 
is  to  a  limited  extent  transportable  with  corn,  hemp,  and  other 
articles.  It  occurs  most  frequently  from  the  middle  of  July  to 
October. 

etiology. — ^The  causation  of  the  disease  is  not  known,  but  there 
are  three  theories  which  have  been  supported  by  various  investi- 
gators. 

These  theories  are  : 

1.  The  Bacterial  Theory. — Many  bacteria  have  been  described  as  the  cause 
of  the  disease,  the  iirst  being  a  Proteus,  found  by  Balz  and  Takana,  associated 
with  staphylococci  and  streptococci  in  the  lungs,  sputum,  and  urinary 
sediment. 

2.  The  Protozoan  Theory. — Ogata  considers  that  the  cause  of  the  disease 
is  a  Plasmodium,  which  he  states  he  has  found  in  the  blood  of  numerous 
patients.     Ogata's  observations  have  not  been  confirmed. 

3.  The  Chemical  Theory. — Tanaka  believes  that  the  true  cause  is  a,  toxin 
contained  in  the  body  of  the  mite,  and  introduced  by  its  bite. 

The  only  certain  facts  which  we  know  concerning  the  setiology 
of  this  disease  is  that  the  symptoms  follow  the  bite  of  the  larva  of 
an  unknown  species  of  Trombidium,  and  that  immunity  is  not 
conferred  by  an  attack.  This  larva  (akamushi),  which,  though 
bright  red  or  orange  in  colour,  is  so  small  that  it  is  almost  invisible 
to  the  naked  eye,  is  found  in  large  numbers  on  the  inner  surfaces 
of  the  ears  of  field-mice  (Arvicola  natanedzumi  Sasaki)  caught  in 
July  and  August  in  the  infected  regions.  The  akamushi  of  other 
regions  do  not  cause  the  disease,  which,  of  course,  is  against  the 
chemical  theory  as  to  the  aetiology.  Miyajima  claims  to  have 
infected   monkeys   by   inoculating   blood   derived   from   a   person 
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suffering  from  the  disease,  and  also  by  the  bites  of  the  mites.  Mice 
and  guinea-pigs  are  said  to  be  immune — a  statement  which,  however, 
is  opposed  by  Ogata. 

Only  poor  people  enter  the  infected  lands  during  the  months  of 
July  to  October,  and  as  any  person  who  does  so  is  liable  to  infection, 
the  disease  is  mostly  found  among  the  poor. 

Pathology. — The  post-mortem  reveals  a  small  ulcer,  sometimes 
still  covered  by  an  eschar  at  the  site  of  the  bite,  and  enlargement 
of  the  proximal  lymphatic  glands.  The  spleen  is  enlarged  and 
softened,  the  lungs  are  oedematous  and  congested,  and  the  bronchial 
mucosa  is  often  slightly  swollen  and  reddened,  and  the  kidneys  are 
inflamed.  We  are  not  acquainted  with  any  description  of  the 
histology  of  the  organs. 

Symptomatology. — ^The  incubation  period  varies  from  five  to 
ten  days,  during  which  there  may  be  a  feeling  of  prostration, 
giddiness,  and  general  malaise,  but  definite  prodromata  are  wanting. 

The  disease  begins  with  a  chill  and  rigors,  accompanied  by 
severe  pain  in  the  forehead  and  temples,  and  a  sensation  of  weak- 
ness, while  the  temperature  quickly  rises  to  101°  F.  to  103°  F.  The 
patient  usually  complains  of  pain  in  certain  enlarged  lymphatic 
glands,  which,  on  inspection,  are  found  to  be  tender,  quite  distinct 
from  one  another,  and  freely  movable  under  the  skin.  A  search 
in  the  region  drained  by  these  glands  may  reveal  a  circular  vesicle, 
measuring  2  to  4  millimetres  in  diameter,  but  more  usually  one  or 
more  black  or  brownish  necrotic  areas  of  skin,  surrounded  by  a 
dullish-red  areola,  are  found.  These  areas  indicate  the  sites  of 
the  bites  of  the  mite. 

The  temperature  continues  to  rise  during  the  next  few  days, 
reaching  a  maximum  in  the  second  week,  when  it  may  be  as  high 
as  105°  F.  During  this  time  the  eschar  has  been  thrown  off  the 
necrotic  area,  and  reveals  a  circular  punched-out  ulcer,  the  peri- 
phery of  which  is  red  and  infiltrated,  but  not  painful  nor  tender. 
About  the  fifth  to  the  seventh  day  an  eruption  appears  on  the 
face  in  the  form  of  large  red  papules,  which  may  become  confluent 
on  the  cheeks,  giving  the  face  a  swollen  appearance.  From  this 
situation  the  eruption  spreads  all  over  the  body,  but  more  in  the 
form  of  macules  than  papules.  These  macule,  which  are  2  to 
5  millimetres  in  diameter,  fade  on  pressure,  but  quickly  return 
when  the  pressure  is  removed,  and  do  not  itch.  Between  the  spots 
on  the  trunk  and  forearms  follicular  papules  may  be  noted,  but 
the  eruption  is  not  so  well  marked  on  the  arms  and  thighs. 

At  first  the  pulse  is  full,  and  not  very  rapid,  varying  from  80  to 
100  per  minute  ;  later  it  may  become  small  and  quick,  and  at  times 
dicrotic.  The  first  cardiac  sound  is  often  impure,  and  the  trans- 
verse diameter  of  the  cardiac  dulness  may  be  increased. 

In  the  blood  the  red  cells  are  found  to  be  diminished,  and  the 
hsemoglobin  proportionately  reduced.  In  mild  cases  there  is  often 
an  increase  in  the  large  mononuclear  leucocytes  and  lymphocytes, 
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diminished,  though   there  may  be  a  relative  polymorphonuclear 
increase. 

The  tongue  is  at  first  moist  and  slightly  coated,  but  later  it 
becomes  dry,  brown  in  the  centre,  and  glazed  at  the  tip  and  edges. 
The  gums  in  some  cases  are  spongy,  and  bleed,  while  sordes  may 
collect  on  the  teeth,  and  a  few  punctiform  spots  be  noted  on  the 
palate.  The  epigastrium  and  left  hypochondrium  are  tender; 
the  liver,  however,  is  not  as  a  rule  palpable,  though  the  spleen  is 
usually  slightly  enlarged. 

The  nose  and  throat  are  normal,  but  the  rate  of  the  respirations 
is  increased,  and  the  breath-sounds  are  harsh  and  accompanied  by 
rhonchi,  which  can  be  heard  all  over  the  chest.  Usually  there  is  a 
certain  amount  of  coughing,  but  the  expectoration  is  scanty. 

The  urine  is  diminished  in  quantity,  high-coloured,  and  may 
contain  albumin,  and  often  gives  the  diazo-reaction.  Strangury 
may  occur. 

The  conjunctivae  are  early  injected,  a  feature  which  becomes 
more  marked  as  the  disease  progresses,  and  is  associated  with 
lachrymation. 

From  the  very  first  there  is  a  great  hypersesthesia  all  over  the 
body,  and  there  may  be  delirium  at  night,  and  difficulty  in 
hearing. 

About  the  fourteenth  day  of  the  illness  the  eruption  begins  to 
fade  and  the  fever  to  remit,  and  in  the  next  five  or  six  days  the 
temperature  falls  by  lysis  to  normal,  and,  the  general  condition 
rapidly  improving,  convalescence  begins.  Recovery  is  usually 
quick,  and  by  the  twenty-first  day  from  the  commencement  of 
the  attack  the  patient  is  well. 

In  bad  cases,  however,  coma  and  hyperpyrexia  may  develop  in 
the  second  week,  and  cause  the  death'  of  the  patient.  In  other 
cases  death  may  be  caused  by  complications,  which  may  arise 
either  in  the  second  week  or  during  convalescence. 

Varieties. — Severe  types  of  the  disease  end  in  death  about  the 
ninth  to  the  fifteenth,  day  from  hyperpyrexia,  cardiac  failure, 
pulmonary  cedema,  or  from  complications.  Mild  types,  showing 
only  the  bite  and  the  enlargement  of  the  lymphatic  glands,  and 
associated  with  but  little  fever  or  eruption,  quickly  end  in  recovery. 

Complications. — ^The  commonest  complications  are  parotitis, 
melaena,  mania,  and  cardiac  failure  with  pulmonary  oedema. 

Diagnosis. — ^The  differential  diagnosis  from  Rocky  Mountain 
spotted  fever  and  typhus  has  already  been  discussed  (p.  716).  At 
the  onset — when  the  inguinal  or  other  lymphatic  glands  are  enlarged 
and  painful — plague  might  be  suspected.  The  presence  of  the 
necrotic  area,  and,  in  any  doubtful  case,  the  microscopical  examina- 
tion of  the  gland  juice,  will  enable  a  diagnosis  to  be  made. 

Prognosis. — ^The  prognosis  is  good  in  the  young,  and  in  second 
and  third  attacks,  which  are  always  milder  than  the  first.  It, 
however,  gets  worse  as  age  progresses,  and  especially  in  first  attacks. 
The  mortality  is  about  30  per  cent.,  but  increases  markedly  with 
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^XXl.'Sl  Ihr  ""'  ^^  ^'^  '^^^'  ^^^  57  per  cent,  in  the 

infl;!"!f.?^°l!*~P''''''?  ''  generally  administered,  but  it  does  not 
influence  the  fever  to  any  marked  extent.  Narcotics  may  be 
rTf^f  K  ''°'^^^}  ^^^  sleeplessness,  and  constipation  must  be 
reieved  by  purgatives  and  enemata.  Phenacetin,  antipyrin,  and 
salicylates  are  generally  badly  borne  by  the  patient 

Prophylaxis.— The  prophylaxis  consists  in  the  avoidance  of  the 
infective  regions  during  the  months  of  July  to  October  inclusive, 
while  the  cultivation  of  the  infected  regions,  and  especially  the 
planting  of  Eucalyptus  globulus  and  Paulonnia  imperialis,  are 
advised,  as  well  as  the  smearing  of  the  exposed  parts  of  the  body 
with  eucalyptus  ofl  and  balsam  of  Peru,  which  are  said  to  keep 
away  the  mites.  ^ 

The  natives  believe  that  the  manuring  of  the  infected  lands  with  human 
taeces  for  three  consecutive  years  will  make  them  free  from  the  mites,  provided 
there  is  no  floodmg  during  that  period. 

THE  TICK  FEVER  OF  MIANA. 

Definition. — A  specific  fever  of  unknown  cause,  brought  about  by  the  bite 
of  a  tick  (Argas  persicus  Oken  1818). 

_  Historical. — Dupre,  in  1809,  first  described  this  disease,  stating  that  the 
bite  of  A.  persicus,  locally  known  as  '  Guerib-guez,"  '  Garib-guez,"  '  Miane- 
bug,'  or  '  punaise  de  Miana  '  (Mallet  de  Miandh),  was  at  times  dangerous,  ■ 
producing  prolonged  illness.  Kotzebue,  in  1819,  stated  that  the  natives 
were  immune,  and  only  foreigners  suffered.  Fischer  de  Waldheim,  in  1823, 
said  that  the  bite  was  fatal,  and  Heller,  in  1858,  described  the  effects  as  being 
caused  by  the  mechanical  injury  of  the  bite  of  the  tick.  Taschenburg,  in 
1873,  considered  the  symptoms  to  point  to  a  disease,  and  not  merely  to  the 
effects  of  the  bite  of  the  tick  ;  and  Schlimmer,  in  1874,  considered  the  im- 
munity of  the  natives  to  be  due  to  the  fact  that  they  had  been  bitten,  and 
so  become  vaccinated.  Megnin,  in  1882,  showed  that  the  bite  per  se  was  not 
dangerous,  and  later  was  supported  by  Fumouze  and  Loundsbury. 

etiology. — The  causation  of  the  disease  is  quite  unknown,  but  some  virus 
must  be  inoculated  when  the  tick  bites,  for  the  disease  is  apparently  confined 
to  Persia  ;  and  the  experiments  of  Megnin,  Loundsbury,  and  others  show  that 
in  certain  regions  the  effects  of  the  bite  are  insignificant. 

Manson  thinks  that  this  virus  will  some  day  be  found  to  be  a  spirochaste, 
which,  indeed,  is  not  unlikely,  as  A .  persicus  is  well  known  to  be  the  carrier 
of  SpirochcBta  marchouxi  Nuttall  1904,  which  causes  a  very  fatal  disease  in 
fowls.  Native  Persians  probably  develop  a  relative  immunity  due  to  previous 
slight  infections,  but  newcomers  suffer  severely. 

Symptomatology. — The  knowledge  of  the  symptoms  of  the  disease  is  very 
meagre.  Severe  pain  is  felt  at  the  site  of  the  bite  of  the  tick,  and  this  is 
followed  by  remittent  fever  lasting  from  a  few  days  to  several  weeks,  delirium, 
convulsions,  and  even  at  times  by  death. 

Treatment. — The  treatment  is  entirely  symptomatic. 

Prophylaxis. — According  to  Nuttall,  the  Persians  burn  their  villages  when 
they  suffer  severely  from  the  attentions  of  the  tick.  In  order,  however,  to 
devise  a  rational  method  of  prophylaxis,  it  must  be  remembered  that  A. 
persicus  is  essentially  a  parasite  of  the  domestic  fowl  and  other  birds,  and 
that  its  eggs  are  laid  in  batches  of  20  to  100  in  cracks  in  the  walls,  and 
take  three  weeks  to  develop  into  the  larva,  which,  after  sucking  blood,  in 
eight  days  becomes  the  nymph.  This  may  require  several  weeks  before  it 
becomes  the  adult,  which  is  said  to  feed  only  once  a  month.  After  consider- 
ing this  life-history,  it  will  be  obvious  that  fowls  should  be  disinfected  with 
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a  kerosene  emulsion,  creozozone,  or  oil  of  sassafras  in  the  case  of  old  birds, 
while  young  birds  may  be  isolated  in  cages  until  the  ticks  drop  off.  Houses 
and  fowl-houses  should  be  cleansed  and  treated  by  lime  and  corrosive  sub- 
limate, and  old  nests  and  roosts  should  be  burnt,  and  after  that  the  new 
fowl-houses  may  be  sprayed  with  kerosene  emulsion. 

THE  INTERMITTENT  TICK  FEVER  OF  WYOMING. 

D.eflnltion. — An  intermittent  fever  due  to  the  bite  of  Dermacentor  occi- 
dentalis. 

History  and  Geography. — This  fever  was  described  by  KiefEer  in  1907 
as  being  found  at  Fort  D.A.  Russell,  in  Wyoming,  United  States  of  America, 
but  his  account  so  far  has  not  been  confirmed. 

etiology. — The  fever  comes  on  after  the  bite  of  D.  occidentaKs — i.e.,  the  same 
tick  which  causes  the  spotted  fever  of  the  Rocky  Mountains — but  no  specific 
organism  has  so  far  been  described. 

Symptomatology. — The  incubation  period  varies  from  three  to  seven  days, 
after  which  the  disease  begins  suddenly  with  a  rigor,  nausea,  vomiting,  and 
pains  in  the  joints  and  muscles.  The  temperature  rises  to  103°  F.  to  104°  F., 
and  continues  high  for  twenty-four  to  forty-eight  hours,  after  which  a  remis- 
sion of  forty-eight  hours  occurs,  and  then  another  attack,  and  so  on  for  three 
to  seven  attacks.  Less  frequently  the  attack  resembles  typhoid,  with  a 
ladder-like  rising  temperature  and  abdominal  symptoms,  but  Widal's  reac- 
tion is  absent.  There  is  marked  decrease  of  the  erythrocytes  and  haemo- 
globin, and  a  slight  lymphocytosis,  due  to  increase  in  the  number  of  the 
large  mononuclear  leucocytes. 

Treatment. — Hypodermic  injections  of  arsenic  in  some  form  are  recom- 
.  mended  as  the  best  treatment  for  the  disease. 
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CHAPTER  XXVII 
THE  KALA-AZARS. 

Indian  kala-azar — Infantile  kala-azar. 

INDIAN  KALA-AZAR. 

Synonyms. — ^Tropical  Febrile  Splenomegaly,  Kala  Dukh,  Dum-Dum 
fever,  Non-malarial  Remittent  fever,  and  Cachectic  fever. 

Definition. — A  subacute  or  chronic  specific  febrile  disease  caused  by 
Leishmania  donovani,  and  possibly  spread  bymeans  of  scmeCimicidcB. 

History. — In  1869,  when  the  district  of  the  Garo  hills  was  first 
occupied  by  the  British,  a  disease  believed  to  be  a  very  severe  form 
of  malarial  cachexia  was  found  to  be  endemic.  This  disease  the 
Garos  called  '  kala-azar,'  which  means  the  black  fever,  so  named 
from  the  appearance  of  the  victims.  In  1875  it  began  to  spread, 
and  became  epidemic,  and  by  its  high  death-rate  attracted  atten- 
tion. In  1882  the  first  account  of  the  disease  was  published  by 
Clarke  from  notes  of  120  cases  compiled  by  McNaught,  the  civil 
Medical  Officer  of  the  district.  In  1889,  when  it  had  spread  into 
Assam,  following  the  lines  of  human  intercommunication,  Giles 
investigated  the  epidemic,  and  concluded  that  it  was  agchylosto- 
miasis.  In  1894  Stephens,  in  his  yearly  report,  stated  that  the 
disease,  though  allied  to,  was  distinct  from  malaria.  In  1897 
Rogers  reported  that  it  was  malarial,  and  this  was  further  supported 
by  Ross  in  1899.  In  1902  Bentley  ascribed  the  disease  to  Micro- 
coccus melitensis,  on  the  basis  of  serum  reactions. 

Up  to  this  point  the  history  of  the  disease  remarkably  resembles 
the  present  history  of  blackwater  fever.  A  change  now  comes 
over  the  aetiology,  for,  in  1900,  Colonel  Leishman  found  the  parasites 
already  described  under  the  heading  Leishmania  donovani  in  films 
taken  post-mortem  from  the  spleen  of  a  soldier  who  died  in  Netley 
from  fever  contracted  at  Dum-Dum,  but  he  did  not  publish  this 
discovery  till  1903.  In  July,  1903,  Donovan  observed  the  same 
parasite  in  blood  obtained  by  splenic  puncture  performed  during 
life.  In  1904  Christophers  published  a  valuable  report  on  the 
parasite  and  the  disease,  and  in  the  same  year  Rogers  observed 
the  development  of  the  parasite  into  a  flagellate  organism  when 
splenic  blood  was  incubated  at  22°  C.  in  citrate  of  soda  solution. 
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In  1907  Patton  showed  that  the  parasite  could  be  found  in  numbers 
lying  in  the  leucocytes  in  the  peripheral  blood,  and,  further,  that  it 
became  flagellated  in  the  alimentary  canal  of  bugs.  In  1905 
Pianese  found  similar  parasites  in  cases  of  splenomegaly  in  children 
in  the  South  of  Italy,  and  afterwards  Nicolle  made  the  same  obser- 
vation in  Tunis  (see  p.  730) . 

In  addition  to  the  above-named  investigators,  much  work  has 
been  done  by  Sir  Patrick  Manson,  Low,  Statham,  and  others. 

Climatology. — Kala-azar  is  endemic  in  parts  of  India,  especially 
in  Assam,  Madras,  and  Calcutta,  but  can  at  times  become  epidemic. 
It  is  also  found  in  Arabia,  Ceylon,  Burmah,  Indo-China,  and  China. 
In  North  Africa  it  is  known  in  the  Sudan  and  Egypt,  while  a 
similar  condition  has  been  reported  in  Tunis  and  Algeria,  in  Sicily, 
in  Crete,  and  other  islands  of  the  Mediterranean.  Probably  it  is 
much  more  widespread  than  is  at  present  known. 

yEtiology. — ^The  parasite  Leishmania  donovani  is  the  cause  of  the 
disease,  and  it  is  possibly  introduced  into  the  human  body  by  the 
bite  of  some  species  of  the  Cimicidse.  Donovan  is  inclined  to  incul- 
pate a  Conorhinus. 

The  predisposing  causes  appear  to  depend  upon,  and  be  capable 
of  explanation  by,  the  habits  of  bugs,  as  shown  by  Patton.  Thus 
the  disease,  when  epidemic,  always  spreads  relatively  slowly  along 
channels  of  human  intercommunication,  and  apparently  is  'directly 
due  to  the  introduction  of  an  infected  human  being  into  the  district. 
It  runs  in  families,  in  which  children  particularly  suffer,  while  the 
class  of  people  who  are  mainly  affected  are  the  poorer  sections  of 
the  European  and  native  communities.  Season  and  sex  appear  to 
have  no  influence,  but  there  is  no  doubt  about  the  infection  of  the 
dwelling,  nor  of  the  capability  of  the  disease  of  spreading  from  one 

dwelling  to  another.  ,      ,     -,      ,1 

Pathology. Introduced  into  the  body,  the  parasite  appears  to 

enter  the  endothehal  cells  of  a  capillary  bloodvessel  or  lymphatic, 
and  to  grow  therein,  and  to  increase  in  numbers  by  simple  fission 
until  a  very  large  number  —  Leishman  says  upwards  of  220  — 
may  be  counted  in  one  cell.  The  organs  principally  affected 
in  this  manner  are  the  liver,  spleen,  bone-marrow,  and  lymphatic 
glands,  and,  to  a  less  extent,  the  pancreas,  kidneys,  suprarenals, 

*^The%^^?tes  may  now  escape  from  the  enclosing  cell  by  rupture, 
and  are  then  taken  up  by  the  leucocytes,  particularly  by  the  poly- 
morphonuclears, but  also  by  the  mononuclears  and  rarely  by  the 
Sophiles,  by  means  of  which  they  appear  m  the  peripheral 
Sood  even  n  early  cases,  but  are  much  more  common  late  m  he 
dsease  especially  if  there  is  diarrhoea  due  to  ulceration  of  the 
intestTne  £  which  condition  the  polymorphonuclear  leucocytes 
Ire  increased  in  numbers  in  the  peripheral  blood,  and  many  of 
are  increabcu  ^  ™      further  development  takes  place  m 

tr^.:^^^^^^i^'^^^^y  d- -bed,  but'the  full  life  cycle  has 
still  to  be  worked  out. 
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By  some  means  or  other  the  parasite  irritates  the  organ  it  infects, 
causing  marked  changes  in  the  spleen,  liver,  and  bone-marrow,  and 
also  causing  ulceration  of  the  intestine  and  skin. 

The  Blood.— The  examination  of  the  blood  is  most  important, 
because,  firstly,  the  parasite  may  be  found  in  a  leucocyte  if  carefully 
looked  for,  even  in  the  early  stages  of  the  disease  ;  secondly,  the 
leucocytic  changes  are  of  the  utmost  importance.  There  is  marked 
anemia— 54-2  per  cent,  of  Rogers'  cases  giving  from  4,000,000  to 
2,500,000  corpuscles  per  cubic  miUimetre — and  the  haemoglobiri  is 
reduced  in  proportion  to  the  erythrocytes,  the  colour-index  being 
normal.  There  is  a  most  marked  leucopenia,  and  Rogers  reports 
that  in  42-1  per  cent,  of  his  cases  the  leucocytes  were  1,000  or  less, 
in  30-3  per  cent.  1,000  to  2,000,  and  in  22-6  per  cent.  2,000  to  3,000. 
The  proportion  of  white  to  red,  according  to  the  same  author,  is 
less  than  i  :  1,500  in  67-9  per  cent.,  or,  if  inflammatory  cases  are 
excluded,  in  nearly  90  per  cent,  of  the  cases  he  examined.  There 
is  a  reduction  in  the  polymorphonuclear  leucocytes  and  in  the 
eosinophiles,  and  an  increase  in  the  mononuclear  leucocytes  and 
lymphocytes.  The  diminution  of  the  polymorphonuclear  leuco- 
cytes is  thought  to  explain  the  tendency  to  bacterial  infections. 
The  coagulability  of  the  blood  is  decreased,  which  explains  the 
tendency  to  haemorrhage,  and  renders  splenic  puncture  very 
dangerous. 

The  Urine. — The  urine  in  our  cases  did  not  show  anything 
abnormal. 

Morbid  Anatomy. — ^The  body  is  much  emaciated,  aVid  there  is 
marked  muscular  atrophy,  together  with  oedema,  enlargement  of 
the  spleen,  and  often  of  the  liver,  ulceration  of  the  skin  and  intestine, 
sometimes  haemorrhage  in  various  places,  and  generally  the  presence 
of  some  complication.  The  spleen  is  greatly  enlarged,  firm,  and 
deep  red  in  colour,  though  it  may  at  times  show  malarial  pignient. 
The  capsule  and  septa  are  thickened,  and  the  whole  organ  is  con- 
gested with  blood,  and  contains  numerous  mononuclear  cells  and 
macrophages  full  of  parasites. 

In  the  liver,  which  may  or  may  not  be  enlarged,  the  most  marked 
changes  are  in  the  intralobular  capillaries,  which  are  dilated  and 
contain  macrophages,  derived  from  their  endothelial  wall,  full  of 
parasites,  whUe  the  liver  cells  are  atrophied  and  degenerated. 
Cirrhosis  has  been  noted  in  some  cases. 

The  bone-marrow  contains  numerous  parasites  in  the  usual  cells, 
and,  as  in  malaria,  the  yellow  marrow  is  converted  into  red,  and  is 
soft  and  diffluent.  The  skin  may  show  papules  and  ulcers,  in  which 
the  parasites  can  be  found,  while  the  colon  is  often  ulcerated,  or 
shows  the  cicatrices  of  old  ulcers. 

Symptomatology. — ^The  incubation  period  appears  to  be  very 

variable,  and,  indeed,  it  is  difficult,  in  a  chronic  disease  of  this  nature, 

to  decide  when  it  first  begins.     It  is  said  to  range  from  three  weeks 

to  several  months. 

The  onset  may  be  heralded  by  a  rigor,  which  may  be  repeated 
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daily,  and  by  an  attack  of  irregular,  high,  remittent  fever,  which 
may  early  show  two  remissions  per  diem  in  a  four-hourly  tempera- 
ture chart.  This  double  remission  is  considered  by  Rogers  to  be 
almost  diagnostic  of  the  disease.  Towards  the  end  of  the  third 
to  sixth  week  of  the  fever  'the  temperature  declines,  and  the  initial 
stage  of  the  disease  may  be  said  to  have  terminated.  During  this 
period,  however,  the  spleen  and  liver  will  have  enlarged,  and  may 
be  both  painful  and  tender.     Headache  is  present  at  times,  but  is 

not   severe.     Nausea   and  __ 

vomiting  are  unusual,  while 
the  bowels  are  regular,  and 
there  is  no  abdominal  dis- 
tension. The  pulse  may 
be  slow  or  quick. 

The  attack,  however, 
may  begin  with  a  continu- 
ous fever,  which  shows  two 
fluctuations  in  the  twenty- 
four  hours,  which  Rogers 
considers  as  almost  diag- 
nostic of  the  disease.  In 
other  cases  the  disease  may 
begin  with  gastro-intestinal 
disturbances  or  with  dysen- 
teric symptoms,  or  quietly, 
without  any  marked  initial 
stage,  the  patient  gradually 
developing  an  enlarged  liver 
and  spleen,  anaemia  and 
weakness. 

The  course  of  the  disease, 
after  the  decHne  of  the 
temperature,  is  marked  by 
what  is  called  an  apyrexial 
interval  ;  but  it  appears 
that — in  some  cases,  at  all 
events — there  is  a  slight 
daily  rise  of  temperature, 
not  exceeding  100°  F. 
After  some  weeks  this 
apyrexial  interval  ends  in  an  attack  of  fever  resembhng  the  onset. 
Periods  of  apyrexia  and  pyrexia  now  alternate  with  one  another,  wmie 
the  spleen,  and  sometimes  the  liver,  enlarge.  Anaemia  commences  and 
increases,  while  asthenia  not  merely  appears,  but  deepens,  untu  tne 
wretched  patient  presents  the  typical  appearance,  which  may  be 
described  Is  follows:  He  is  thin  and  wasted,  with  the  ^^Jdomen 
much  swollen  and  protuberant,  the  chest  so  thin  that  the  ribs  show 
clearly,  the  arms  and  legs  wasted,  the  cheeks  sunken,  the  nose 
sharp:  and  the  ankles  puffy,  while  the  skin  and  tongue  are  often 


Fig.  296. — Indian  Kala-Azar. 
The  distension  of   the  abdomen  by  the 
greatly  enlarged   spleen   should   be  noted. 
Photograph  of  a  case  in  the  Tropical  Clmic, 
Colombo. 


728  THE  KALA-AZARS 

distinctly  darker  than  they  should  be,  the  former  being  fur- 
furaceous. 

On  examining  the  swollen  abdomen,  the  enlarged  spleen  may  be 
felt  reaching  almost  to  the  pelvis,  while  the  enlargement  of  the 
liver  may  be  marked  or  may  be  absent.  '  In  this  condition  intestinal 
disturbances  in  the  form  of  diarrhoea  or  dysenteric  attacks  are 
common,  and  may  be  due  to  the  actual  disease  or  to  complication 
with  true  dysentery.     Dyspeptic  symptoms  may  also  be  present. 

Haemorrhages  may  occur  from  the  nose,  the  gums,  the  stomach, 
the  bowels,  or  under  the  skin.  Papular  eruptions  are  to  be  seen, 
especially  on  the  thighs,  and  ulcers  may  be  present.  The  weakened^ 
emaciated  patient  may  now  die  of  asthenia,  but  more  usually  the 
long-drawn-out  illness  is  brought  to  a  close  by  some  complication. 
The  total  duration  varies  from  about  seven  months  to  two  years, 
and  generally  ends  fatally. 

Complications. — It  appears  as  though  the  reduction  in  the  number 
of  the  polymorphonuclear  leucocytes  laid  the  patient  open  to  in- 
vasion by  pathogenic  bacteria,  for  septic  infections,  such  as  cancrum 
oris,  or  lung  infections — for  example,  pneumonia,  phthisis,  and 
pleurisy — or  abdominal  troubles  of  the  nature  of  diarrhoea,  dysen- 
tery and  cystitis,  are  not  uncommonly  met  with,  and  may  cause 
the  death  of  the  patient.  Sometimes,  after  a  severe  attack  of 
septicaemia  or  some  other  complication,  the  disease  is  found  to  be 
cured,  but  this  is  rare. 

Diagnosis. — ^The  only  certain  method  of  diagnosis  is  to  find  the 
parasite,  and  as  Donovan  and  Patton  have  reported  its  frequent 
occurrence,  even  in  early  stages,  in  the  peripheral  blood,  this  should 
be  possible,  especially  if  aided  by  dilution  with  normal  saline 
solution,  and  centrifugalization  and  examination  of  the  leucocytes. 
In  our  experience,  the  search  for  the  parasite  in  the  leucocytes  of 
the  peripheral  blood  requires  an  extremely  long  time,  and  is  often 
negative.  If  the  parasites  cannot  be  found  in  the  blood,  an  attempt 
may  be  made  to  find  them  by  the  examination  of  the  exudate 
obtained  by  exciting  artificial  pustulation  of  the  skin  by  some 
irritant,  as  suggested  by  Major  Cummins.  FaiHng  this,  there  is 
puncture  of  the  spleen  or  of  the  liver,  and  withdrawal  of  blood, 
which  can  be  examined  by  the  microscope.  The  diagnostic  punc- 
ture of  the  spleen  in  the  tropics  is,  however,  not  to  be  undertaken 
lightly,  because  splenic  enlargement  due  to  leukaemia  is  by  no  means 
unknown,  and  puncture  of  the  spleen  in  this  disease,  or,  indeed, 
in  that  of  chronic  malaria,  may  lead  to  most  unfortunate  results. 
The  blood  of  the  peripheral  circulation  should  therefore  be  examined 
to  exclude  leukaemia.  - 

Certainly,  the  first  thing  to  do  is  to  examine  the  peripheral  blood 
and  exclude  leukcemia.  Secondly,  the  coagulability  of  the  blood 
should  be  tested  by  Wright's  method,  and  if  found  to  be  decreased, 
the  puncture  should  not  be  performed.  Thirdly,  if  the  puncture 
is  to  be  carried  out,  the  liver  should  be  chosen  for  exploration,  not 
the  spleen,  particularly  in  the  later  stages,  in  which  haemorrhages 
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are  to  be  feared.  In  the  early  stages  there  may  not  be  so  much 
risk,  but  it  must  be  done  with  the  greatest  care,  aseptically,  and  the 
patient  must  be  kept  at  rest  for  some  time  afterwards,  the  site  of 
puncture  being  covered  with  an  aseptic  pad  and  a  firm  bandage. 
The  syringe  should  be  sterile,  and  perfectly  dry.  Rogers  recom- 
mends that  a  dose  of  30  grains  of  calcium  chloride  in  a  couple  of 
ounces  of  water  be  administered  directly  after  a  puncture,  in  order 
to  promote  coagulability  of  the  blood. 

In  the  early  stages  the  diagnosis  has  to  be  principally  made  from 
acute  malaria  and  typhoid,  when  the  positive  signs  in  favour  of 
kala-azar  are :  (i)  Presence  of  the  characteristic  daily  double 
remission  of  the  fever ;  (3)  absence  of  constitutional  symptoms, 
proportional  to  the  severity  of  the  fever  ;  (3)  absence  of  malarial 
parasites  and  Widal's  reaction,  though,  of  course,  the  latter  reaction 
is  negative  in  true  typhoid  during  the  first  week  ;  (4)  marked 
enlargement  of  the  spleen  ;  (5)  great  leucopenia,  especially  in  rela- 
tion to  the  erythrocytes,  which,  however,  may  also  be  found  in 
typhoid  and  malaria  ;  (6)  increase  in  mononuclear  leucocytes  ; 
(7)  presence  of  Leishmania  donovani  in  the  leucocytes. 

In  advanced  cases  the  diagnosis  has  to  be  made  from  malarial 
cachexia  and  agchylostomiasis  by  (i)  the  presence  of  Leishmania 
donovani  in  the  leucocytes  of  the  peripheral  blood,  or  in  the  juice 
from  the  liver  and  spleen  ;  (2)  by  the  absence  of  the  typical  febrile 
attacks  of  subtertian  or  tertian  fever;  (3)  by  the  absence  during 
the  febrile  attack  of  malarial  parasites  ;  (4)  by  the  absence  of 
agchylostomes,  or,  if  they  are  present,  by  the  continuation  of  the 
S5miptoms  after  their  expulsion.  Mixed  infections  of  kala-azar 
and  malaria  may  occur. 

Prognosis. — ^The  prognosis  is  extremely  bad,  for  the  mortality 
appears  to  vary  from  70  per  cent,  with  vigorous  quinine  treatment 
to  98  per  cent,  without  this.  It  is  true  that  some  people  recover 
after  having  nearly  died  from  a  complication,  or,  more  rarely, 
without  this  episode,  but  why  they  recover  is  not  known. 

Leucocytosis  and  increase  of  the  polymorphonuclears  are  con- 
sidered to  be  good  signs,  while  leucopenia  and  polymorphonuclear 
decrease  are  bad  signs.  Complications,  of  course,  increase  with  the 
gravity  of  the  prognosis. 

Treatment. — ^The  aim  of  the  treatment  is  to  kill  the  parasites, 
and  for  this  purpose  Manson  and  Low  recommended  the  trial  of 
intramuscular  injection  of  atoxyl  every  day  or  every  second  day 
in  doses  of  3  grains.     Manson  has  reported  two  successful  cases. 

Rogefs  recommends  large  doses  of  quinine — i.e.,  60  to  90  grains 
per  diem,  to  be  given  until  the  temperature  falls  and  becomes  of  a 
low,  intermittent  type,  and  then  20  grains  every  morning. 

In  our  experience  the  best  treatment  is  the  administration  of 
quinine  in  massive  doses  by  intramuscular  injections,'  supple- 
mented by  a  course  of  quinine  cacodylate  injections,  or  atoxyl 
injections.  One  of  our  patients  apparently  recovered  on  a  treat- 
ment of  quinine  sulphate   (30  grains)   and   euquinine   (30  grains) 
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daily  by  the  mouth,  together  with  a  daily  intramuscular  injection 
of  quinine  hydrochloride  (15  grains)  alternating  with  one  of  quinine 
cacodylate  (4  grains).  Manson  has  advised  antimonial  prepara- 
tions, and  Roger  a  staphylococcal  vaccine. 

The  further  treatment  is  purely  symptomatic  ;  thus  parasites 
such  as  agchylostomes,  ascarides,  etc.,  must  be  got  rid  of.  The 
patient  should  have  good  hygiene  and  good  food.  Haemorrhagic 
symptoms  should  be  treated  by  calcium  chloride,  and  diarrhoea  and 
dysenteric  symptoms  require  the  remedies  mentioned  under 
Dysentery. 

The  question  whether  inoculation  with  the  scrapings  of  a  Delhi  boil  does 
any  good  has  not  yet  been  answered. 

Prophylaxis. — It  would  appear  as  though  prophylaxis  should  be 
conducted  on  the  lines  of  bug  extermination,  already  described  in 
the  chapter  on  Diptera.  It  appears  that,  in  contrast  to  what  is 
the  case  with  infantile  kala-azar,  dogs  are  not  carriers  of  the  disease. 

INFANTILE  KALA-AZAR. 

Synonym. — Febrile  splenic  ansemia  (Fede).  Ancemia  infantum  a 
Leishmania  (Pianese) . 

Definition. — Infantile  kala-azar  is  a  subacute  or  chronic  specific 
disease  due  to  Leishmania  infantum  NicoUe,  and  clinically  closely 
resembling  Indian  kala-azar. 

Historical  and  GeographicaL — Fede  several  years  ago  described 
in  Italy  a  form  of  splenic  anaemia  among  young  children  charac- 
terized by  irregular  fever,  progressive  anaemia,  and  a  fatal  ending. 
He  considered  it  a  disease  by  itself,  separating  it  from  the  non- 
febrile  type  of  splenic  anaemia.  Pianese  in  1905  called  attention 
to  the  similarity  of  the  symptoms  of  Fede's  splenic  anaemia  with 
kala-azar,  and  described  parasitic  bodies  in  the  spleen  of  the 
affected  children  morphologically  identical  with  Leishmania  dono- 
vani.  Later  NicoUe  suggested  for  the  disease  the  name  of  '  infantile 
kala-azar,'  and  completed  the  study  of  the  parasite,  which  he 
called  Leishmania  infantum.  Gabbi  apparently  considers  the 
disease  to  be  identical  with  Indian  kala-azar,  having  found  it  also 
among  adults. 

The  malady  is  met  with  in  Sicily,  Southern  Italy,  and  northern 
regions  of  Africa.  Future  investigations  will  probably  show  that 
it  is  endemic  in  many  other  countries. 

etiology. — The  malady  is  due  to  Leishmania  infantum-  NicoUe. 
The  description  of  this  parasite  wUl  be  found  in  Chapter  XII. 
NicoUe  has  succeeded  in  reproducing  the  disease  in  monkeys,  and 
less  typically  in  dogs.  He  has  also  found  that  dogs  may  be  spon- 
taneously affected  with  L.  infantum — in  fact,  in  his  opinion,  the 
dog  acts  as  a  reservoir  of  the  virus,  and  its  ectoparasites,  such 
as  fleas,  may  possibly  serve  as  the  transmitting  agent  to  human 
beings. 
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Pathology. — The  pathology  has  been  carefully  studied  by  Pianese, 
who  finds  that  the  post-mortem  lesions  are  similar  to  those  observed 
in_  Indian  kala-azar,  the  spleen  and  liver  being  greatly  enlarged. 
Microscopically,  there  is  great  increase  of  the  lymphoid  tissue  in 
the  spleen  and  hypertrophy  of  the  islands  of  Langerhans  iti  the 
pancreas.  In  the  bone-marrow  there  is  hyperproduction  of  the 
myeloid  and  lymphoid  tissues. 

Symptomatology.  —  Clinically  the  disease  can  hardly  be  dis- 
tinguished from  kala-azar,  except  by  the  fact  that  it  generally 
affects  very  young  children  between  one  and  six  years  of  age.  It 
usually  commences  with  irregular  attacks  of  fever,  which  do  not 
subside  under  quinine  administration.  A  progressive  anaemia 
develops,  the  blood  showing  a  great  decrease  in  the  number  of 
erythrocytes.  The  leucocytes  are  decreased  in  number,  the  leuco- 
cytic  formula  being  mononuclear.  Gradually  the  spleen  and  liver 
become  greatly  enlarged,  and  the  general  condition  worse,  the  child 
showing  an  emaciated  appearance  and  a  bulging  abdomen.  Tran- 
sitory oedema  of  the  face,  hands,  and  feet  may  appear,  and  in 
several  cases  cutaneous  haemorrhages  may  develop  in  the  last  stage. 
The  duration  of  the  malady  varies  between  a  few  months  and 
several  years,  and  generally  terminates  fatally.  Occasionally 
apparent  recovery  may  take  place,  according  to  NicoUe. 

Diagnosis. — Irregular  fever,  not  influenced  by  quinine,  in  a  very 
ansemic  child  with  enlargement  of  the  spleen  should  always  arouse 
the  suspicion  of  infantile  kala-azar.  A  definite  diagnosis  can 
only  be  made  by  finding  L.  infantum  in  the  splenic  or  liver  juice 
obtained  by  puncture,  the  technique  of  which  has  already  been 
given  above. 

Pianese  recommends  the  puncture  of  the  superior  epiphysis  of  the  tibia  and 
the  microscopical  examination  of  the  marrow,  which  is  richer  in  parasites 
than  the  spleen  or  liver. 

Treatment. — This  is  most  unsatisfactory.  The  same  drugs 
may  be  used  as  in  kala-azar,  only,  of  course,  in  smaller  doses. 
Atoxyl  is  perhaps  the  best. 
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CHAPTER  XXVIII 
THE   TRYPANOSOMIASES 

Synonyms  —  Definition  —  History  —  Geographical  distribution  and  Epi- 
demiology— etiology — Pathology — Symptomatology — Diagnosis — Prog- 
nosis— Treatment — Prophylaxis — References. 

AFRICAN  TRYPANOSOMIASIS  (SLEEPING  SICKNESS). 

Synonyms.  —  Sleeping  Dropsy,  Negro  Lethargy,  Morbus  Dormi- 
tivus,  Maladie  du  Sommeil  (French),  Afrikanische  Schlafkrankheit 
(German),  Trypanosomen  Fieber  (German),  Doen^a  de  Sonno 
(Portuguese),  Letargia  dei  Negri,  Malattia  del  Sonno  (Italian). 
Native  names  are  very  numerous — Lalangola,  Laa  La-negulo, 
N'tansi,  Mongota,  Konje  Md.rree,  Tula  Manugina,  Nelavare,  Dadane, 
Toruahebue,  etc. 

Definition. — ^Trypanosomiasis  is  an  acute  or  chronic  specific  infec- 
tion, caused  by  Trypanosoma  gambiense  Button  and  disseminated 
by  Glossina  palpalis  Robineau-Desvoidy,  and  characterized  by  an 
inflammatory  condition  of  the  lymphatic  system  leading  to  a 
meningo-encephalitis  and  a  meningo-myelitis. 

History. — No  mention  of  sleeping  sickness  is  to  be  found  by 
writers  in  the  eighteenth  century,  and  it  is  not  until  1803  that 
Winterbottom  gives  the  first  account  of  the  disease  as  he  met  with  it 
on  the  West  Coast  of  Africa  near  Sierra  Leone.  His  description  is 
quite  understandable,  and  he  draws  attention  to  the  presence  of 
the  enlarged  glands  of  the  neck,  the  association  of  which  with  the 
disease  was  so  well  understood  that  slave-traders  would  not  buy 
slaves  who  had  enlarged  glands. 

In  1808  Moreau  de  Jonnfes  drew  attention  to  the  disease  in  negro 
slaves  in  the  Antilles.  In  1849  Clarke  on  the  Gold  Coast,  Davis  and 
Daniell  on  the  Guinea  Coast,  and  Ferreira  at  St.  Thomas,  came  across 
it.  During  the  next  twenty  years  a  number  of  observers  described 
the  disease,  among  whom  it  is  important  to  note  that  Guerin  met 
with  it  in  1869  in  Martinique  in  negro  slaves  who  had  been  imported 
from  Africa.  In  1876  Corre  gave  a  good  description  of  the  disease 
as  he  knew  it  in  Senegal. 

In  1891  the  first  case  was  brought  to  London,  and  was  studied 
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by  Sir  Stephen  Mackenzie ;  and  in  1900  two  more  cases  were  brought 
to  London,  this  time  under  the  care  of  Sir  Patrick  Manson.  The 
morbid  anatomy  of  these  cases  was  carefully  studied  by  Dr.  Mott, 
who  has  done  so  much  to  clear  up  the  pathology  of  this  disorder. 

In  1901  Forde  and  Button  found  a  trypanosome,  T.  gambiense 
Button  1902,  in  the  blood  of  a  patient  suffering  from  a  peculiar  type 
of  fever  on  the  Gambia  (Gambia  fever,  Button's  disease).  In 
1902-03  Castellani  found  the  same  organism  in  the  cerebro- 
spinal fluid  of  persons  suffering  from  sleeping  sickness,  and  in  1903 
reported  that  it  was  the  setiological  basis  of  the  disease.  Low 
and  Castellani  gave  a  clinical  account  of  the  disease  which  is  largely 
followed  in  this  chapter,  and  Christy  published  many  interesting 
epidemiological  features  concerning  the  disease.  In  1903  Bruce 
and  Nabarro  showed  that  the  trypanosome  was  spread  by  Glossina 
palpalis  Robineau-Besvoidy,  a  conclusion  already  reached  by 
Sambon  and  Brumpt  on  epidemiological  grounds.  From  1903-05 
much  clinical,  experimental,  and  epidemiological  work  was  done  by 
Button,  Todd,  and  Christy,  the  Commissions  of  th«  Royal  Society 
and  various  Governments,  and  by  the  members  of  the  Liverpool 
School  of  Tropical  Medicine.  Recently  Kleine  has  experimentally 
shown  that  T.  gambiense  undergoes  a  cycle  of  development  in  the 
Glossina  palpalis. 

Koch,  Laveran,  Mesnil,  Minchin,  Blanchard,  Greig,  Gray,  TuUock, 
Kinghorn,  Montgomery,  Martin,  Leboeuf,  and  Roubaud,  have  all 
recently  studied  the  disease  and  its  epidemiology,  and  an  Inter- 
national Conference  was  held  in  1907  in  London,  and  a  Bureau  for 
the  study  of  the  disease  founded.  This  Bureau  is  at  present 
issuing  monthly  bulletins,  which  are  most  valuable  to  the  student 
of  the  disease. 

The  history  of  the  treatment  of  trypanosomiasis  has  been  re- 
viewed in  a  paper  by  Boyce  and  Breinl,  and  in  the  first  bulletin 
of  the  Bureau,  in  both  of  which  it  is  pointed  out  that  arsenic 
was  long  ago  considered  beneficial  for  the  trypanosomiases  of 
animals. 

Livingstone  first  applied  the  drug  to  a  horse  for  purposes  of 
treating  nagana.  Since  then  it  has  been  used  for  the  same  purpose 
by  several  persons,  notably  by  Lingard  (1893)  for  surra  and  by 
Bruce  (1896)  for  nagana,  while  Laveran  and  Mesnil  introduced 
sodium  arseniate  in  1902  for  the  same  disease,  while  E.  J.  Moore  and 
Chichester  advocated  the  use  of  hypodermic  injections  of  arsenic, 
and  Thomas  and  Breinl  of  the  same  of  sodium  arseniate.  In  the 
meanwhile  Manson  had  treated  several  cases  of  sleeping  sickness 
with  arsenic  (liquor  arsenicaHs)  ;  and  Ehrlich  and  Shiga  had 
treated  various  experimental  trypanosomiases  with  colouring  com- 
pounds belonging  to  the  benzo-purpurin  group,  of  which  tryphan- 
red  is  the  best  known.  Thomas,  in  1905,  first  brought  the  drug 
'  atoxyl '  to  the  notice  of  the  profession  as  a  means  of  treatment  of 
trypanosome  affections.  This  represents  so  far  the  greatest  pro- 
gress in  the  treatment  of  the  disease. 
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The  beneficial  action  of  atoyxl  in  sleeping  sickness  was  confirmed 
by  Broden,  Van  Campenhout,  Manson,  Koch,  and  many  others. 
In  1907  Ehrlich  and  his  pupils,  Franke  and  Roehl,  discovered  the 
very  important  fact  that  trypanosomes  may,  after  a  time,  become 
atoxyl-resistant.  Ehrlich  therefore  suggested  mixed  or  alternating 
treatment  with  various  preparations,  and  the  same  suggestion, 
though  based  on  different  grounds,  was  made  by  Moore,  Nieren- 
stein  and  Todd. 

Geography  and  Epidemiology.— The  disease  was  first  noticed  on 
the  West  Coast  of  Africa  at  Sierra  Leone,  but  was  soon  found  to 
extend  far  southwards,  and  was  also  noted  to  be  imported  from  this 
endemic  area  at  times  to  the  West  Indies,  where,  however,  it  soon 
died  out,  becoming  neither  epidemic  nor  endemic.  This  fact 
clearly  proved  that,  though  the  disease  may  be  introduced  by 
man  along  channels  of  intercommunication  into  a  strange  country, 
some  other  factor  is  necessary  before  it  can  spread  from  the  in- 
fected new-comer  to  the  inhabitants.  This  factor  we  now  know  to 
be  a  tsetse-fly.    ■ 

In  1882  the  disease  had  a  geographical  .distribution  from  Senegal 
to  Loando,  and  also  to  the  islands  of  the  Gulf  of  Guinea.  Gradu- 
ally, as  civilization  spread,  it  became  known  that  the  disease  was  not 
confined  to  the  coast,  but  extended  far  inland.  Thus,  in  1898  it 
was  known  to  be  at  Jebba,  on  the  Upper  Niger,  and  at  the  Stanley 
Falls,  on  the  Upper  Congo.  In  the  meanwhile  Stanley  had  travelled 
across  Africa  with  a  large  number  of  Congolese  followers,  and  had 
relieved  Emin  Pasha  and  his  followers  at  Wadelai,  on  the  Victoria 
Nile.  These  followers  of  Emin  Pasha,  together  with  some  of 
Stanley's  expedition,  who  had  settled  in  the  country  about  Kavali, 
to  the  west  of  the  Albert  Nyanza,  were  brought  by  Sir  F.  Lugard, 
for  political  reasons,  to  Busoga  and  Uganda.  It  appears  not  im- 
probable that  Christy  and  Hodges  are  correct  when  they  state  that 
they  believe  that  the  disease  was  carried  from  the  Congo  by  Stanley's 
men,  and  that  they  and  Emin  Pasha's  people  brought  the  disease 
with  them  into  Busoga  and  Uganda  when  they  were  moved  from 
Kavali.  But,  be  that  as  it  may,  the  fact  is  clear  that  when,  in 
1900,  the  Cooks  first  noticed  the  disease  in  Uganda,  it  was  wide- 
spread, and  had  been  there  for  some  time,  and  it  seems  probable  that 
Busoga  was  infected  in  1896.  Certainly,  in  1901,  Mengo,  the  Sese 
Islands,  and  the  western  shores  of  the  Victoria  Nyanza,  were  in- 
fected, and  the  disease  spread  in  1902  to  the  eastern  shores  and  to 
German  East  Africa. 

In  1904-05  Button  and  Todd  found  that  it  had  become  widely 
disseminated  throughout  the  Congo  Free  State,  spreading  by  human 
agency  along  trade  routes,  and  expressed  the  opinion  that  before 
long  it  would  pass  from  the  Congo  into  Eastern  Rhodesia ;  and, 
judging  from  the  1908  report  of  Kinghorn  and  Montgomery  this 
prophecy  is  coming  true,  for  the  disease  has  already  crossed  the 
frontier  to  the  south  of  Lake  Mweru ;  while  these  observers  consider 
that  it  will  also  be  introduced  across  the  frontier  between  that  lake 
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and  Tanganyika.*  It  appears  also  to  be  spreading  northwards  from 
Uganda,  for  Greig,  in  1904,  found  it  at  Wadelai,  on  the  Victoria  Nile, 
but  not  as  high  as  Nimuli.  Captain  Ensor,  in  his  report  published 
in  1908,  is  unable  to  state  definitely  whether  the  Bahr-el-Ghazal 
Province  of  the  Sudan  has  or  has  not  become  infected,  but  apparently 
considers  it  probable  that  it  has,  or  will,  become  so  infected. 

Therefore  the  distribution  of  the  disease  at  the  present  time  may 
be  said  to  extend  along  the  West  Coast  of  Africa,  from  St.  Louis,  in 
Senegal,  to  Mossamedes,  in  Angola  ;  from  the  coast  to  Timbucktu,  on 
the  Niger ;  through  the  whole  of  the  Congo  into  Uganda  and  Rhodesia ; 
from  Uganda  and  Busoga  southwards  to  German  East  Africa  ; 
and  northwards,  perhaps,  into  the  Bahr-el-Ghazal  Province.  The 
discovery  of  the  tsetse-fly  in 
Arabia  makes  it  possible 
that  the  disease  may  some 
day  still  further  extend  its 
area. 

There  does  not  appear  to 
be  any  seasonal  influence  on 
the  disease. 

.ffitiology. — The  older 
theories  of  emotion,  sun- 
stroke, beri-beri,  malaria, 
food  intoxication,  Filaria 
Persians,  Rhabdonema 
sir  ongy  hides,  Agchylostoma 
duodenale,  and  the  various 
bacterial  theories,  are  now 
merely  of  historic  interest, 
as  the  cause  of  the  disease  is 
known  to  be  Trypanosoma 
gamhiense  Dutton  1902,  for 
a  description  of  which  see 

Chapter  XII.  ,      .  ^    x- 

But  though  this  is  known,  and  also  that  the  mfection  can 
be  spread  by  the  bite  of  Glossina  palpalis  Robineau-Desvoidy 
(described  in  Chapter  XX.),  it  is  not  certain  that  other  flies  may 
not  also  help  in  the  dissemination  of  the  disease.  Hodges  con- 
siders that  the  evidence  of  the  theory  that  G.  palpahs  is  mamly 
responsible  for  the  disease  is  growmg  more  certam,  and  though 
Koch  shows  that  G.  fusca,  G.  pallidipes,  and  G.  morsitans  can 
become  artificially  infected,  this  must  be  exceptional  m  nature 
Mesnil  supports  this  theory  by  pointing  out  that  the  geographical 
distribution  of  the  disease  and  fly  agree,  still  there  are  observers 
who  think  differently.  Thus,  the  Liverpool  Expedition  imphcate 
G  fusca  G.  morsitans,  G.  pallidipes,  and  G.  longipalpis,  while 
Martin.  Leboeuf,  and  Roubaud  suspect  mosquitoes  belonging  to 
*  Whether  the  peculiar  disease  called  '  Gotsello  '  reported  in  N'ganiland 
is  sleeping  sickness  has  not  yet  been  decided. 


Fig.  297. — Trypanosoma  gambiense 
Button. 

Preparation  from  the  cerebro-spinal  fluid 
of  a  case  of  sleeping  sickness. 
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Stegomyia  and  Mansonia,  mostly  because  they  noted  the  infec- 
tion of  young  children  on  the  Congo. 

Manson,  having  noted  that  European  females  appear  specially 
liable  to  attack,  suggests  that  possibly  some  blood-sucking  para- 
site— i.e.,  a  pediculus  or  bug — may  have  something  to  do  with  the 
disease.  Koch  also  holds  that  the  disease  may  be  spread  by  sexual 
intercourse.  In  our  experience,  the  trypanosome  is  disseminated 
by  Glossina  palpalis  Robineau-Desvoidy,  and  practically  by  it  alone, 
as  shown  by  Bruce  and  Nabarro  and  Kleine.  According  to  some 
authorities,  the  tsetse-fly  acts  simply  as  a  carrier  of  the  trypano- 
some ;  according  to  others,. the  trypanosome  undergoes  in  it  a  true 
developmental  cycle.  The  latter  would  seem  to  be  the  true  ex- 
planation, as  Kleine  has  proved  that  infected  G.  palpalis  after  a 
period  of  non-infectivity  lasting  two  to  three  weeks,  becomes  again 
capable  of  transmitting  the  disease,  and  remains  infective  several 
months  and  perhaps  longer. 

Sambon  believes  that  the  trypanosome  will  be  found  to  infect 
the  larvae  of  the  flies,  and  that  the  infection  will  be  found  to  be  due 
to  the  second  generation,  but  at  present  there  is  no  proof  of  this. 
The  questions  as  to  where  and  how  the  fly  feeds  is  much  discussed. 
Koch  thinks  that  the  crocodile  is  essential  to  the  fly,  but  Hodges  has 
shown  that  the  Glossina  palpalis  exists  where  crocodiles  are  absent; 

To  summarize,  there  can  be  no  doubt  that  the  disease  is  caused 
by  Trypanosoma  gamhiense,  and  that  it  is  disseminated  by  G.  pal- 
palis, but  it  is  not  absolutely  proved  that  this  fly  alone  is  responsible, 
and  that  other  tsetse  or  blood-sucking  flies,  or  even  insects,  are 
incapable  of  spreading  the  disease,  though,  in  our  opinion,  the 
strongest  evidence  is  in  favour  of  G.  palpalis  as  being  alone  the 
disseminator  of  the  disease.* 

Race  has  not  been  noted  to  have  any  influence,  and  the  predispos- 
ing influences  of  sex  (female),  as  noted  by  Manson,  and  of  age  (young 
children),  as  noted  by  the  French  observers,  require  confirmation. 

Occupation,  however,  has  a  considerable  influence,  for  persons 
who  live  near  the  shores  or  work  along  the  shores,  such  as  fishermen, 
are  more  liable  than  others,  because  of  the  distribution  of  the  fly. 

Pathology. — The  pathology  of  the  disease  has  been  mainly 
elucidated  by  Mott  and  the  Portuguese  Commission  (Bettencourt, 
Kopke,  Rezeide,  and  Maude),  and  appears  to  be  a  chronic  inflam- 
mation of  the  lymphatic  system,  probably  caused  by  toxins  pro- 
duced by  T.  gambiense. 

The  trypanosome  either  enters  the  lymph-stream  directly  after 
the  bite  of  the  fly,  and  is  blocked  in  the  lymphatic  glands,  which 
it  inflames,  and  through  which  it  passes  to  the  blood-stream  and 
cerebro-spinal  fluid,  or,  less  probably,  it  enters  the  blood-stream 
first,  and  escapes  by  rupture  of  a  capillary  into  a  lymph  gland. 
But  the  polyadenitis  is  not  the  only  change  induced,  for  the  lym- 
phatic  tissues  of  the  intestine  (solitary  or  agminated  glands)  are 

*  Kleine  has  occasionally  observed  a  partial  development  of  the  trypano- 
some in  Glossina  morsitans,  but  these  flies  never  become  infective. 
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also  inflamed,  and  the  heart  and  other  organs  infiltrated  with 
lymphocytes.  This  stage  is  marked  by  fever,  but  sooner  or  later, 
as  a  .result  of  this  lymphatic  disease,  changes  are  induced  in  the 
membranes  and  substances  of  the  brain  and  spinal  cord  (chronic 
meningo-encephalitis  and  meningo-myelitis),  especially  along  the 
course  of  the  vessels,  which  result  in  the  proliferation  of  the  neu- 
roglia and  in  a  lymphocytic  accumulation  around  the  vessels.  Theee 
two  processes  compress  the  vessels,  and  lessen  the  supply  of  blood  to 
the  cells  of  the  brain  and  spinal  cord,  in  which,  as  the  result  of  mal- 
nutrition, changes  ensue,  which  produce  the  typical  symptoms  of  the 
cerebral  stage  of  the  disease,  which  is  often  called  sleeping  sickness.* 
Towards  the  end  secondary  infections  with  bacteria  may  take 
place,  the  most  constant  of  these  being  due  to  streptococci  and  the 
pneumococcus,  which  probably  shorten  the  life  of  the  patient. 

Cerebrospinal  Fluid. — The  cerebro-spinal  fluid  was  first  studied 
by  Castellani,  and  it  may  be  noted  here  that  it  was  during  his 
researches  on  the  leucocytic  formula  that  he  discovered  Trypano- 
soma gambiense  for  the  first  time  in  sleeping  sickness.  More  recent 
researches  are  those  by  Broden  and  Rodhain.  During  the  first 
stage  of  the  disease  it  is  usually  of  normal  appearance,  and  clear, 
while  on  centrifugalization  there  is  practically  no  sediment,  though 
occasionally  a  few  small  mononuclear  cells  may  be  present,  and 
trypanosomes  are,  as  a  rule,  absent. 

In  the  sleeping-sickness  stage  it  is  often  slightly  turbid,  and  con- 
tains an  amount  of  serum  albumin  and  serum  globulin ;  and  on 
centrifugalization  some  sediment  is  obtained,  consisting  of  a  few 
cells,  which  are  mostly  mononuclear  leucocytes,  endothelial-like 
and  vacuolated  cells,  while  trypanosomes,  adult  and  so-called 
amoeboid  forms,  are  almost  constantly  present. 

Morbid  Anatomy. — -The  macroscopical  changes  found  post- 
mortem are  principally  in  the  central  i^rvous  system  and  in  the 
lymphatic  glands,  but  pathological  changes  brought  about  by 
complications  may  also  be  noted. 

The  body  is  usually  emaciated  and  anaemic,  rigor  mortis  is  well 
marked,  and  the  skin  may  be  normal,  or  dry  and  desquamating, 
or  may  show  pustular  eruptions  on  the  hands  and  forearms,  or  ulcers 
on  the  feet  which  are  generally  due  to  jiggers  (Dermatophilus  pene- 
trans) .  Enlargement  of  the  Ijnnphatic  glands  of  the  neck  and  groins 
is  generally  easily  seen.  On  opening  the  brain-case,  it  will  be  noted 
that  the  under  surface  of  the  scalp  is  pale,  that  the  dura  mater 
may  or  may  not  be  adherent  to  the  bone,  that  the  cerebro-spinal 
fluid  is  increased  in  quantity,  and  the  gyri  of  the  brain  are  often  , 
flattened.  On  careful  examination,  the  pia-arachnoid  will  be  found 
to  be  thickened  in  places,  and  may  or  may  not  be  adherent  to  the 
grey  matter.  The  brain  substance,  which  is  generally  firmer  than 
normal,-but  may  be  soft  and  oedematous,  is  usually  congested,  and 
the  fluid  in  the  ventricles  is  increased. 

*  The   trypanosome   apparently   cannot  pass   through   the   placenta,   as 
infected  women  give  birth  to  healthy  babies. 
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With  regard  to  the  spinal  cord,  it  will  be  seen  that  there  is  an 
increase  of  fluid,  which,  if  examined  with  the  microscope  after 
centrifugalization,  generally  shows  leucocytes  and  trypanosomes. 
The  Cauda  equina  may  be  found  at  times  surrounded  by  gelatinous 
tissue.  The  cord  itself  is  often  congested,  and  haemorrhages  have 
been  described. 
•  The  lymphatic  glands  of  the  submaxillary  region,  anterior  and 
posterior  triangles,  around  the  bronchi,  of  the  mesentery,  behind 
the  peritoneum,  as  well  as  those  of  the  inguinal  and  femoral  regions, 
may  one  or  aU  be  enlarged,  congested,  and  even  hsemorrhagic.  At 
times  abscesses  are  found  in  these  glands,  but  they  are  due  to 
secondary  infection.  The  abdominal  cavity  often  contains  some 
straw-coloured  fluid,  and  the  pericardial  fluid  may  also  be 
excessive.  There  may  be  some  increase  in  size  of  the  lymph-follicles 
and  Peyer's  patches  of  the  small  intestine.  The  lungs  may  show 
signs  of  pneumonia  and  other  complications.  The  other  organs  are 
usually  not  markedly  affected. 

The  microscopical  examination  of  the  organs  has  been  performed 
with  the  greatest  care  by  Mott  and  Breinl  and  the  members  of  the 
Portuguese  Commission. 

The  utmost  care  must  be  taken  to  distinguish  between  the  lesions 
due  to  T.  gamhiense  and  those  caused  by  terminal  infections  such 
as  the  diplococci  and  colon  bacilli ;  for  these  infections  may  give 
rise  to  chromatolysis  in  the  nerve  cells  and  degeneration  in  the 
nerve  fibres  of  the  brain  (pons  and  medulla)  and  spinal  cord  (espe- 
cially in  the  posterior  and  lateral  columns),  and  perhaps  in  the  peri- 
pheral nerves,  which  have  nothing  to  do  with  the  disease  in  question. 
With  this  proviso  the  microscopical  examination  is  characterized 
by  a  round-celled  infiltration  surrounding  the  vessels  of  the  pia- 
arachnoid  of  the  brain  and  spinal  cord.  This  infiltration,  first 
described  by  Mott,  is  best  seen  in  the  membranes,  where  there  is 
an  accumulation  of  cerebro-spinal  fluid,  and  in  the  brain,  around 
the  vessels  of  the  medulla,  pons,  cerebellum,  and  those  entering  the 
base.  The  process  appears  to  begin  with  a  growth  in  size,  and 
then  a  proliferation  of  the  neuroglia  elements,  which  has  been 
minutely  described  by  Eisath,  and  is  found,  not  merely  around 
vessels  which  show  a  small-celled  infiltration,  but  around  those 
which  do  not.  Round  cells  are  found  later  in  the  meshes  of  this 
proliferated  glia. 

These  cells  are  {a)  lymphocytes ;  [b)  peculiar  cells  called  the 
'  plasma  cells  of  Marscholko,'  characterized  by  the  nucleus  becoming 
situated  at  one  end  of  the  cell,  and  staining  blue  with  methylene 
blue  and  eosine,  while  a  clear  halo  separates  it  from  the  cytoplasm, 
which  stains  pink  ;  (c)  '  morula  cells  of  Mott,'  which  are  large  round 
or  oval  cells  with  an  eccentric  blue  nucleus  and  a  cytoplasm  contain- 
ing a  clear  eosinophile  area  ;  [d)  a  few  mononuclear  leucocytes  ; 
(e)  a  few  polymorphonuclear  leucocytes.  The  cells  of  Marscholko 
are  considered  by  Mott  to  be  derived  from  lymphocytes,  and  the 
morula  cells  to  be  degenerated  cells  of  Marscholko. 
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As  regards  the  origin  of  the  lymphocytes,  Mott  considers  that 
they  may  possibly  be  derived  from  the  blood-stream,  but  are  more 
likely  formed  by  proliferation  of  the  endothelial  cells  of  the  peri- 
vascular lymphatic  space.  According  to  Breinl,  a  layer  of  blood 
cells  may  be  found  external  to  the  round  cells,  and  hemorrhages 
may  be  found  in  the  cord.  The  ependyma  of  the  lateral  ventricle 
also  shows  a  proliferation  and  dense  fibrous  formation  at  times. 
With  regard  to  the  parenchymatous  elements,  Mott  considers  that 
there  may  be  increase  in  neuroglial  nuclei  and  lymphocytes  in  the 
perineural  spaces,  while  there  is  atrophy  of  the  dendrons  and  diminu- 
tion of  the  Nissl  bodies,  and  alteration  in  the  nucleus,  which  becomes 
large,  clear,  and  eccentric.  These  changes  are  most  marked  in 
the  cerebral  cortex  and  medulla,  and  less  so  in  the  spinal  cord. 
The  cells  of  the  posterior  spinal  ganglion,  however,  show  chromato- 
lysis.  The  central  canal  of  the  spinal  cord  may  be  dilated,  but  is 
more  generally  occluded  by  proliferation  of  the  cells  of  the  epen- 
dyma. 

The  next  series  of  characteristic  changes  are  in  the  lymphatic 
glands,  in  which  trypanosomes  are  often ,  found.  These  changes 
begin  with  a  conversion  of  the  lymphocytes  into  cells  of  Marscholko, 
and  these,  again,  into  morula  cells  The  endothelial  cells  of  the 
lymph  sinus  proliferate  and  take  on  a  phagocytic  action,  containing  " 
lymphocytes,  red  blood  cells,  and  chromatin  particles.  At  the  same 
time  the  gland  becomes  intensely  congested,  and  the  fibrous  tissue 
of  the  capsule  and  septa  proliferates,  so  that  they  and  the  walls  of 
the  lymph  sinuses  and  of  the  vessels  become  thickened. 

A  lymph  nodule  therefore  appears  to  be  surrounded  by  a  fine 
connective  meshwork,  containing  few  lymphocytes,  but  many  red 
corpuscles  and  phagocytes.  As  time  goes  on  the  inflammation  in 
the  gland  subsides,  and  it  becomes  less  vascular,  firm,  and  hard,  and 
full  of  dense  fibrous  tissue.  Secondary  infection,  however,  may 
occur  with  the  formation  of  abscesses. 

Microscopically  the  lungs  may  be  found  to  be  hyperaemic, 
even  when  normal,  to  the  naked  eye,  while  the  complication 
of  pneumonia  will  give  rise  to  the  usual  appearances.  The  heart 
shows  a  small-celled  infiltration  in  all  its  layers,  with  sometimes 
haemorrhages.  The  liver  and  spleen  may  show  thickening  of  the 
capsule,  while  the  latter  is  very  congested,  and  its  trabeculse  are 
increased  in  thickness.  In  natives  signs  of  chronic  malaria  are  almost 
constantly  present  in  the  spleen  and  liver.  The  bone-marrow 
may  be  very  cellular,  with  congested  vessels  and  haemorrhages. 

Symptomatology. — ^The  course  of  the  disease  may  be  roughly 
divided  into  three  stages — the  incubation,  the  febrile  stage,  and  the 
cerebral  stage. 

Incubation. — ^The  duration  of  the  incubation  period  is  not  certainly 
known  in  man,  but  it  is  considerably  shorter  than  was  believed  by 
the  old  authors :  probably  it  does  not  exceed  two  or  three  weeks, 
and,  according  to  Martin  and  Leboeuf's  observations  in  Europeans, 
it  may  be  even  less  than  ten  days.     The  bite  of  the  infected  Glossina 
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gives  rise,  as  a  rule,  only  to  very  slight  local  irritation,  which  quickly 
subsides,  and  is  often  overiooked  by  the  patient. 

Febrile  Stage  {the  so-called  Trypanpsome  Fever). —The  onset  of 
the  disease  is  characterized  by  attacks  of  fever  almost  constantly 
associated  in  Europeans  with  -in  erythematous  eruption.  This 
fever  lasts  about  a  week,  and  disappears,  to  recur  again  later  for 
the  same  or  much  longer  periods.  It  is  generally  of  an  inter- 
mittent or  remittent  type.  During  an  attack  the  pulse-rate  and 
the  respirations  are  increased,  and  there  is  often  enlargement  of 
the  liver  and  spleen,  though  how  much  of  this  may  be  due  to  re- 
current malaria  is  not  known.     Neuralgic  pains  and  headache  may 

also  be  complained  of. 
The  erythematous 
eruption  begins,  as  a 
rule,  with  badly  defined, 
pinkish  patches,  which 
clear  in  the  centre  until 
a  ring  is  produced ;  a 
portion  of  the  ring  fad- 
ing off  a  crescent  may 
be  produced.  This  cir- 
cinate  eruption  may 
appear  on  any  part  of 
the  body,  but  is  espe- 
cially frequent  on  the 
trunk ;  in  some  cases, 
instead  of  rings,  solid 
infiltrated  patches,  the 
size  of  a  half-crown 
or  larger,  are  present. 
Rubeloid  spots  are  not 
rare.  A  vesicular-papu- 
lar eruption  has  also 
been  describe  d,  but  is 
rare  in  our  experience. 
Dermatographia  is 
common  in  Europeans. 
In  lull-blooded  negroes  the  erythematous  eruption  may  not  be 
noticeable ;  m  them  very  often  a  dry,  scaly  condition  of  the  skin 
is  found.     These  various  eruptions  are  called  Trypanides 

The  most  typical  sign  of  the  disease  in  this  stage  is  enlargement 
of  one  or  more  lymphatic  glands,  especially  those  in  the  posterior 
triangle  (Winterbottom's  sign).  The  enlarged  glands  are  in  this 
period  generally  fusiform,  and  of  rather  soft  consistency  Another 
early  symptom,  noted  by  Kerandel,  is  a  general  intense,  deep  hyper- 
aesthesia.  As  repeated  attacks  of  fever  increase,  the  patient  may 
be  anaemic  and  asthenic,  but  the  febrile  condition  may  last  for 
years,  and,  indeed,  in  this  stage  the  disease  may  be  cured. 

The  Cerebral  Stage  [the  so-called  Sleeping  Sickness). ^Mter  the 


Fig.   298. — Negro   Patient  in  the  Early 
Stage  of  Sleeping  Sickness. 
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febrile  stage  has  lasted  some  time  (weeks  or  months),  a  change 
begins  to  appear  in  the  habits  and  disposition  of  the  patient. 
Previously  bright,  intelligent,  and  hard-working,  he  becomes 
apathetic,  dull,  with  a  disinclination  for  exertion,  preferring  to  sit 
quietly  or  to  lie  down.  He  also  becomes  careless  in  his  work  and 
dirty  in  his  habits,  and  at  the  same  time  a  difficulty  in  walking 
begins  to  be  noticed.  In  this  condition  the  sleeping-sickness  stage 
of  the  disease  may  be  said  to  have  been  properly  entered.  Typi- 
cally, the  patient  is  dull  and  apathetic,  but  can  be  easily  roused,  and 
answers  questions  rationally  without  difficulty  in  speech.  Sleep 
may  be  excessive,  but  is 
not  the  prominent  symp- 
tom so  often  described, 
the  condition  being  more 
one  of  lethargy,  from 
which  the  patient  can 
be  easily  roused.  Fine 
tremors  are  noticed  in 
the  tongue  at  first,  later 
in  the  hands  and  arms, 
and  sometimes  also  in  the 
legs,  and  even  in  the 
abdominal  muscles.  The 
tremor  of  the  tongue  and 
hands  may  be  a  very 
early  symptom.  These 
tremors  may  occasionally 
be  so  severe  that  they 
cause  the  whole  body  to 
shake,  and  at  times  epi- 
lepti'form  fits,  general  or 
localized,  may  be  seen. 
The  gait  is  peculiar,  there 
being  apparently  a  diffi- 
culty in  raising  the  feet, 
so  that  the  patient  shuffles 
along ;  but  there  is  no 
paralysis  as  a  rule,  and  the  superficial  reflexes  are  normal ;  the 
deep  reflexes  may  be  exaggerated  and  then  lost,  there  is  no  clonus. 
There  is  inco-ordination  in  some  cases,  and  Romberg's  sign  may 
be  present.  As  the  disease  advances,  rigidity  appears,  especially 
in  the  muscles  of  the  neck  and  legs,  which  latter  may  assume  the 
position  of  flexion  of  the  thighs  on  the  abdomen  and  the  legs  on  the 
thighs.  Babinski's  sign  is  absent.  Sensation  is  at  first  normal 
but  there  may  be  hyperesthesia  in  the  region  of  the  fifth  nerve  and 
other  nerves,  and  at  times  the  patient  complains  of  headache  ine 
pupils  are  equal,  moderately  contracted,  and  react  to  light  and 
accommodation.  There  is  nothing  abnormal  in  the  organs  of 
special  sense  as  a  rule.     There  is  usually  fever,  the  temperature 


Fig.   299. — Negro  Patient  in  the  Late 
Stage  of  Sleeping  Sickness. 
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rising  in  the  evening,  from  ioo°  to  104°  F.,  and  falling  to  subnormal 
in  the  morning  ;  but  this  may  be  varied  in  many  ways  :  thus  tor  a 
period  the  temperature  may  be  almost  normal  or  subnormal,  while 
for  some  days  before  death  it  becomes,  as  a  rule,  permanently  sub- 
normal. ,  . 

There  are  no  special  symptoms,  such  as  rigors  or  sweating,  asso- 
ciated with  the  rise  of  temperature.  The  pulse  is  quick  (90  to  140), 
but  it  is  independent  of  the  temperature,  being  quick  with  a  low 
temperature.  It  is  regular,  but  small  and  very  low  m  tension,  and 
generally  is  imperceptible  at  the  wrist  for  some  time  before  death. 
The  heart  as  a  rule  ahows  no  abnormal  symptoms,  though  systolic 
inorganic  murmurs  may  be  present.  The  respirations  are  regular 
and  equal,  but  are  increased  in  number,  especially  towards  evening, 
varying  from  20  to  30  ;  before  death  they  not  uncommonly  take  on 
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Fig.  300. — Temperature  Chart  of  a  Case  of  Sleeping  Sickness. 
From  Low  and  Castellani  Reports  of  the  Royal  Society  on  Sleeping  Sickness. 

the  Cheyne-Stokes  type.  Congestion  and  oedema,  with  patches  of 
pneumonia,  are  not  infrequently  met  with  before  death.  The  appe- 
tite is  good,  and  may  even  be  increased  ;  digestion  is  usually  satis- 
factory, but  constipation  may  be  marked,  or  there  may  be  occasion- 
ally diarrhoea.  The  tongue  is  frequently  flabby  and  covered  with 
white  fur  ;  the  fasces  of  native  patients  are  typical  of  a  vegetable 
diet,  and  show  the  usual  parasites  of  a  tropical  country.  The  spleen 
and  liver  may  be  enlarged,  which  perhaps  may  be  due  to  malaria. 

The  Blood. — The  examination  of  the  blood  is  complicated,  because 
its  condition  is  bound  to  be  influenced  by  the  secondary  infection 
with  other  parasites,  animal  and  vegetal. 

With  this  understanding  trypanosomiasis  causes  in  a  certain 
number  of  cases  a  gradual  diminution  of  the  red  cells  to  2,000,000 
or  less,  with  a  corresponding  decrease  in  the  haemoglobin,  but  it  is 
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to  be  noted  that,  as  first  observed  by  Nabarro  in  several  cases,  the 
actual  number  of  erythrocytes  may  be  above  normal.  The  red 
cells  are  usually  normal,  but  normoblasts  may  be  seen.  The 
leucocytes  are  normal  in  number,  as  a  rule,  with  an  increase  of 
mononuclear  cells,  while  there  is  a  terminal  polymorphonuclear 
increase  before  death.   . 

In  fresh  preparations  the  red  cells  are  not  evenly  distributed,  nor 
do  they  form  rouleaux,  being  generally  clumped  into  masses.  This 
phenomena  of  auto-agglutination  was  first  noticed  by  Kanthack, 
Durham,  and  Blandford  in  the  lower  animals  inoculated  with 
nagana,  and  in  man,  in  cases  of  sleeping  sickness,  by  Button,  Todd, 
and  Christy,  and  may  be  of  diagnostic  value. 

The  chemical  examination  of  the  blood  in  trypanosome  infections 
of  animals  has  been  performed  by  Takinioff  and  by  Nierenstein, 
the  latter  of  whom  found,  by  Moore  and  Wilson's  method  of  testing 
the  alkalinity  of  the  ash,  that  the  acidity  of  the  blood  was  increased, 
probably  due  to  the  formation  of  amido-acids,  either  secreted  by 
the  parasites  or  produced  by  their  action  upon  the  proteids  of  the 
serum.  The  acidity  was  tested  by  phenolphthalein  and  Congo  red, 
and  the  alkalinity,  which  remained  fairly  constant,  was  tested  by 
dimethyl-amido-azo-benzol. 

The  animals  were  infected  with  T.  brucei  and  T.  equipefdum, 
but  so  far  no  observations  have  been  made  on  human  blood. 

Urine. — No  abnormality  is  found  in  the  urine,  but  the  reaction, 
amount  of  phosphates,  etc.,  of  course,  varies  with  the  food  taken. 
In  native  patients  it  is  very  often  alkaline. 

Sexual  desire  and  menstruation  are  normal  at  first,  but  later  are 
lost.  The  lymphatic  glands  throughout  the  body,  but  especially 
those  of  the  neck,  and  more  especially  those  of  the  posterior  triangle, 
are  enlarged.  It  is  to  be  noted,  however,  that  in  the  last  stages 
the  lymph  glands  often  undergo  a  process  of  fibrosis,  becoming 
smaller  and  harder.  The  skin  becomes  dry  and  rough,  but  may  be 
perfectly  normal,  though  a  papulo-pustular  eruption  may  be  noted 
on  the  backs  of  the  hands  and  forearms.  Nutrition  suffers,  and  the 
patient  generally  becomes  much  emaciated. 

As  the  disease  progresses  the  muscular  weakness  and  emaciation 
become  worse  and  worse,  the  tremors  more  pronounced,  the  saliva 
dribbles  from  the  mQuth,  the  urine  and  faeces  are  passed  involun- 
tarily, and  bed-sores  form,  while  the  intelligence  becomes  more  and 
more  affected,  and  the  patient  passes  into  a  state  of  coma,  with  a 
permanently  subnormal  temperature  and  an  absence  of  pulse  at  the 
wrist  and  in  a  short  time  is  liberated  from  his  sufferings  by  death. 
The  duration  of  the  cerebral  or  sleeping-sickness  stage  varies  from 
a  few  weeks  to  several  months.* 

Complications.— The  patient  is  often  infected  by  parasites  other 
than    trypanosomes ;    thus,    Plasmodia    and    Laveraniac,    FtlancB, 

*  Since  the  atoxyl  treatment  has  become  of  general  use,  Hodges  has  noted 
that  convulsive  and  mental  symptoms  are  more  promment,  and  that  death  is 
often  sudden,  without  being  preceded  by  a  period  of  coma. 
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Schistosomum mansoni,  Agchylostoma  duodenale,  Ascaris  lumbricoides, 
Trichuris  trichiura,  Strongyloides  stercoralis,  Trichomonas  intestinalis, 
T.  vaginalis,  Dermatophilus  penetrans,  and  Amcehm  may  all  be  found. 
The  commonest  complication  during  the  last  stage  is  a  cerebro-spinal 
meningitis,  due  to  streptococci,  pneumococcus,  or  meningococcus. 

Pneumonia,  laryngitis,  and  oedema  of  the  glottis  are  not  rare, 
while  iritis  is  seen  at  times,  and  symptoms  of  mania,  delirium,  and 
epilepsy  may  frequently  be  observed. 

Diagnosis.— In  the  first  stage  (trypanosome  fever)  the  malady 
may  be  readily  confused  with  malaria  and  other  fevers  ;  in  the 
sleeping-sickness  stage  the  diagnosis  can  often  be  made  on  clinical 
signs,  but  confusion  may  arise  with  cerebro-spinal  meningitis 
and  other  nervous  diseases.  In  our  experience,  the  so-called 
'  Kerandel  sjrmptom  '  (general  intense  deep  hyperaesthesia),  the 
'  Low-Castellani  symptom  '  (peculiar  fine  tremor  of  the  tongue), 
the  '  Winterbottom  s5nnptom  '  (cervical  polyadenitis),  may  arouse, 
especially  the  last-named,  a  suspicion  of  trypanosomiasis,  but  are 
not  sufficient  to  make  a  definite  diagnosis,  for  which  the  demon- 
stration of  Trypanosoma  gamhiense  in  the  body  of  the  patient  is 
necessary.     The  following  methods  should  be  used  : 

1.  MicroscopicalExamination  of  the  Peripheral  Blood  from  theFinger 
or  Ear. — This  procedure  is  often  a  failure,  even  using  thick  films. 

2.  Scarification  of  the  Erythematous  Eruption  and  Examination  of 
Blood  Films. — ^This  method  is  more  useful  than  the  first,  but  may  fail. 

3.  Nabarro's  Method. — Repeated  centrifugalization  of  10  c.c.  of 
citrated  blood,  and  examination  of  the  third  sediment.  The  results 
are  good. 

4.  Dutton-Todd's  Method. — Some  citrated  blood  is  centrifugalized 
in  small  tubes  and  the  leucocytic  layer  examined  for  trypanosomes. 

5.  Greig-Grey's  Method. — Aseptic  puncture  of  the  enlarged 
cen/ical  glands,  with  a  sterile  syringe.  The  gland-juice  is  examined 
for  trypanosomes.  This,  from  a  practical  point  of  view,  is  the  most 
valuable  method.  To  Mott  belongs  the  credit  of  having  first  sug- 
gested the  search  of  trypanosomes  in  the  lymph  glands  as  a  diag- 
nostic method. 

6.  Castellani's  Method. — Centrifugalization  for  fifteen  minutes  of 
10  c.c.  of  cerebro-spinal  fluid,  aseptically  removed  by  means  of 
lumbar  puncture.  The  sediment  is  examined  for  trypanosomes, 
by  making  fresh  and  stained  preparations.  The  result  is  almost 
constantly  positive  in  the  sleeping-sickness  stage,  but  negative,  as 
a  rule,  in  the  trypanosome-fever  stage. 

The  technique  to  perform  lumbar  puncture  is  as  follows :  The  patient  may 
be  given  chloroform,  but  usually  a  local  ansesthetic  spray  is  sufficient.  Lay 
the  patient  on  the  right  or  left  side ;  flex  the  thighs  on  the  abdomen.  Then 
make  the  skin  of  the  lumbar  region  aseptic,  and,  feeling  with  the  tip  of  the 
finger  the  position  of  the  laminae,  thrust  the  sterile  needle  between  the  laminae 
of  the  third  and  fourth  lumbar  vertebrae,  J  inch  from  the  median  line,  obliquely 
outwards  and  forwards  into  the  canal.  The  fluid  will  escape,  and  can  be 
collected  in  a  sterile  tube.  After  withdrawing  the  needle,  the  area  should 
be  covered  with  an  aseptic  pad  and  bandage. 
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7.  Inoculation  of  Susceptible  Animals. — Ten  c.c.  or  20  c.c.  of  blood 
are  aseptically  removed  from  a  vein,  and  inoculated  into  sus- 
ceptible animals.  The  animals  most  suitable  are  monkeys,  guinea- 
pigs,  and  dogs.  The  most  suitable  monkeys,  according  to  Thiroux 
and  D'Anfreville,  are  those  of  the  species  C.  ruber,  while  some  other 
species — e.g.,  C.  fuliginosus — are  almost  refractory. 

Prognosis. — ^The  prognosis  is  serious,  but  not  quite  so  serious  as 
it  was  before  the  introduction  of  atoxyl.  If  the  patient  is  in  the 
early  stage,  and  can  be  removed  from  the  endemic  area  and  put 
under  good  hygienic  conditions,  and  atoxyl  treatment,  the  disease 
may  be  cured,  or  at  least  a  marked  improvement  may  be  obtained. 
Great  care,  however,  is  necessary  before  saying  that  a  patient  is 
really  cured,  and  at  least  two  blood  injections  into  susceptible 
animals  should  be  performed  before  giving  a  decided  opinion.  If, 
however,  the  patient  is  compelled  to  live  in  the  endemic  area,  and 
cannot  be  treated  with  atoxyl,  the  outlook  is  most  hopeless. 

Treatment. — ^The  only  treatment  which  so  far  has  been  found 
to  be  of  any  real  benefit  is  by  arsenic,  and  the  form  in  which  this 
is  applied  at  the  present  time  is  the  compound  called  atoxyl.  We 
recommend  Hanson's  method  of  administration — 2  to  3  grains 
of  atoxyl  by  intramuscular  injection  every  second  or  third  day 
•  for  at  least  two  years ;  or  Broden  and  Rodhain's  method — 74  grains 
of    atoxyl    by    intramuscular    injection    every    fifth    day.      Koch 

■  recommends  the  subcutaneous  injection  of  7J  grains  (J  gramme) 
on  two  successive  days  every  ten  days  for  two  months,  when  the 
treatment  is  to  be  stopped  until  further  symptoms  develop,  and 
when  this  occurs  the  treatment  should  be  repeated.  The  drug  can 
be  obtained  or  imported  from  any  chemist  in  sterile  vials  ready  for 
hypodermic  medication.  The  injection  of  atoxyl  is  occasionally 
followed  by  a  febrile  reaction,  due,  according  to  some  observers,  to 
the  absorption  of  products  of  trypanolysis. 

Owing  to  the  fact  that  large  doses  of  atoxyl  lead  to  such  unpleasarit 
results  as  optic  atrophy,  gastro-intestinal  inflammation,  and  peri- 
pheral neuritis,  other  arsenical  preparations  have  been  recom- 
mended; and  the  firm  Burroughs  and  Wellcome  has  mtroduced, 
under  the  trade  name  of  soainin,  a  preparation  somewhat  similar  to 
atoxyl  but  less  poisonous.     It  is  given  in  the  same  doses  as  atoxyl 

EhrUch  has  prepared  a  derivative  of  atoxyl,  cp-lled  arseno-phenyl- 
glvcin  which  is  from  two  to  four  times  less  toxic  than  atoxyl  itselt. 

This  preparation  has  been  tried  by  Ehrlich,  Mesml  Kerandel. 
and    others    upon    lower    animals   experimentally   infected   with 

■  Trypanosoma  gambiense,  and  has  been  found  to  be  very  effective 
being  also  a  prophylactic.  It  has  been  used  m  man  by  Kleme 
with  good  results  in  the  same  doses  as  atoxyl.  ^  ^i,    ,       . 

When  for  special  reasons  it  is  impossible  to  carry  out  the  treat- 
ment bv  injections,  arsenic  may  be  given  by  the  mouth  m  the  form 
of  Fowler's  solution,  which  must  be  given  in  5-minim  doses,  and 
eradually  increased  to  15-minim  doses. 

Loffler  and  Riihs'  neutral  solution  of  arsemous  acid  (i  c.c.  ot 
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which  contain^  i  centigramme  of  arsenious  acid)  may  be  given  in 
doses  of  2  c.c.  daily  for  three  days,  and  then  continued  in  doses  of 
I  c.c.  per  diem  for  several  weeks,  after  which  it  must  be 
temporarily  discontinued,  but  must  after  a  time  be  restarted, 
and  in  this  manner  continued  for  months,  provided  no  ill-effects  are 
produced.  ^^^^_ 

Atoxyl     is     sodium-^-aminophenyl    arseniate, — NH^CgHiAsOv^  and 

contains  from  a? -95  to  2078  per  cent,  of  arsenic,  according  to  the  amount  of 

/ONa 


water  of  crystallization.   Mono-acetylated  atoxyl  is  CHjCONHCeHjAsO^        . 

Soamin,  according  to  the  published  formula,  is  C2H4NH2AsO(OH)  (ONa)  sH„0. 
According  to  Mesnil  and  NicoUe  observations,  and  the  more  recent  observa- 
tions of  Nierenstein,  it  is  not  the  arsenic  in  these  compounds  which  is  to  be 
looked  upon  as  the  effective  agent,  but  the  amido-group,  which  may  possibly 
be  the  effective  agent  in  trypan  red,  afridol  blue,  afridol  violet,  and  para- 
fuchsin,  which  do  not  contain  arsenic,  but  possess  amido-groups,  and  affect 
trypauosomes  in  a  similar  manner  to  atoxyl.  According  to  Ehrlich,  Leva- 
diti,  and  Yamanouchi,  atoxyl  undergoes  a  reduction  in  the  animal  tissues. 
Ehrlich  has  prepared  two  derivatives  of  atoxyl,  one  of  which,  already  men- 
tioned (arsenophenylglycin),  is  very  effective  in  mice  on  atoxyl-resistant 
trypauosomes.  Levaditi  and  Yamanouchi  have  also  prepared  an  active 
derivative  of  atoxyl,  which  they  call  trypanotoxyl.  Uhlenluth  has  recently 
recommended  atoxylate  of  mercury. 

Combined  Therapy. — Ks  the  result  of  the  important  observations 
of  Erhlich  on  the  phenomenon  of  chemo-resistency,  which  may  be 
acquired  by  trypanosomes  after  a  long  use  of  the  same  drug, 
numerous  combined  treatments  have  been  suggested.  Of  these, 
the  most  important  are  :  (i)  antimony  and  atoxyl ;  (2)  mercury  and 
atoxyl ;  (3)  orpiment  and  atoxyl ;  (4)  various  dyes  and  atoxyl. 

Antimony  and  Atoxyl  Treatment. — Antimony  salts,  as  well  as 
phosphorus,  were  first  suggested  by  Mesnil  as  likely  to  be  of  use 
in  trypanosomiasis.  To  Plimmer  and  Thomas  belongs  the  credit 
of  having  experimentally  shown  the  powerful  trypanocide  action 
of  antimony.  In  man  the  subcutaneous  or  intramuscular  injections 
of  the  various  salts  of  antimony  (sodo-tartrate  of  antimony,  sulphide 
of  antimony  and  soda,  etc.)  are  very  painful.  Manson  therefore 
gives  the  drug  by  the  mouth,  and  other  authors  by  intravenous 
injection.  Apparently  the  trypanocide  action  of  antimony  is 
more  powerful  in  the  lower  animals  than  in  man,  in  whom  the  re- 
sults are  inferior  to  those  given  by  atoxyl.  A  mixed  antimony  and 
atoxyl  treatment  is,  however,  of  advantage  in  some  cases,  an 
atoxyl  injection  (3  grains)  being  given  every  third  day,  or  7^  grains 
every  fifth  day,  and  sodio-tartrate  of  antimony  (Plimmer's  salt) 
administered  daily — 2  grains  dissolved  in  a  large  quantity  of  water 
(2  pints).  Tartar  emetic  may  be  given  by  intravenous  injections, 
using  solutions  of  i  in  100  or  i  in  1,000.  The  dose  of  the  drug  to 
be  given  is  5  to  10  centigrammes  per  injection.  It  is  important 
that  none  of  the  fluid  of  the  injection  should  escape  into  the  sur- 
rounding tissues,  as  a  violent  inflammation  may  result.  These 
injections  should  be  administered  monthly  on  ten  consecutive  days 
for  a  long  period.     The  injection  of  salts  of  antimony  may  produce 
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a  marked  fall  in  the  blood-pressure,  dyspnoea,  and  signs  of  collapse, 
and  therefore  Thiroux  suggested  that  injections  of  caffein  should 
precede  their  administration.     To  prevent  the  irritation  caused  by 
injections  of  watery  solutions  of  tartar  emetic,  Plimmer  has  advised 
the  use  of  antimony  suspended  in  sterile  olive  oil. 

Mercury  and  Atoxyl. — Mercury  was  first  introduced  in  1902  for 
the  treatment  of  sleeping  sickness  by  Low  and  Castellani,  using 
intravenous  injections  of  Baccelli's  sublimate  solution, *in  association 
with  arsenic  and  quinine  by  the  mouth.     A  fall  of  the  temperature 
was  observed  in  some  cases,  but  the  fatal  course  of  the  disease  was 
not  influenced.     Moore,  Nierenstein,  and  Todd  have  used  mercury 
and  atoxyl  in  combination  or  alternation,  with  the  idea  that  mercury 
might  act  upon  the  latent  form  of  trypanosome,  while  atoxyl  would 
influence  the  active  form.     In  man  this  combined  treatment  has 
apparently  not  given  any  better  results  than  atoxyl  alone. 

Orpiment  and  Atoxyl. — ^This  combined  treatment,  consisting  of 
atoxyl  and  an  inorganic  salt  of  arsenic  such  as  orpiment,  has  been 
recommended  by  Laveran  and  Thiroux,  and  has  already  been  used 
in  man  with  good  results.     The  orpiment  should  be  given  in  pills, 
in  the  dose  of  2  grains  of  orpiment  two  or  three  times  daily.    The 
administration  of  orpiment  frequently  causes  diarrhoea.    Thiroux 
therefore  incorporates  in  the  orpiment  pills  some  opium.     Thiroux's 
formula  is  ; 

Orpiment  . .  .  .  •  -  .  .      20  grammes 

Extr.  opii  .  .  .  .  •  •  . .        0-40  gramme 

Gumm.  . .  .  .  .  .  ■  •  •  ■  I     q  s 

Pulv.  glyceriz.       . .  .  .  ■  ■  •  •  / 

To  be  divided  into  200  pills. 

Various  Dyes  and  Atoxyl.— CornbiatA.  treatments  of  Mesnil's 
afridol  and  atoxyl,  Ehrlich's  parafuchsin  and  atoxyl,  picric  acid  and 
other  dyes  and  atoxyl,  have  been  suggested,  but  in  man  the  results 
have  not  been  so  successful  as  in  the  lower  animals. 

In  addition  to  the  atoxyl  treatment  or  combined  treatments 
malaria  and  the  intestinal  parasites  must  be  treated  if  present. 
The  patient  should,  if  possible,  be  removed  from  the  area  of  infec- 
tion and  placed  under  good  hygienic  conditions  and  on  good  food, 
and  no  case  should  be  considered  to  be  cured  until  the  injection 
of  the  blood,  on  more  than  one  occasion,  into  susceptible  animals 

fails  to  infect  them.  ,    ,     .  ,  u         A^r- 

Prophylaxis.— At  the  present  time  prophylaxis  must  be  under- 
taken on  the  assumption  that  the  disease  is  spread  from  place  to 
place  by  man  along  channels  of  human  intercommunication,  and 
from  man  to  man  by  Glossina  palfalis.  With  f  g^rd  to  the  fly 
further  information  is  required  as  to  its  bionomics,  though  Bagshaw  s 
and  Hodges'  researches,  as  well  as  those  of  Zupitza,  Sander,  and 
Minchin,  have  thrown  some  light  on  the  subject. 

*Hydrargyripercbloridi  ..  -■  ■■     -^  |™: 

Sodu  Chloridl  ..  ■■  •■  •■        "2..^nrr 


Aqu£e  destillatae  . .  .    .     ^• 

I  to  4  c.c.  per  intravenous  mjection. 


loo'oo  c.c. 
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Before  enumerating  the  principal  prophylactic  measures  to  be 
recommended,  we  wish  to  draw  attention  to  the  fact  that  these, 
as  pointed  out  by  Bagshawe,  will  be  useless  without  the  co-opera- 
tion of  the  natives.  This  co-operation  may  be  obtained  by 
explaining  to  them  at  every  possible  opportunity  the  reason  for  the 
measure  taken.  In  this  missionaries  and  native  chiefs  may  be  of 
the  greatest  help.  With  this  proviso  we  consider  the  following  to 
be  the  principal  prophylactic  measures  : 

r.  The  different  Governments  should  be  invited  to  co-operate 
to  prevent  persons  travelling  from  districts  where  the  disease  exists 
into  non-infected  regions,  and  medical  posts  of  inspection  should 
be  established  for  the  examination  of  natives,  According  to  some 
authorities  (Dutton,  Todd),  all  natives  presenting  enlarged  glands 
should  be  considered,  from  a  practical  point  of  view,  as  trypano- 
some  carriers,  and  prevented  from  emigrating.  This  is,  perhaps, 
going  a  little  too  far,  inasmuch  as,  in  our  experience,  and  in  that 
of  Low, ■  Bagshawe,  Koch;  Hodges,  etc.,  numbers  of  natives  have 
enlarged  glands,  though  not  suffering  from  trypanosomiasis ;  and, 
on  the  other  hand,  cases  of  trypanosomiasis  occur  in  which  there 
is  no  enlargement  of  the  lymphatic  glands.  We  admit,  however, 
that  gland  palpation  may  be  ■  of  some  use  in  formulating  an 
approximate  idea  of  the  extent  of  the  dissemination  of  the  disease. 

2.  The  sick  should  be  removed  from  the  fly-belts,  and  segregated 
in  places  where  the  Glossina  palpalis  is  not  found.  They  should 
be  treated  with  atoxyl  before  being  moved. 

3.  Villages  should  be  removed,  if  possible,  from  the  fly  zones, 
and  the  occupations  carried  on  in  fly  zones,  such  as  fishing,  should 
be  discouraged. 

4.  Clearing  of  the  bush  along  the  water's  edge  for  100  yards, 
and  round  a  village  for  300  yards  at  least: 

5.  European  bungalows  should  be  segregated  from  native  quarters. 
Houses  should  be  rendered  gnat-proof,  and  natives  bringing  water 
from  streams  should  not  be  allowed  to  enter  the  house,  as  they 
are  liable  to  be  surrounded  by  tsetse-flies  which  have  followed 
them.  Indeed,  some  authorities  look  upon  the  bath-room  as  a 
source  of  European  infection. 

6.  Natives  in  the  fly  zones  should  be  encouraged  to  wear  suitable 
clothing,  and  the  reason  explained  to  them.  Europeans  should  be 
careful  not  to  expose  their  legs  and  hands  to  be  bitten.  High 
boots,  puttees,  or  leggings  should  be  worn,  and  where  the  fly  abounds 
gloves  and  veils,  though  very  uncomfortable,  are  of  service.  White 
clothes  are  better  than  dark  ones,  as  it  has  been  long  observed  that 
the  tsetse-fly,  as  weU  as  many  other  insects,  have  a  preference 
for  black  or  dark  colours.  The  use  of  volatile  substances  such  as 
citronella  ofl  has  been  advised  by  some.  Unfortunately,  the  odour 
of  such  substances  is  repellent  to  many  persons. 

7.  Destruction  or  the  animals  on  which  the  fly  feeds  ;  destruction 
of  the  pupae.  Koch  has  recommended  the  destruction  of  the 
crocodiles  by  poison,  and  by  collecting  and  destroying  their  eggs. 
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Unfortunately,  the  crocodile  is  not  the  only  animal  on  which  the 
fly  feeds.  The  blood  of  many  other  vertebrate  animals  is  palatable 
to  the  fly,  and  therefore  this  method  of  prophylaxis  is  without 
much  practical  importance. 

Minchin  has  suggested  the  breeding  of  the  jungle-fowl  to  destroy 
the  pupae,  which,  as  discovered  by  Bagshawe,  are  found  in  the  turf 
among  the  roots  of  banana  and  other  trees.  Further  information, 
however,  is  necessary  on  the  enemies  of  the  pupae  and  adult  tsetse- 
flies. 

South  American  Trypanosomiasis. 

Synonym. — Opila^ao. 

Definition. — South  American  trypanosomiasis  is  a  chronic  specific 
disease  caused  by  Trypanosoma  cruzi  Chagas  1909,  and  spread  by 
a  bug  belonging  to  the  genus  Conorhinus  of  the  family  Reduviidce. 

History. — In  Febi^uary,  1909,  Chagas  reported  that  he  had  found 
a  new  trypanosome,  which  he  named  T.  cruzi,  frequently  in  the 
intestine  of  a  species  of  Conorhinus,  which  occcurred  in  the  State 
of  Minas  in  Brazil.  He  also  reported  that  he  was  able  to  infect 
marmosets,  dogs,  cats,  guinea-pigs,  and  rabbits  by  the  bites  of  the 
infected  insects,  and  also  to  grow  the  parasite  on  blood-agar. 

In  May,  1909,  he  announced  that  he  had  made  an  investigation 
of  the  mines  of  the  State  of  Minas,  and  found  the  Conorhinus 
in  large  numbers  in  the  houses  of  the  poorer  inhabitants.  He  noticed 
that  the  bite  was  painful,  and  that  the  insect  was  very  voracious, 
and  also  that  it  generally  attacked  people,  especially  childten,  at 
night,  biting  the  face,  from  which  fact  the  inhabitants  called  it 
'  barbeiro  '  or  '  barber.' 

He  suspected  this  Conorhinus  of  causing  a  disease  marked  by 
extreme  anaemia,  which  occurred  especially  among  the  children,  and 
he  was  able  to  find  in  the  blood  of  a  two-year-old  child  during  an 
attack  of  fever  a  trypanosome  identical  with  T.  cruzi  morpho- 
logically and  biologically. 

Geography. — At  the  time  of  writing  the  disease  is  only  known 
among  the  poorer  inhabitants  of  the  State  of  Minas  in  Brazil. 

vEtioIogy. — The  disease  is  caused  by  Trypanosoma  cruzi  Chagas 
1909.  This  trypanosome,  which  is  remarkable  because  of  the  large 
size  of  its  kinetonucleus,  is  capable  of  being  transmitted  by  a 
species  of  ConorhinUs  to  domestic  animals  and  man. 

In  the  domestic  animals  it  can  be  found  free  in  the  liquor  san- 
guinis The  life-history  would  appear  to  resemble  in  some  details 
that  already  described  by  Breinl,  Hindle,  and  Moore  for  T.  gam-  , 
biense,  as  Chagas  found  non-flagellate  round  forms  composed  of 
eight  small  trypanosomes  in  the  bugs.  Each  of  these  organisms 
contained  a  bilobed  nucleus,  and  when  the  mass  broke  up,  was 
seen  to  penetrate  into  a  red  blood  cell,  in  which  it  became  a  typical 
trypanosome,  and  out  of  which  it  grew,  and  finally  escaped  as  the 
tull-grown  trypanosome.  .  ,      ,  , 

In  the  blood  three  forms  are  seen  :  the  first  with  a  large  nucleus 
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and  loose  chromatin  and  a  terminal  kinetonucleus ;  the  second 
narrower,  with  an  oval  nucleus  and  dense  chromatin  ;  the  third 
with  a  long  nucleus. 

In  the  bug  the  trypanosome  loses  its  undulating  membrane  and 
flagellum,  while  the  kinetonucleus  approaches  the  trophonucleus, 
and  the  parasite  becomes  encysted.  Crithidial-like  forms  are  found 
in  large  numbers  in  the  proctodseum.  In  the  coelom  of  the  bug 
typical  adult  trypanosomes  can  be  found. 

Pathology  and  Morbid  Anatomy.^ — At  the  time  of  writing  there  is 
no  description  of  the  pathology  and  morbid  anatomy. 

Symptomatology. — ^The  disease  is  characterized  by  extreme 
anasmia,  wasting,  and  stunted  development  in  children,  associated 
with  attacks  of  remittent  or  intermittent  fever,  oedema  of  the 
eyelids  and  other  parts  of  the  body,  glandular  enlargement,  especially 
in  the  neck  and  axilla,  and  splenic  hypertrophy.  The  trypano- 
somes are  found  during  an  attack  of  fever  in  the  peripheral  blood, 
but  not  in  the  apyretic  interval. 

Diagnosis.— The  diagnosis  must  be  effected  by  finding  the  para- 
site in  the  blood  during  a  febrile  attack.  The  disease  is  most  likel}' 
to  be  confounded  with  agchylostomiasis,  from  which  it  can  be 
recognized  by  the  absence  of  the  typical  ova  in  the  faeces  and  the 
presence  of  T.  cruzi  in  the  blood,  though,  of  course,  both  infections 
may  occur  together. 

It  might  also  be  mistaken  for  malaria  during  the  febrile  attack, 
especially  as  there  is  splenic  enlargement,  but  the  absence  of  the 
malarial  parasite  and  the  presence  of  T.  cruzi  in  the  peripheral 
blood  will  enable  a  diagnosis  to  be  made. 

Prognosis. — Very  Httle  can  be  said  as  regards  the  prognosis  at 
present.     Children  and  infected  animals  are  known  to  have  died  - 
of  the  disease. 

Treatment.— The  indications  for  treatment  are  the  same  as  those 
for  African  trypanosomiasis. 

Prophylaxis.— The  prophylaxis  must  aim  at  the  prevention  of  the 
Conorhinus  biting  man. 
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CHAPTER  XXIX 
DENGUE 

Synonyms  —  Definition  —  History  —  Climatology  —  etiology  ^-  Pathology — 
Symptomatology  —  Diagnosis  -^  Prognosis — Treatment — Prophylaxis  — 
I         References. 

Synonyms.— Febris  Endemica  cum  Roseola,  Exanthesis  Athrosia, 
Knokicelkoorts,  Arthrodynie,  Fifevre  Rouge. 

There'  are  upwards  of  one  hundred  known  synonyms  for  this 
fever,  many  of  which  refer  to  it  as  a  form  of  rheumatism,  or  give  it 
fanciful  terms,  such  as  '  breakbone  '  or  '  breakheart,'  '  broken  wing ' 
or  '  giraffe  fever.'  It  is  sometimes  called  '  three  days'  fever,'  a 
term  by  which  a  quite  different  disease  is  also  known. 

The  word  '  dengue  '  is  said  by  Vambery  to  be  of  Arabic  origin, 
and  to  mean  weakness,  but  it  might  equally  be  of  East  African, 
Indian,  or  Spanish  origin. 

Definition. — Dengue  is  an  acute  specific  non-contagious  fever  of 
unknown  causation,  characterized  by  two  febrile  paroxysms, 
separated  by  ah  intermission  or  remission,  without  jaundice,  albu- 
minuria, or  haemorrhages,  and  with  a  marked  leucopenia,  and  a  pulse 
which  varies  directly  with  the  tenfperature.  It  is  spread  by  the 
agency  of  Culex  fatigans  Wiedemann. 

History.-^It  appears  to  have  been  first  recognized  at  Batavia,  in 
Java,  in  the  year  1779,  by  Bylon,  though  it  may  have  been  noted 
by  Pazzio  previous  to  this  in  1764-68  in  an  epidemic  in  Seville. 
It  was  soon  discovered  in  other  places,  being  found  from  1779  to 
1780  in  Egypt,  Arabia,  Persia,  and  North  America,  and  in  1784  in 
Spain,  to  which  it  appears  to  have  come  from  the  West  Indies,  and 
in  1818  in  Peru.  In  1824-28  it  occurred  all  over  the  tropical  and 
subtropical  zones,  and  in  1830-70  it  formed  a  series  of  large  and 
small  epidemics  in  the  same  regions.  From  1871-73  there  was 
an  epidemic  implicating  East  Africa,  Egypt,  Arabia,  India,  Burma, 
Indo-China,  and  China,  and  spreading  later  to  America  and  North 
and  West  Africa — i.e.,  practically  to  all  the  tropical  regions.  In 
1876-88  it  was  epidemic  in  Hong  Kong,  Egypt,  Syria,  and  the 
Mediterranean,  and  in  the  Fiji  Islands  in  1885,  to  which  it  was 
conveyed  by  a  European  suffering  from  the  complaint.  In  1889 
it  was  especially  prevalent  in  Asia  Minpr,  Turkey,  and  Greece. 
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From  1890  to  1895  there  were  outbreaks  in  Senegambia  and  Hong 
Kong.  From  1895-96  there  were  epidemics  in  Bombay  and  in 
Charleston.  In  1897-98  it  was  epidemic  in  Georgia,  Florida,  and 
1  exas.  In  1901  it  occurred  in  Penang  and  Asia  Minor  ;  in  1902  in 
Hong  Kong,  Smgapore,  Madras,  Rangoon,  and  Upper  Burma.  In 
1906  It  occurred  in  Saigong  on  a  French  warship,  and  recently  it 
has  been  prevalent  in  Singapore.  Manson  says  that  an  epidemic 
or  pandemic  takes  place  about  once  in  twenty  years. 

The  discovery  of  the  disease,  therefore,  appears  to  have  been 
first  made  by  Pazzio  and  Bylon,  and  the  first  full  chnical  description 
by  Dickson  in  1828. 

The  first  attempt  to  find  a  causation  for  the  disease  was  by 
McLaughlin  in  1886,  who  found  micrococci  in  the  blood,  but  this 
was  disproved  by  Klein,  Wright,  Crpokshank,  and  Macfadyen.  In 
1903  Graham  stated  that  he  had  observed  small  hyaline,  unstainable 
rods  or  dots  in  the  red  blood-corpuscles,  which  he  considered  to  be 
protozoal  parasites  of  the  nature  of  Plasmodia.  This  discovery 
has  been  refuted  by  Carpenter  and  Sutton,  Guiteras,  Agramonte, 
Kiewiet  de  Jonge  and  Hahn,  Still  and  Ashburn,  and  Craig.  Graham 
fed  Culex  fatigans  Wiedemann  on  patients  suffering  from  dengue, 
and  claimed  to  have  found  his  parasites  in  these  mosquitoes  up  to 
the  fifth  day  after  feeding.  He  did  not  find  any  ookinetes  or 
oocysts,  but  he  says  he  found  spores  in  the  cells  of  the  salivary 
glands  of  the  mosquitoes  from  forty-eight  hours  to  one  month 
after  they  had  fed  on  infected  blood.  Further,  he  states  that  he 
caused  a  typical  attack  of  dengue  by  injecting  subcutaneously  a 
solution,  in  normal  saline,  of  the  salivary  glands  of  a  mosquito, 
which  had  bitten  a  dengue  fever  patient  twenty-four  hours  pre- 
viously. He  only  performed  one  experiment,  because  the  illness 
caused  was  very  severe,  but  he  succeeded,  after  an  incubation  of 
four  to  six  days,  in  infecting  healthy  people  by  the  bites  of  mos- 
quitoes [Culex  fatigans)  fed  on  dengue-fever  patients. 

Though  Ashburn  and  Craig  (in  1907)  have  not  supported  Graham 
by  finding  the  parasite,  they  have  supported  him,  as  will  be  pre- 
sently described,  by  proving  that  a  typical'  attack  of  dengue  can  be 
produced  by  the  intravenous  inoculation  of  filtered  and  unfiltered 
blood  from  an  infected  patient,  and  that  the  disease  can  be,  and 
usually  is,  transmitted  by  the  bite  of  Culex  fatigans  Wiedemann. 

Climatology. — The  history  of  the  disease  indicates  roughly  its 
geography,  which  lies  mostly  in  the  tropics,  but  can  extend  to 
the  subtropical  zones.  Its  usual  boundaries  are  32°  47'  N.  and 
23°  23'  S.,  but  during  warm  weather  it  may  spread  to  36°  10'  N., 
and  even  to  42°  N.  exceptionally.  It  is,  therefore,  a  disease  of 
tropical  climates,  and  of  warm  weather  in  other  cliniates.  It 
appears  to  be  favoured  by  low-lying  lands  well  supplied  with  water, 
and  not  to  be  found  at  high  altitudes  ;  but  there  are  exceptions  to 

this. 

When  the  distribution  of  dengue  is  compared  with  that  known 
for  Culex  fatigans,  it  will  be  seen  that  the  two  coincide  most  re- 
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markably.  In  fact,  at  the  present  time  it  appears  as  though  the 
geographical  distribution  depends  upon  the  distribution  of  that 
insect,  together  with  the  importation  or  presence  of  infected 
persons. 

vEtiology. — We  are  entirely  indebted  to  Graham  and  Ashburn  and 
Craig  for  our  knowledge  of  the  aetiology  of  this  disease. 

There  appears  to  be  no  doubt  that  dengue  fever  is  caused  by  some 
unknown  living  organism  which  requires  over  two  days  to  increase 
so  as  to  produce  the  symptoms  of  the  disease  when  inoculated  into 
human  beings. 

This  organism  exists  in  the  blood,  as  can  be  shown  by  the  intra- 
venous injection  of  20  c.c.  of  dengue-fever  blood  producing  typical 
attacks  of  the  disease,  the  incubation  usually  being  two  to  three 
days  ;  but  it  is  so  small  that  it  will  pass  through  the  pores  of  a  filter 
which  will  retain  Micrococcus  melitensis,  which  is  only  0-4  /u  in 
diameter,  as  is  demonstrated  by  the  production  of  the  disease  by 
intravenous  injections  of  filtered  dengue-fever  blood,  the  incubation 
being  two  to  three  days,  as  before. 

The  organism  can  be  transmitted  by  the  bites  of  Culex  fatigans, 
which  appears  to  be  the  principal  agent  in  the  spread  of  the  disease, 
the  incubation  period  being  about  three  days  sixteen  hours. 
Further,  there  is  a  natural  immunity  against  the  disease  in  some 
people,  and  also  some  degree  of  acquired  immunity  of  unknown 
duration  obtained  by  an  attack. 

The  points  in  the  aetiology  which  require  further  research  are  the 
nature  of  the  organism  and  its  chemical  products  ;  the  changes,  if 
any,  which  the  parasite  undergoes  in  the  mosquito  ;  the  length  of 
time  in  which  the  mosquito  can  carry  the  infection  ;  whether  any 
mosquito  other  than  Culex  fatigans  can  spread  the  disease  ;  and  how 
long  the  acquired  immunity  lasts  in  man.  In  conclusion,  it  may 
be  said  that  there  is  no  evidence  of  infection  other  than  by  the  bite 
of  the  mosquito. 

Pathology. — ^There  is  but  little  that  can  be  written  on  this  subject, 
as  the  cause  of  the  disease  is  unknown,  and  therefore,  of  course,  its 
action  cannot  be  explained. 

Morbid  Anatomy. — ^This  appears  restricted  to  the  description  of 
the  complication  which  killed  the  person — viz.,  peritonitis  or 
pleuritis. 

Symptomatology. — ^The  incubation  period,  judging  from  experi- 
mental infection  by  mosquito-bites,  varies  from  three  to  six  days. 
Prodromata  are  usually  absent,  but  general  malaise  may  be  felt 
during  a  period  not  exceeding  three  days  before  the  onset. 

The  attack  is  usually  sudden,  and  introduced  by  severe  pain  in 
some  part  of  the  body,  or  merely  by  the  sensation  of  extreme 
fatigue,  or  by  chilliness  and  shivering,  or  by  deep  flushing  of  the 
face.  In  children,  convulsions  or  delirium  may  usher  in  the  illness. 
In  any  case  the  temperature  rapidly  rises,  the  pulse  quickens,  and 
the  skin  and  mucosae  become  markedly  congested,  especially  about 
the  face,  mouth,  and  throat.     The  conjunctivae  are  injected,  the 
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eyes  watery,  and  sometimes  vomiting  and  purging  are  also  present. 
The  disease  now  progresses  for  one,  two,  or  three  days,  after  which 
there  is,  as  a  rule,  a  remission  or  an  intermission. ' 

During  this  period  the  temperature  rises  to  103°  F.  to  106°  F.,  and 
the  pulse  increases  proportionately  with  the  temperature  to  90  to 
140  per  minute.  Severe  pains  in  the  head,  and  especially  in  the 
eyeballs,  are  experienced,  and,  in  addition,  pains  in  different  parts 
of  the  body,  especially  in  the  lumbar  region  and  the  legs.  Often  the 
joints  are  painful,  usually  without  any  sign  of  redness  or  swelling. 
This  pain  in  the  joints  appears  really  to  be  due  to  the  muscles  in 
the  neighbourhood,  as  the  joint  can  often  be  passively  moved  without 
pain,  while  active  movement  induces  almost  agony.  There  are, 
however,  rare  cases  in  which  the  joints  are  affected,  as  is  shown  by 
redness  and  swelling.  As  regards  the  alimentary  canal,  the  tongue 
is  moist,  but  becomes  covered  with  a  white  creamy  fur.  There  is 
no  appetite,  nausea  and  vomiting  are  not  uncommon,  and  con- 
stipation or  diarrhoea  may  be  present.  The  lymphatic  glands  are 
not  enlarged.  The  circulatory  system  is  not  affected,  except  that 
fainting  occurs  at  times,  while  a  sensation  of  prsecordial  discomfort 
or  of  suffocation  may  be  complained  of.  Insomnia  and  delirium 
are  not  infrequent,  but  meningitis  and  neuritis  must  be  uncommon 
if  they  occur  at  all,  though  hyperaesthesia  of  the  skin  may  be 
observed.  The  skin  shows  the  congestion  already  mentioned,  which 
is  not  always  present,  being  at  times  replaced  by  the  opposite 
extreme  of  pallor.  Jaundice,  if  it  occurs,  is  rare.  Haemorrhages 
are  rare,  and  will  be  mentioned  as  a  complication.  The  changes 
in  the  blood  have  been  carefully  worked  out  by  Ashburn  and  Craig, 
The  erythrocytes  are  usually  normal  in  appearance  and  number, 
but  a  few  poikilocytes  may  be  seen,  while  the  haemoglobin  and  colour- 
index  are  also  normal.  Leucopenia  is  so  constant  as  to  be  of 
diagnostic  importance,  varying  from  4,860  to  1,200,  the  average 
being  3,800  per  cubic  millimetre.  The  leucocytes  are  normal  in 
appearance,  but  there  is  a  marked  increase  of  the  small  lymphocytes 
and  a  decrease  in  the  polymorphonuclear  leucocytes.  The  urine 
appears  to  be  usually  quite  normal,  except  that  it  is  high-coloured, 
but  may  contain  a  minute  trace  of  albumin,  and  in  severe  cases 
Guiteras  says  the  diazo-reaction  can  be  obtained. 

On  the  third  day  the  temperature  usually  falls  rapidly  to  normal. 
This  fall  may  be  accompanied  by  the  usual  signs  of  a  crisis  — 
namely,  profuse  perspiration,  the  passage  of  much  urine,  violent 
diarrhcea,  and  bleeding  from  the  nose— but  in  many  cases  these 
signs  may  be  absent.  The  patient  now  feels  better,  except  for 
slight  pains,  and  a  genuine  intermission  in  the  disease  is  established. 
In  other  cases,  however,  this  intermission  may  be  entirely  wanting, 
and  the  temperature  may  only  remit,  remaining  at  100°  F.  to  102°  F. 

The  intermission  or  remission  lasts  until  the  fifth  day  of  the 
illness,  when  the  second  attack  begins  with  a  rise  of  temperature 
to  some  point  usually  below  103°  F.,  and  at  the  same  time  a  rash 
appears  on  the  palms  and  backs  of  the  hands,  and  rapidly  spreads 
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to  the  arms,  the  trunk,  and  the  legs.  This  rash  may  be  of  two 
types— a  measly  eruption  of  small,  circular,  dark  red  papules, 
which  almost  entirely  disappear  on  pressure,  or  a  scarlatiniform 
eruption  of  close-set,  bright-red  points,  which  may  coalesce  and 
form  large  red  patches.  Eruptions  intermediate  in  appearance 
between  these  two  types  may,  however,  be  present. 

The  rise  of  temperature  may  fast  from  a  few  hours  to  a  day,  and 
generally  declines  by  crisis,  with  or  without  perspiration,  on  the 
sixth  day.  The  skin  eruption  usually  lasts  from  two  to  eight  days, 
after  which  there  is  a  desquamation,  which  may  continue  for  two  to 
three  weeks. 

The  typical  disease  shows  a  first  attack,  an  intermission,  and  a 
second  attack,  though  the  two  attacks  may  become  merged  together. 
The  typical  rash  may  be  absent,  and  sometimes  the  disease  is  so 
mild  that  it  ends  on  the  third  day  with  the  first  crisis. 

Convalescence  may  be  quick  and  permanent,  but,  on  the  other 
hand,  it  may  be  protracted  and  complicated  with  sequelae. 

Complications.— The  rarity  of  the  symptom  of  heemorrhage  may 
perhaps  justify  its  mention  as  a  complication.  It  takes  place  from 
the  mucosae,  as  already  mentioned,  of  the  nose,  stomach,  intestines, 
and  uterus.  Hyperpyrexia  may  occur  as  a  complication,  but  is 
rare,  and  pleurisy,  pericarditis,  orchitis,  endocarditis,  and  menin- 
gitis sometimes  complicate  the  disease  and  alter  its  characteristics. 

Sequelae. — The  most  important  sequelae  are  the  pains  in  the  joints 
and  muscles,  which  worry  patients  considerably.  Relapses  are 
said  to  take  place,  but  Ashburn  and  Craig  doubt  whether  any  occur 
a  short  time  after  an  attack,  as  the  persons  who  were  supposed 
to  relapse,  in  their  experience,  really  suffered  from  malarial  fever  ; 
for,  as  a  matter  of  fact,  there  is  an  acquired  immunity  for  some  little 
time  after  an  attack  which  prevents  such  relapses. 

Diagnosis. — The  diseases  most  likely  to  be  mistaken  for  dengue 
are  yellow  fever,  malaria,  influenza,  scarlet  fever,  measles,  rheumatic 
fever,  smallpox,  and  tonsillitis. 

Yellow  fever  is  recognized  by  its  slower  pulse,  jaundice,  and 
haematemesis ;  malaria  by  its  blood  parasites ;  influenza  by  the 
absence,  as  a  rule,  of  any  eruptions  and  the  presence  of  catarrhal 
symptoms ;  scarlet  fever  by  the  presence  of  the  soi"e  throat  with 
enlarged  cervical  glands ;  measles  by  the  catarrhal  symptoms  and 
the  absence  of  the  severe  pains ;  rheumatic  fever  by  the  swelling 
of  the  joints;  smallpox  may  be  with  difficulty  recognized  until  the 
eruption  comes  out ;  and  tonsillitis  may  be  recognized  by  examining 
the  throat. 

Prognosis. — ^This  is  quite  good,  as  the  mortality  is  usually  nil, 
but  in  Australia  it  caused  one  death  in  i,ooo  cases,  principally  in 
those  under  five  and  over  sixty  years  of  age. 

Treatment. — No  rational  treatment  can  be  given,  as  we  do  not 
know  what  the  nature  of  the  cause  will  prove  to  be.  Symptoms 
must,  however,  be  relieved.  The  fever  and  headache  may  be  com- 
bated with  cool  sponging  and  cool  applications  ;   the  pains  by 
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hypodermic  injections  of  morphia  or  doses  of  Dover's  powder  ;  this 
will  also  relieve  the  nervous  symptoms,  which  otherwise  will  require 
bromides.  Antipyrin,  phenacetin,  and  aspirin,  may  be  administered 
with  care,  and  the  bowels  should  be  opened  by  calomel.  The  diet 
must  be  low,  and  stimulants  should  not  be  given. 

Prophylaxis. — Protection  against  mosquitoes,  as  described  under 
Malaria,  excluding,  of  course,  quinine  prophylaxis,  is  the  correct 
method  of  preventing  the  disease. 
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CHAPTER  XXX 
YELLOW   FEVER 

Synonyms— History— Climatology— jEtiology— Pathology— Symptomatology 
— Diagnosis — Prognosis — Treatment — Prophylaxis — References. 

Synonyms.— Febris  Flava,  Pestis  Americana,  Typhus  Icteroides, 
Bilious  Remittent  fever,  Fi^vre  Jaune,  Gelbfieber,  Febbre  Gialla, 
Fiebre  Amarilla. 

Definition. — An  acute  specific  non-contagious  fever  of  unknown 
causation,  characterized  usually  by  two  paroxysms  of  fever, 
separated  by  a  remission  or  intermission,  and  accompanied  with 
albuminuria,  jaundice,  and  haemorrhages,  with  usually  a  normal 
number  of  leucocytes  and  polymorphonuclear  leucocytes.  It  is 
spread  by  the  agency  of  Stegomyia  calopus  Meigen  1818  (synonym, 
S.  fasciaia  Fabricius  1805,  non  Villiers  1789). 

History. — Yellow  fever  is  believed  to  have  originally  been  a 
disease  of  the  Antilles,  and  to  have  attacked  the  troops  of  Christopher 
Colombus  in  1495  in  the  Isle  of  Spain  (St.  Domingo),  from  which  it 
was  carried  by  the  Spaniards  to  the  mainland  of  America.  The 
endemic  home  of  the  disease  at  the  present  time  is  the  east  coast 
of  Mexico,  and  Central  America  from  Cape  Tampies  to  Cape  Gracias 
a  Dios,  and  the  Greater  and  Lesser  Antilles.  From  this  area  it 
can  spread  by  ships  to  various  parts  of  the  world,  where  it  may 
become  epidemic. 

The  first  clearly-written  description  of  yellow  fever  is  that  by 
P.  du  Tertre,  in  Guadaloupe,  in  1635,  but  it  soon  became  well 
known  from  the  epidemic  in  Cuba  in  1648-49  ;  Jamaica,  1655  ; 
San  Domingo,  1656  ;  Martinique,  1688  ;  and  Vera  Cruz,  1690.  In 
1698  it  was  recognized  that  the  disease  was  being  carried  from  place 
to  place  by  ships,  and  a  quarantine  ordinance  was  brought  into 
force,  which  lasted  from  1709  till  1790,  when  the  extensive  wars 
of  the  period  caused  it  to  be  ineffective,  with  the  result  that  between 
1791  and  1815  most  extensive  epidemics  took  place,  and  gave 
ample  opportunity  for  the  study  of  the  disease.  In  1794  Drysdale, 
of  Baltimore,  in  1797  and  1805  Rush,  in  Philadelphia,  and  in  1802 
Vaughan,  in  Wilmington,  drew  attention  to  the  large  numbers  of 
mosquitoes  and  other  insects  which  abounded  in  their  respective 
towns  during  yellow-fever  epidemics,  though  rare  in  preceding 
years.     In  1848  Nott,  of  Mobile,  accused  some  insect  or  mosquito 
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of  being  the  possible  carrier  of  yellow  fever.  In  1876  Dowell  of 
Galveston,  showed  that  mosquitoes  and  yellow  fever  obeyed  the 
same  natural  laws,  and  in  1878  it  was  demonstrated  in  Mobile 
that  quarantme  of  the  patients,  together  with  sulphur  fumigation, 
cou  d  control  the  epidemic.  But  it  was  not  till  1881  that  Charles 
i<mlay,  of  Havana,  directly  attributed  the  spread  of  the  disease  to 
the  mosquito.  In  1882  Gererd,  having  caused  a  mosquito  to  suck 
the  blood  of  a  patient  on  the  fourth  day  of  the  fever,  then  allowed 
it^at  once  to  bite  his  hand,  with  the  result  that  he  developed  in  due 
course  a  mild  attack  of  yellow  fever.  The  credit  of  having  sup- 
ported the  mosquito  theory  for  many  years  in  numerous  publica- 
tions belongs  to  Finlay. 

In  1883  Freire  of  Rio  de  Janeiro  thought  that  he  had  discovered 
the  cause  of  the  disease  in  the  shape  of  a  micrococcus,  and  later 
C.  Valle,  C.  Finlay,  and  Gibier  each  desqfibed  specific  bacteria 
Sternberg  studied  the  disease  for  years,  but  could  find  no  definite 
bacterial  or  other  cause.  He,  however,  in  a  certain  number  of 
cases,  came  across  a  bacillus,  which  he  called  'X.'  In  1897  Sanarelli 
announced  that  he  had  found  a  bacterium  [Bacillus  ideroides) 
which  he  beheved  to  be  the  cause  of  the  disease,  and,  further,  he 
prepared  a  serum  for  its  treatment.  Sanarelli's  findings  were  at 
first  confirmed  by  a  large  number  of  observers. 

In  1900  Reed  and  Carroll  announced  fhdXBacillusX  belonged  to  the 
colon  group  of  bacteria,  and  B.  ideroides  to  the  hog-cholera  group, 
and  was  probably  identical  with  B.  cholercB  suis.  In  our  experience 
B.  ideroides  is  not  identical  with  B.  cholercB  suis,  but  is  a  distinct 
species,  although  it  plays  no  part  in  the  aetiology  of  the  malady, 
and  is  merely  the  cause  of  a  secondary  infection.  In  the  same 
year  Reed,  Carroll,  Agramonte,  and  Lazear  proved  that  the  disease 
could  be  produced  by  the  subcutaneous  injection  of  infected  blood 
into  a  non-immune  person ;  that  the  disease  was  not  contagious, 
and  was  only  spread  by  the  bites  of  Stegomyia  calopus.  The  agency 
of  the  mosquito  was  speedily  confirmed  by  Guiteras,  Ribas  and  Lutz, 
Marchoux,  Salimbeni  and  Simond,  Parker,  Beyer  and  Pothier,  and 
later  by  Rosenau,  Parker,  Francis  and  Beyer. 

In  1903  Parker,  Beyer,  and  Pothner  concluded  that  the  setiological 
cause  was  Myxococcidium  stegomyice,  found  in  infected  mosquitoes, 
which  they  believed  to  be  an  animal  parasite  closely  resembling  a 
Coccidium.  Carroll,  however,  refuted  this,  as  did  Mafchoux, 
Salimbeni  and  Simond,  and  finally  Rosenau,  Parker,  Francis  and 
Beyer  clearly  proved  that  M.  stegomyicB  was  a  yeast  normally  found 
in  mosquitoes.  In  1905  Rosenau,  Parker,  Francis  and  Beyer 
showed  that  the  disease  could  be  communicated  by  the  inocula- 
tion of  infected  blood  filtered  through  the  closest-grained  Pasteur- 
Chamberland  B  filter  which  they  could  obtain,  and  therefore 
came  to  the  conclusion  that  the  causal  agent  of  the  disease  must 
be  of  ultramicroscopic  size. 

In  1909  Seidelin  described  the  presence  of  ring-like  structures  in  the  red 
cells  of  persons  suffering  from  yellow  fever,  and  Stimson  a  spirochaete  (5.  inter- 
rogans) in  the  tissues. 
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In  the  meanwhile  the  theory  of  the  propagation  of  the  disease 
by  Stegomyia  calopus  has  been  put  to  the  practical  test  of  pro- 
phylaxis with  most  excellent  results  in  Havana,  Texas,  Mexico,  and 
New  Orleans,  and  recently  in  the  works  of  the  Panama  Canal. 

It  is  impossible  to  close  this  history  without  drawing  the  reader  s 
attention  to  the  great  benefit  conferred  upon  mankind  by  the  labours 
of  Reed,  Carroll,  Agramonte,  and  Lazear,  the  last-named  dying 
from  yellow  fever  following  an  experimental  bite  of  an  infected 
mosquito. 

Climatology.— As  already  stated,  the  endemic  area  includes  a 
portion  of  the  Atlantic  coasts  of  Mexico  and  Central  America,  as 
well  as  the  Antilles.  There  is  no  evidence  that  the  disease  is  really 
endemic  in  West  Africa,  and  still  less  in  Central  Africa,  though  m 
the  former  area  it  is  not  uncommon  at  times.  'On  the  contrary, 
there  is  evidence  that  the  Cape  Verde  Islands  were  infected  in 
1510-15,  and  that  the  Gulf,  of  Benin  received  its  yellow  fever  from 
this  source  in  1520. 

From  the  endemic  centre  the  disease  can  spread  by  the  agericy 
of  ships  until  it  reaches  46°  56'  N.  (Quebec)  and  34°  54'  S. 
(Monte  Video),  which  correspond  to  the  isotherm  of  60°  F.  (16°  C.) 
for  the  mean  temperature  of  the  hottest  month  of  the  year.  At 
its  northern  limits  the  disease  is  generally  very  mild,  but  at  its 
southern  limits  it  may  be  very  severe. 

The  areas  most  usually  affected  are  the  Atlantic  coasts  of  North 
America,  as  far  north  as  Charleston  (32°  46'  N.),  and  of  South 
America  as  far  south  as  Rio  de  Janeiro  (22°  54'  S.)-  Another 
region  commonly  affected  is  the  West  Coast  of  Africa,  from  Sene- 
gambia  to  Saint  Paul  de  Loando. 

Europe  has  frequently  been  attacked — e.g.,  England  (Swansea) 
in  1865,  France  in  1861,  Spain  and  Portugal  in  the  eighteenth  and 
nineteenth  centuries,  the  last  infection  being  in  Madrid  in  1878, 
and  Italy  (Leghorn)  in  1804. 

The  disease  has  apparently  more  than  once  reached  the  Pacific, 
for  it  spread  in  1740  to  Guayaquil,  in  Ecuador,  and  in  1854  to 
Peru. 

The  distribution  corresponds  with  that  of  Stegomyia  calopus,  and 
the  fact  that  the  disease  is  endemic  in  warm  climates  and  more 
marked  in  the  hot  season,  while  it  disappears  in  the  winter  of 
temperate  climates,  reappearing  in  the  summer,  coincides  with  the 
habits  of  the  mosquito.  Further,  the  facts  that  it  is  carried  by 
infected  ships  and  that  it  may  affect  low-lying  regions  near  the 
coast,  particularly  ports,  in  which  the  dwelling-houses  are  especially 
attacked,  are  explicable  by  its  mosquito  transmission. 

etiology. — The  causal  agent  exists  in  the  blood  of  an  infected 
person,  as  can  be  proved  by  the  fact  that  the  subcutaneous  inocula- 
tion of  o-i  c.c.  of  the  infected  blood  into  non-immune  persons 
produces  attacks  of  the  disease,  but  it  cannot  be  spread  to  man  by 
post-mortem  wounds.  This  causal  agent  appears  to  be  of  exceed- 
ingly  small    size,    for   diluted    blood  filtered   through   a   Pasteur- 
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Chamberland  B  bougie  can  still  cause  the  disease  if  inoculated 
intravenously  into  a  non-immune. 

It  is  obviously  a  living  organism,  and  not  a  chemical  substance, 
because  of  the  time  it  takes  to  develop  in  man  and  the  mosquito  ; 
for  the  mcubation  period  in  man  is  usually  three  days.  The  mos- 
quito, in  order  to  become  infected,  must  bite  a  patient  during  the 
first  three  days  of  his  illness,  and  then  twelve  days  must  elapse 
before  the  infected  mosquito  can  transmit  the  disease. 

The  proof  of  the  transmission  of  the  disease  by  Stegomyia  calopus 
was  worked  out  by  Reed,  Carroll,  Agramonte,  and  Lazear,  by  con- 
structing a  gnat-proof  building  divided  into  two  gnat-proof  com- 
partments, into  the  first  of  which  infected  mosquitoes  were  liberated 
and  allowed  to  bite  a  non-immune,  while  other  non-immunes  slept 
in  the  second  compartment.  The  man  in  the  first  compartment 
developed  an  attack  of  yellow  fever,  while  the  others  did  not. 

Non-immunes  living  in  gnat-proof  houses,  with  articles  of  clothing 
and  bedding  soiled  with  urine,  fasces,  black  vomit,  etc.,  from  cases 
of  yellow  fever,  did  not  contract  the  disease,  though  after  this 
experiment  was  finished  some  were  infected  by  means  of  the 
bites  of  infected  mosquitoes,  thus  proving  that  they  were  not 
immune. 

Marchoux  and  Simond  extended  this  knowledge  by  showing  that 
a  Stegomyia  can  live  for  some  thirty  days,  and  lay  seven  batches  of 
eggs.  Those  laid  after  the  twelve  days'  incubation  by  an  infected 
mosquito  are  also  infected,  and  can  transmit  the  contagium  vivum 
to  a  second  generation  of  mosquitoes,  but  these  cannot  infect  non- 
immunes until  fourteen  days  after  hatching  as  imagines. 

Further,  the  contagium  vivum  can  apparently  only  exist  in  man 
and  Stegomyia  calopus,  though  it  is  true  that  a  chimpanzee,  after 
an  incubation  of  three  days,  suffered  from  a  typical  attack  of  yellow 
fever,  induced  by  experimental  mosquito-bites,  as  was  shown  by 
Thomas  in  1907.  No  other  mosquito  so  far  has  been  proved  to 
carry  the  infection. 

It  appears,  also,  that  the  development  in  the  mosquito  depends 
to  some  extent  upon  the  air  temperature,  as  in  the  case  of  the 
malarial  parasite. 

The  ffitiology  may  therefore  be  summarized  by  saying  that  the 
causation  is  an  animal  parasite,  living  in  the  blood-stream  of  nian 
and  in  the  body  of  Stegomyia  calopus  Meigen,  by  the  bites  of  which 
it  can  be  transmitted  to  man  and  the  chimpanzee. 

Unfortunately,  according  to  Theobald,  it  is  necessary  to  change  the  old 
name  Stegomyia  fasciata  Fabricius  1805  to  S.  'fmter  Desvoidy  a827  or  to 
5.  calopus  Meigen  18 18,  though  there  is  some  doubt  as  to  whether  the  latter, 
which  is,  of  course,  the  older  term,  really  appHes  to  the  msect  we  know  as 
5.  fasciata.  The  reason  for  this  change  is  because  the  term  fasciata  was 
used  by  Villiers  in  1789  for  a  Culex. 

Pathology.— In  yellow  fever  the  cells  of  the  liver  swell,  and, 
pressing  upon  the  bile  capillaries,  obstruct  the  flow  of  bile  and 
cause  a  hepatogenous  jaundice,   characterized  by  yellow  staining 
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of  the  skin  and  tissues,  and  by  the  presence  of  bile  in  the  urine. 
Further,  the  swelling  blocks  the  intralobular  capillaries,  causing 
congestion  of  all  the  viscera  drained  by  the  portal  vein,  but  especially 
of  the  pyloric  end  of  the  stomach  and  the  duodenum,  because  of 
the  arrangement  of  the  veins  from  those  parts.  This  stagnation 
of  the  blood  may  allow  a  secondary  bacterial  infection  to  take 
place,  which  shows  its  effect  on  the  intestine  and  spleen. 

The  liver  cells  degenerate  so  extensively  in  bad  cases  as  to  cause 
the  urea  function  to  be  considerably  lessened  in  activity,  and  thereby 
a  condition  of  ammonisemia  comes  about,  which  produces  most 
serious  toxic  effects  upon  the  brain  and  other  organs.  In  addition, 
the  disease  in  some  way  seriously  afiects  the  endothelial  lining  of 
the  blood  capillaries,  producing  haemorrhages  in  various  parts  of 
the  body.  If  these  leading  features  of  the  pathology  are  borne  in 
mind,  the  post-mortem  appearances  and  the  symptomatology  will 
be  easily  understood. 

An  attack  generally  confers  a  lasting  immunity  upon  a  person, 
and  second  attacks  are  rare,  and  it  appears  that  the  so-called 
racial  immunity  of  people  living  in  endemic  regions  is  really  an 
acquired  immunity,  due  to  mild  attacks  in  childhood.  Relative 
immunity  can  be  acquired  by  inoculation  of  infected  blood,  heated 
to  55°  C.  for  five  minutes.  Further,  it  is  found  that  the  serum  of 
a  convalescent  has  some  protective  power. 

The  Blood. — There  is  no  marked  alteration  in  the  numbers  or 
appearance  of  the  erythrocytes,  even  in  fatal  cases.  A  few  normo- 
blasts are  said  to  be  present  at  times.  On  the  other  hand,  there  is  a 
decided  loss  of  hsemoglobin,  though  this  is  rarely  below  90  per  cent, 
in  the  first  three  or  four  days  ;  and  haemoglobinsemia  is  said  to 
occur  in  fatal  cases  before  death.  But  this  does  not  appear  to 
coincide  with  the  fall  of  specific  gravity,  which  may  be  present 
without  loss  of  hsemoglobin. 

The  leucocytes  do  not  appear  to  be  distinctly  increased  in 
numbers,  varying  from  3,200  to  20,000  per  cubic  miUimetre,  the 
increase,  when  present,  being  largely  caused  by  polymorpho- 
nuclear leucocytes.  The  coagulation  of  the  blood  is  diminished, 
and  ammoniaemia  is  thought  to  be  present  in  bad  cases. 

The  Urine. — Albumin  appears  early — as  a  rule,  on  the  second 
day — and  increases  in  quantity  remarkably,  especially  in  severe 
cases.  During  convalescence  it  may  disappear,  or  may  last  for 
months.  Bile  is  present  about  the  fifth  or  sixth  day,  and  red  blood 
cells  may  also  occur,  though  leucocytes  are  rather  rare.  Casts  are 
present — first  hyaline,  then  granular,  and  finally  epithelial.  Urea 
is  diminished  in  bad  cases,  and  the  diazo-reaction  is  beheved  to  be 
absent  in  uncomplicated  cases. 

The  Vomit. — ^The  vomit  is  often  distinguished  as  white,  red, 
and  black.  The  white  is  acid,  colourless  or  bile-stained,  and  is 
composed  largely  of  mucus.  The  red  vomit  contains  bright  blood, 
while  the  black  is  acid,  containing  hydrochloric  acid,  epithelial 
cells,  red  corpuscles,  fat,  debris,  and  micro-organisms,  its  colour 
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being  due  to  the  presence  of  hemoglobin,  turned  to  acid  heematui 
by  the  hydrochloric  acid. 

Morbid  Anatomy.— The  skin  is  yellow  from  bile-pigment,  and 
plotched  with  post-mortem  lividity  and  haemorrhages.  The  liver 
IS  yellowish  or  brownish  in  colour,  marked  by  hsemorrhages.  The 
cells  are  swollen  and  in  a  state  of  advanced  fatty  degeneration, 
i  he  gall-bladder  contains  inspissated  bile,  sometimes  mixed  with 
blood.  The  spleen  is  congested  and  soft.  The  stomach  and 
intestmes  may  be  full  of  blood,  and  the  mucosa  of  the  stomach, 
especiaily  that  of  pylorus  and  duodenum,  is  usually  much  swollen. 
Ihe  kidneys  are,  as  a  rule,  normal  in  size,  and  not  markedly  con- 
gested. The  cells  of  the  tubules  show  fatty  degeneration,  and 
the  lumen  may  contain  granular  debris.  The  bladder  is  usually 
empty.  The  heart  shows  ecchymoses,  and  effusions  may  be  found 
in  the  pericardium.  The  lungs  may  be  congested,  and  hemorrhages 
may  be  found  beneath  the  pleura.  The  meninges  of  the  brain  are 
congested,  and  haemorrhagic  spots  may  be  seen. 

Symptomatology.— An  exact  knowledge  of  the  length  of  the 
incubation  period  is  of  the  utmost  importance  from  a  prophylactic 
point  of  view.  Calculated  from  experimental  mosquito-bites,  it 
varies  from  two  days  twenty-two  hours  to  seven  days  five  hours, 
but  the  latter  figure  was  in  a  man  who  had  had  a  mild  attack. 
With  regard  to  the  former  period,  it  is  the  shortest  actual  record, 
but  some  more  doubtful  figures,  as  low  as  two  days  one  hour,  are 
given.  Excluding  the  man  with  the  slight  attack,  the  incubation 
period,  as  generally  given  by  American  observers,  would  be  from 
two  days  twenty-two  hours  to  six  days  two  hours.  Marchoux, 
Salimbeni  and  Simond  consider  that  the  incubation  may  be  as 
long  as  twelve  days,  and  draw  this  conclusion  from  inoculation  of 
modified  blood-serum,  and  also  from  natural  infection.  Carter's 
careful  clinical  records,  however,  give  the  incubation  period  as 
varying  from  three  to  five  and  three-quarter  days. 

The  average  time  appears  to  be  about  five  days,  but  to  be  on  the 
safe  side  at  least  six  to  seven  days  must  be  allowed. 

The  fever  is  divisible  into  two  paroxysms,  separated  by  a  remis- 
sion or  intermission.  The  first  attack  is  characterized  by  headache, 
pale,  then  flushed,  face,  injected  eyes,  and  pains  in  the  body,  and 
after  the  second  day  albuminuria  ;  while  the  second  attack  shows 
the  jaundice  from  which  the  disease  obtains  its  name,  and  the 
haemorrhages,  of  which  black  vomit  and  black  motions  form  such 
ominous  signs. 

Prodromata  are  usually  absent,  but  general  malaise  may  be 
felt  for  some  little  time  previously.  The  attack  begins  with  a  sensa- 
tion of  coldness,  with  or  without  rigors,  and  with  severe  frontal 
headache,  pains  in  the  back  and  limbs,  while  the  face,  at  first  pale, 
becomes  flushed  and  painful,  the  skin  congested,  the  eyes  brilliant 
and  injected,  and  photophobia  is  often  present.  The  temperature 
rapidly  rises  to  103°  F.  or  more  ;  the  respiration  quickens  and  is 
laboured  ;  the  pulse  is  quick,  full,  and  bounding,  reaching  to  100  or 
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120  per  minute.  The  appetite  is  lost,  and  there  is  usually  vomiting, 
associated  with  pain  and  tenderness  in  the  region  of  the  pylorus,  and 
usually  constipation.  The  urine  is  generally  diminished,  acid  m 
reaction,  with  a  high  specific  gravity,  and  albumin  is  present  from 
the  first  or  second  day.  Its  passage  may  cause  a  sensation  of  burn- 
ing.    During  this  stage  there  is  often  insomnia. 

On  the  second  to  fourth  day  the  remission  sets  in,  the  temperature 
either  dropping  with  a  crisis,  accompanied  by  sweating,  to  norrnal, 
or  remitting  to  about  100°  F.,  the  flush  and  pains  disappearing. 
In  the  former  case  the  disease  ends  and  convalescence  begins. 
More  usually,  however,  after  a  few  hours'  remission,  during  which 
the  patient  feels  much  better  and  sleeps  well,  the  temperature 
again  rises  to  104°  F.  or  105°  F.  ;  but  a  most  characteristic  feature, 
called  '  Faget's  sign,'  now  shows  itself,  in  that  the  pulse  does  not 
increase  in  rapidity  as  the  temperature  rises.  On  the  contrary, 
as  days  go  on,  the  pulse-rate  tends  to  become  slower  and  slower, 
without  regard  to  the  temperature.  This  sign  depends  upon  the 
severity  of  the  case,  being  most  noticeable  in  severe  types,  in  which 
it  may  be  only  70  to  60  per  minute,  though  associated  with  a  high 
temperature. 

During  the  second  attack  all  the  symptoms  of  the  first  paroxysm 
return,  but  the  congestion  of  the  skin  is  not  so  marked,  and  the 
yellow  tint  of  jaundice  appears  for  the  first  time,  and  deepens  as 
the  illness  proceeds.  The  vomiting  and  tenderness  in  the  stomach 
return,  and  are  associated  now  with  much  thirst  and  prostration. 
The  tongue  is  dry  and  furred,  with  red  tip  and  edges.  Haemor- 
rhages may  now  occur  from  the  nose,  mouth,  or  uterus,  and  the  bad 
signs  of  black  vomit  and  melaena  may  appear.  The  urine  diminishes 
in  quantity,  and  the  albumin  increases.  In  bad  cases  its  excretion 
may  totally  cease.  There  is  generally  much  restlessness,  and  often 
delirium. 

Two  courses  are  now  possible.  The  first  is  that  after  three  to 
four  days'  illness  the  temperature  may  decline,  the  urine  increase  in 
amount,  the  albumin  diminish,  and  the  vomiting  gradually  cease ; 
while  sweating  may  occur,  and  the  patient,  passing  into  a  deep 
sleep,  awakens  on  the  road  to  convalescence.  The  second  is  that 
the  temperature  does  not  decline,  the  jaundice  deepens,  haemor- 
rhages appear  under  the  skin,  and  from  the  legions  indicated  above 
hiccough,  subsultus  tendinum,  clammy  sweats,  anuria,  coma,  and 
convulsions  lead  to  death,  which  may,  however,  take  place  before 
the  full  development  of  these  symptoms  by  cardiac  or  respiratory 
failure. 

Varieties. — Three  varieties  may  be  recognized,  though  some 
authors  describe  more.  These  are  the  mild,  the  severe,  and  the 
malignant.  The  mild  type  consists  of  simply  the  first  paroxysm, 
in  which  the  temperature  does  not  rise  above  102°  F.,  the  urine 
contains  albumin,  and  the  fever  ceases  by  crisis  on  the  second  or 
third  day.  The  severe  type  shows  the  characters  given  above  as 
typical  for  the  disease.     The  malignant  type  begins  with  high  fever , 
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105°  F.  to  107°  F.,  with  violent  vomiting  and  the  early  appear- 
ance of  black  vomit  and  melaena,  when  the  patient  quickly  becomes 
delirious,  and  dies  in  the  initial  fever. 

Complications. — Any  pre-existing  pathological  condition  is  serious 
in  yellow  fever,  but  renal  and  cardiac  affections  are  perhaps  the 
worst.  Gangrene,  abscesses,  congestion  of  the  lungs,  and  intussus- 
ception are  possible  complications  arising  in  the  course  of  the 
disease. 

Sequelae. — Boils  and  abscesses,  dysentery  and  hepatitis,  are  the 
common  sequels,  but  usually  convalescence  is  not  complicated  or 
protracted. 

Prognosis. — ^The  mortality  is  very  variously  given,  usually 
10  to  25  per  cent,  for  the  United  States  and  Europe,  and  45  to 
80  per  cent,  for  the  endemic  area  and  West  Africa.  The  extremes 
are  0-5  to  94-5  per  cent. 

All  cases  of  yellow  fever  must  be  considered  serious,  especially 
if  complicated  with  pre-existing  disease,  and  constant  care  must 
be  taken  to  measure  the  daily  quantity  of  urine  passed,  and  to 
estimate  the  amount  of  albumin  ;  for  marked  diminution  of  the 
urine,  especially  anuria,  is  a  grave  sign.  High  temperatures,  black 
vomit,  melsena  and  other  haemorrhages,  and  marked  disturbance 
of  the  nervous  system,  are  all  bad  omens. 

Diagnosis. — The  typical  symptoms  in  an  epidemic  will  hardly  be 
mistaken  for  any  other  disease,  but  the  mild  early  case  is  very 
difficult  to  recognize.  The  best  signs  for  a  positive  diagnosis  are 
albuminuria,  the  epigastric  tenderness,  and,  later,  the  jaundice, 
with  Faget's  sign,  and  the  black  vomit. 

The  most  important  diseases  to  differentiate  in  the  first  stage 
are  dengue,  subtertian  malaria,  blackwater  fever,  and  relapsing 
fever.  Dengue  may  be  recognized  by  the  absence  of  albuminuria, 
the  preHminary  rash,  and  leucopenia  ;  subtertian  malaria  by  the 
parasites  in  the  blood,  and  the  typical  four-hourly  temperature- 
chart,  and  the  lack  of  albuminuria  ;  blackwater  fever  by  the  haemo- 
globin in  the  urine  and  the  mononuclear  increase  ;  relapsing  fever 
by  the  parasites  in  the  blood,  the  leucocytosis,  and  the  lack  of 
albuminuria. 

Treatment.— The  modern  treatment  of  yellow  fever  is  based  upon 
the  work  of  Sternberg,  Touartre,  and  Anderson. 

As  the  cause  of  the  disease  is  unknown,  the  treatment  must  aim 
at  the  prevention  of  the  spread  of  the  infection,  the  rapid  elimination 
of  the  toxins,  and  the  alleviation  of  the  symptoms.  To  prevent 
the  spread  of  the  disease,  the' patient's  bedroom  must  be  rendered 
mat-proof.  The  excretion  of  the  toxins  must  take  place  by  the 
bowels,  skin,  or  kidneys,  and  therefore  it  is  necessary  to  encourage 
the  action  of  all  three.  The  bowels  are  opened  by  a  small  dose  ot 
calomel  given  more  for  the  purpose  of  disinfecting  the  ahmentary 
canal  than  for  any  other  reason,  followed  by  doses  of  sodium 
sulphate  until  the  purgative  action  has  been  produced.  After  this 
the  action  of  the  bowels  can  be  maintained  by  enemata  of  i  table- 
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spoonful  of  sodium  sulphate  dissolved  in  a  pint  of  warm  water, 
and  given  morning  and  night. 

When  there  is  severe  headache,  a  hot  mustard ■  foot-bath  may  be 
given,  which  should  reheve  the  head.  After  this  the  patient  is 
warmly  wrapped  up  in  blankets,  care  being  taken  that  he  is  not 
oppressed  by  the  clothing,  for  only  those  who  have  been  seriously 
ill  can  appreciate  how  embarrassing  the  weight  of  heavy  blankets 
is  to  the  heart.  It  is  hoped  that  by  these  means  the  action  of  the 
skin  will  be  stimulated. 

In  order  to  dilute  the  toxins,  and  at  the  same  time  to  stimulate 
the  action  of  the  kidneys,  an  alkaline  treatment,  with  plenty  of 
fluid,  is  required.  This  can  be  effected  by  administering  2  to 
4  quarts  of  iced  effervescing  Celestin  Vichy  water  in  the  twenty- 
four  hours,  or  the  same  quantity  of  any  alkaline  mineral  water, 
to  each  pint  of  which  30  grains  of  sodium  bicarbonate  have  been 
added ;  or  Sternberg's  celebrated  mixture  of — 

Sodii  bicarbonatis        . .  . .     gr.  cl. 

Hydrargyri  perchloridi  . .     gr.  J. 

Aquae  . .  . .  . .     ad  $x. 

may  be  prescribed  in  3-tablespoonful  doses  every  hour;  or  an 
effervescing  drink  can  be  made  up  of  sodium  bicarbonate  and  fresh 
lime-juice,  but  care  should  be  taken  that  this  is  mixed  in  such 
quantities  as  to  be  neutral,  and  it  may,  if  necessary,  be  combined 
with  sodium  sulphate.  If  this  alkaline  treatment  cannot  be  given 
by  the  mouth,  then  the  bicarbonate  of  soda  must  be  administered 
as  warm  enemata. 

As  regards  symptoms,  if  there  is  great  pain,  this  can  be  relieved 
by  a  small  dose  of  phenacetin,  while  severe  lumbar  pain  may  be 
relieved  by  hot  fomentations ;  but  if  no  urine  is  passing,  the  warm 
mustard  bath  will  be  better. 

Vomiting  is  treated  by  sips  of  iced  Vichy,  iced  champagne,  a 
blister  to  the  pit  of  the  stomach,  a  dose  of  a  mixture  containing 
chloroform,  or  a  hypodermic  injection  of  morphia.  If  there  is 
much  fever,  this  must  be  treated  by  cool  sponging  and  cool  applica- 
tions to  the  head. 

Black  vomit  should  be  treated  by  the  application  of  the  ice-bag 
to  the  pit  of  the  stomach,  and  haemorrhages  in  general  should  be 
met  with  doses  of  calcium  chloride  or  hypodermic  injections  of 
adrenalin  or  ergotin. 

In  these  bad  cases  it  is  advised  by  some  authors  to  rub  olive  oil 
into  the  skin  in  quantity,  with  a  view  of  ladening  the  endothelial 
cells  of  the  blood  capillaries  with  fatty  particles,  and  so  protecting 
them  against  the  action  of  the  toxins. 

Anuria  requires  treatment  by  hot  fomentations  to  the  loins, 
or  cupping  and  hot-air  baths,  and  Carroll  recommends  the  injection 
of  15  grains  of  urea,  either  hypodermically  or  by  the  rectum,  with 
a  view  to  stimulating  renal  activity,  on  the  ground  that  in  these 
bad  cases  the  production  of  urea  by  the  liver  is  not  sufficient  for 
that  purpose. 
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Cardiac  failure  requires  hypodermic  injections  of  strychnine, 
camphor  dissolved  in  ether  or  oil,  or  simply  ether. 

No  food  should  be  given  for  two  or  three  days,  but  only  the 
alkaline  drinks,  and  champagne  if  necessary,  the  idea  being  to 
relieve  the  stomach  and  prevent  the  accumulation  of  waste 
products  in  the  system,  and  so  to  save  the  kidney  from  too  much 
work. 

After  this  time,  or  if  the  temperature  is  below  102°  F.,  milk  and 
lime-water,  toast-water,  and  barley-water  may  be  given.  With 
a  view  to  saving  tissue  waste  and  getting  fat  into  the  circulation, 
pure  frozen  cream,  cold  white  wine-jelly  or  lemon-jelly,  should 
be  given,  or  olive  oil  administered  by  the  mouth  or  rubbed  into  the 
skin,  as  indicated  above. 

After  the  temperature  has  been  normal  for  some  three  days, 
chicken-broth,  custard-pudding,  blanc-mange,  etc.,  can  be  tried, 
and  a  few  days  later  the  diet  can  be  gradually  increased. 

Strong  beef  extracts  and  strong  alcoholic  stimulants  should  be 
avoided,  the  best  stimulant  being  iced  champagne  in  tablespoonful 
doses. 

Prophylaxis. — Yellow  fever  is  generally  conveyed  from  one 
place  to  another  by  ships,  but  in  order  to  produce  an  epidemic 
several  factors  are  necessary — viz.,  cases  of  the  disease  from  which 
Stegomyia  calopus  may  become  infected,  together  with  conditions 
of  temperature,  moisture,  etc.,  suitable  for  the  development  of 
the  germ  in  the  mosquito,  and  also  for  the  propagation  of  the 
mosquito  itself,  together  with  the  presence  of  non-immune  people 
for  the  mosquito  to  infect.  It  is  also  necessary  to  bear  m  mmd 
that  the  incubation  period  is  usually  from  three  to  six  days,  and 
therefore  quarantine  must  be  of  at  least  five  days,  or,  to  be  on  the 
safe  side,  of  six  or  seven  days'  duration.  In  order  that  the  mos- 
quito may  become  infected  it  must  bite  a  patient  durmg  the  first 
three  days  of  the  illness,  and  another  twelve  days  must  elapse 
before  it  is  able  to  infect  non-immunes.  Therefore  an  mfected 
ship  must  be  anchored  at  least  a  quarter  of  a  mile  from  the  shore 
and  from  other  ships.  The  sick  must  be  placed  m  mosquito-proof 
rooms,  the  crew  quarantined  for  at  least  six  to  seven  days,  and  the 
whole  ship  disinfected  by  a  Clayton's  dismfector,  preferably  be- 
tween 9  a.m.  and  3  P-m-,  while  the  mosquitoes  are  quiescent 
Dock-labourers  working  on  suspected  or  disinfected  ships  should 
live  in  special  gnat-proof  buildings,  and  be  under  medical  super- 

""' With  regard  to  an  infected  area,  it  must  be  remembered  that 
Stegomyia  calopus  is  essentially  domestic  in  its  habits,  that  it  is 
active  from  3  p.m.  till  early  morning,  but  that  it  is  quiescent  between 
the  hours  of  9  a.m.  and  3  p.m.,  when,  therefore,  visits  can  be  made 
to  infected  areas  without  risk.  Further,  the  mosquito  is  known 
to  Mte  dead  bodies  and  suck  the  blood,  but  this  will  seldom  infect 
it  as  a  patient  generally  lives  longer  than  the  three  days  during 
which  the  disease  can  be  communicated  to  the  mosquito.     Lastly. 
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it  can  pass  through  a  screen  with  fifteen  meshes,  but  not  through 
one  with  twenty  meshes  to  the  inch. 

The  mosquito  does  not  die  after  laying  its  eggs,  but  lives  until 
it  has  laid  seven  batches — i.e.,  some  thirty  days.  The  eggs  laid 
twelve  days  after  infection  are  capable  of  carrying  the  infection 
into  the  second  generation,  which  can  spread  the  disease  fourteen 
days  after  becoming  imagines. 

When  a  person  is  moved  from  an  infected  room,  disinfection 
should  be  begun  at  once.  All  cracks,  openings,  etc.,  should  be 
closed  with  paper,  and  fumigation  carried  out,  preferably  by  means 
of  sulphur  dioxide  gas,  or  if  there  is  an  objection  to  this  because 
of  the  damage  it  causes,  pyrethrum  may  be  used,  but  must  be 
burned  in  the  proportion  of  i  pound  to  i,ooo  cubic  feet  of  air- 
space if  the  mosquitoes  are  to  be  merely  stupefied,  and  2  pounds 
if  they  are  to  be  killed  ;  or  tobacco,  i  pound  per  i,ooo  cubic  feet, 
may  be  used. 

In  addition,  if  an  epidemic  is  to  be  eradicated,  cases  must  be  at 
once  notified  to  the  central  authority,  and  patients  must  be  strictly 
treated  in  mosquito -proof  rooms,  and  every  person,  immune  or 
non-immune,  must  use  mosquito-curtains,  while  an  anti-mosquito 
scheme  on  the  lines  mentioned  under  Malaria  must  be  undertaken. 
Special  care  must,  however,  be  taken  to  eradicate,  after  a  careful 
survey,  all  the  breeding-places,  not  forgetting  those  in  old  tins, 
cocoanut-shells,  gutters,  small  pools,  etc.  In  endemic  areas  houses 
and  public  buildings  should  be  rendered  gnat-proof.  Lastly,  when 
an  epidemic  breaks  out  in  any  place,  it  may  be  taken  for  granted 
that  the  importation  took  place  at  least  two  to  three  weeks  prior 
to  the  discovery,  for  this  is  the  time  required  for  the  incuba- 
tion of  the  germ  in  the  mosquito  and  in  man  ;  and  it  may  also  be 
assumed  that  mild  cases  are  probably  being  treated  for  influenza 
or  malaria.  Therefore  a  house-to-house  visitation  is  almost  neces- 
sary, in  order  to  find  out  the  extent  of  the  outbreak. 

Given  a  free  hand  and  plenty  of  money,  there  should  be  no 
difficulty  in  dealing  with  a  threatened  epidemic,  but  the  public 
must  be  won  over  to  assist,  and  offenders  must  be  fined  for  trans- 
gressions against  sanitation,  as  is  done  by  the  Americans  in  Panama, 
the  offences  being  the  presence  of  mosquito  larvas,  imperfect 
screening  of  the  house,  accumulation  of  water,  etc. 

No  anxiety  need  now  be  felt  as  to  the  spread  of  yellow  fever 
to  Asia  when  the  Panama  Canal  is  open,  for  it  appears  as  though 
not  merely  yellow  fever,  but  all  infectious  and  contagious  fevers, 
are  bound  to  be  eradicated  from  the  Canal  zone  under  the  able 
Amei'ican  rule. 
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CHAPTER  XXXI 
UNDULANT  FEVER 

Synonyms  —  Definition  —  History  —  Climatology  —  etiology  —  Pathology 
—  Symptomatology  • —  Diagnosis  —  Prognosis  —  Treatment  —  Prophy- 
laxis— References. 

Synonyms.  —  Mediterranean  Fever,  Malta  Fever,  Bruce's  Septi- 
csemia,  Gibraltar  Fever,  Neapolitan  Fever,  Cyprus  Fever,  Febris 
Undulans,  Febris  Sudoralis. 

Definition. — Undulant  fever  is  a  chronic,  rarely  an  acute,  febrile 
disorder,  with  many  undulatory  relapses,  caused  by  Micrococcus 
melitensis  Bruce,  and  usually  spread  by  the  agency  of  goat's 
milk. 

History. — Undulant  fever  has  probably  existed  in  the  neighbour- 
hood of  the  Mediterranean  for  centuries,  and  passages  are  cited 
from  Hippocrates  recounting  cases  of  long-drawn-out  fevers,  with 
short  apyrexial  intervals  lasting  as  long  as  120  days,  which  may 
perhaps  refer  to  the  disease. 

In  the  eighteenth  and  the  early  part  of  the  nineteenth  centuries 
references  were  made  to  protracted  fevers  occurring  in  Malta  by 
various  observers — e.g.,  Howard  in  1786,  Hennen  in  1816-25, 
Davy  in  1842-62 — but  it  is  difficult  to  be  certain  what  disease  is 
referred  to.  During  the  Crimean  War  there  appears  to  have  been 
a  very  large  temporary  increase  of  the  fever  incidence  in  Malta, 
much  of  which  was  undoubtedly  enteric,  but  some  of  it  was  not. 
The  change  in  the  type  of  fever  appears  to  have  been  so  marked 
that  some  people  thought  that  a  new  disease  had  been  imported 
from  the  Crimea  by  the  returning  troops. 

In  1859  Marston,  having  personally  suffered  from  the  fever,  first 
gave  an  accurate  account  of  its  clinical  history  and  post-mortem 
appearances  under  the  term  '  Mediterranean  remittent '  or  '  gastric 
remittent  fever, '  distinguishing  it  clearly  from  enteric  and  what  he 
called  '  Maltese  fever.' 

From  this  date  there  seems  to  have  been  much  confusion,  for  it 
was  often  diagnosed  as  some  form  of  rheumatism,  but  the  disease 
appears  to  have  been  clearly  recognized  by  Boileau,  Chartres, 
Thomas,  and  others.  In  1879  Veale  gave  an  account  of  it  as 
seen  in  invalids  at  Netley,  as  did  Fazio  in  Naples,  who  not  merely 
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described  the  disease,  but  suggested  that  it  might  be  found  to  be 
of  bacterial  origin. 

In  1886  it  was  proved  to  be  a  separate  pathological  entity  by 
Bruce,  who  discovered  a  micrococcus  in  the  spleen.  In  1887  he 
found  the  organism  several  times,  and  was  able  to  cultivate  it  on 
agar-agar,  and  to  reproduce  the  disease  by  inoculation  in  monkeys, 
from  which  he  again  obtained  the  organism  in  pure  culture.  In 
1889  he  published  the  first  full  account  of  the  clinical  symptoms, 
and  in  1891  he  grew  the  micrococcus  from  blood  aspirated  from  the 
spleen  during  life.  Thus,  Bruce  proved  that  this  organism,  which 
he  called  Micrococcus  melitensis,  was  the  true  cause  of  the  fever. 

In  1897  Wright  and  Semple  showed  that  the  disease  could  be 
diagnosed  by  the  agglutination  of  the  micro-organism  by  the  serum 
of  patients,  and  in  the  same  year  Hughes  published  a  full  historical 
and  clinical  account. 

In  1904  a  Commission  was  appointed  by  the  Admiralty,  the  War 
Office,  and  the  Civil  Government  of  Malta  to  investigate  the  disease. 
This  Commission  demonstrated  that  the  micrococcus  leaves  the 
body  mainly  in  the  urine,  and  is  then  capable  of  existing  for  a  long 
period  outside  the  body.  It  was  also  found  by  Zammit  and  others 
in  goats,  which  it  does  not  appear  to  affect  injuriously,  living  in 
the  blood-stream,  and  also  occurring  in  the  milk,  by  means  of  which 
the  disease  is  conveyed  to  man. 

Prophylaxis  on  the  lines  indicated  by  the  aetiology  has  resulted 
in  the  reduction  of  the  disease  in  Malta  from  643  cases  in  1905  to 
7  cases  in  1907.  In  igo6  Lamb  and  Pai  proved  that  the  organism 
existed  in  India  in  men,  while  Foster  did  the  same  for  goats. 

Climatology. — ^The  endemic  areas  of  the  disease  are  undoubtedly, 
firstly,  the  coasts  and  islands  of  the  Mediterranean,  and,  secondly, 
India,  especially  the  Punjaub,  where  the  causative  organism  has 
been  obtained  in  human  beings  and  goats.  We  have  met  with 
cases  in  Ceylon.  Recently  it  has  been  reported  from  many  other 
parts  of  the  world  on  the  strength,  in  many  cases,  of  the  serum 
diagnosis,  which,  however,  is  by  no  means  infallible. 

It  is  certainly  a  disease  of  tropical  and  subtropical  climates,  and 
exists,  in  addition  to  the  two  localities  mentioned,  in  East  and  South 
Africa,  China,  the  Philippine  and  Fiji  Islands,  North  and  South 
America,  and  the  West  Indies.  It  occurs  all  through  the  year,  but 
is  more  common  in  the  warm  weather  in  Malta. 

^Etiology. — ^The  cause,  as  has  been  indicated  in  the  history,  is 
Micrococcus  melitensis,  which  is  found  in  the  spleen,  liver,  kidney, 
lymphatic  and  salivary  glands,  the  blood,  bile,  faeces  (once  only), 
and  probably  in  the  alimentary  canal  (as  Eyre's  researches  on  rabbits 
indicate),  the  urine,  and  the  milk.  It  does  not  occur  in  the  expired 
air,  the  sweat,  the  saliva,  or  in  scrapings  from  the  skin. 

it  can  be  inoculated,  and  it  may  be  found  in  the  stomach  of 
mosquitoes  which  have  fed  upon  patients,  but  neither  they  nor  any 
other  biting  fly,  such  as  a  Stomoxys,  or  a  flea,  have  been  proved 
capable  of  spreading  the  disease.     It  is,  however,  very  resistant, 
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and  can  live  for  eighty  days  in  dust,  or  in  water,  fresh  or  salt,  for  a 
month,  but  has  never  yet  been  found  naturally  in  air,  dust,  soil,  or 
water,  neither  have  any  of  these  in  a  natural  way  been  proved 
capable  of  spreading  the  disease.  It  is,  however,  true  that  dust, 
infected  with  damp  organisms  from  a  culture,  has  infected  monkeys, 
as  have  suspensions  of  the  organism  when  applied  to  mucosae  of  the 
nose  or  throat.  It  appears,  however,  to  be  best  conveyed  to 
animals  in  food,  especially  milk. 

The  organism  has  also  been  found  by  the  serum  reaction  to  be 
present  in  50  per  cent,  of  the  goats  examined  in  Malta,  and  has  also 
been  obtained  from  the  milk  of  10  per  cent,  of  the  goats  investi- 
gated, and,  when  looked  for,  it  has  been  found  in  the  blood  of  goats 
and  other  animals.  Notwithstanding  this  infection,  the  animals 
are  quite  healthy.  It  appears  to  be  conveyed  to  man  by  infected 
milk  ;  the  best  evidence  in  favour  of  which  is  the  infection  of  a 
ship's  crew  by  the  milk  of  goats,  which  were  being  conveyed  from 
Malta  to  America,  53  per  cent,  of  which  were  found  to  be  infected. 

The  distribution  of  the  disease,  therefore,  depends  upon  the  con- 
sumption of  infected  goat's  milk,  for  people  who  use  this  milk  will 
be  more  liable  to  infection  than  others — hence  its  occurrence  in 
Malta  and  the  Mediterranean  districts,  in  South  Africa  and  India. 
This  is  also  the  reason  why  the  richer  classes  are  more  affected  than 
the  poorer,  and  why  individual  institutions  are  picked  out.  It  also 
explains  why  there  is  no  age  or  sex  incidence,  why  infants  rarely 
suffer,  and  why  occupation  and  surroundings  have  but  little  influ- 
ence. .  The  micro-organism  has  been  also  found  in  dogs,  mules,  and 
other  animals,  in  Malta. 

Pathology. — The  micrococcus  enters  the  blood-stream  via  the 
mucosae  of  the  alimentary  canal,  and  causes  a  genuine  septicaemia, 
with  enlargement  and  congestion  of  the  spleen  as  the  most  marked 
feature  ;  so  that  the  disease  somewhat  resembles  typhoid  fever  in 
many  of  its  characters,  without,  however,  producing  such  typical 
intestinal  lesions  as  that  disease.  According  to  some  authors 
(Ross,  etc.),  the  germ  can  be  conveyed  by  mosquitoes,  but  this  is 
far  from  being  proved.  For  clinical  and  experimental  reasons 
Bruce  believes  that  one  attack  produces  an  immunity,  but  Manson 
and  Bassett-Smith  doubt  this. 

Morbid  Anatomy. — ^The  morbid  anatomy  shows  an  enlarged  and 
congested  spleen,  some  congestion  of  the  liver,  kidney,  and  mesen- 
teric glands,  duodenum,  jejunum,  large  intestine,  and  lungs.  The 
spleen  is  usually  much  enlarged,  weighing  from  10  to  44  ounces. 
It  is  dark  red  in  colour,  and  may  be  soft  and  friable,  and  is  very 
congested,  with  enlarged  Malpighian  bodies.  The  liver  is  con- 
gested and  enlarged,  and  shows  cloudy  swelling,  with  a  round- 
celled  infiltration  between  the  lobules.  The  kidney  is  congested, 
and  may  show  a  glomerular  nephritis.  The  alimentary  canal  may 
not  merely  be  congested,  but  the  colon  may  also  be  ulcerated, 
particularly  in  cases  of  haemorrhage.  The  lungs  are  congested, 
especially  at  the  bases,  and  may  show  patches  of  consolidation. 
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Symptomatology.— Monkeys  fed  with  infected  milk  require  an 
incubation  of  fifteen  days,  while  in  human  beings  the  period, 
according  to  Johnstone,  is  fourteen  days. 

The  prodromata  are  usually  malaise,  chilliness,  headache, 
muscular  pains,  and  dyspepsia.  The  onset  comes  on  gradually, 
and  the  patient  continues  his  work  though  feeling  ill,  while  the 
temperature  rises  in  a  ladder,  being  higher  each  evening,  and 
remitting  somewhat  in  the  morning.  About  the  fourth  or  fifth 
day  of  the  illness  a  doctor  is  consulted  for  the  headache,  and  pains 
in  the  body  and  limbs,  which  may  have  been  thought  to  be  rheu- 
matic. The  patient  looks  ill,  and  his  temperature  is  found  to  be 
about  103°  F.,  his  pulse  80  to  90,  and  his  tongue  coated  dorsally 
with  a  white  fur,  while  the  edges  are  red,  and  may  be  indented  by 
the  teeth.  There  is  usually  a  slight  sore  throat  and  a  tender 
epigastrium,  with  some  bronchial  catarrh  or  congestion  of  the  lungs, 
and  enlargement  and  tenderness  of  the  spleen,  which  develop  in  the 
course  of  a  week  or  so. 

All  these  symptoms  continue  for  about  a  couple  of  weeks,  the 
temperature  remaining  high — 103°  F.  to  105°  F. — but  at  the  end  of 
this  period  the  fever  declines,  and  the  temperature  may  become 
normal,  while  the  patient  feels  much  better.  In  a  day  or  so, 
however,  a  relapse  occurs  with  much  the  same  symptoms  as  the 
attack.  This  relapse  subsides,  and  another  follows,  relapses  and 
intermissions  recurring  for  months. 

The  temperature  now  becomes  undulating,  with  a  marked  rise 
at  night  and  fall  in  the  morning,  while  the  patient  becomes  more 
and  more  anaemic,  weak,  and  wasted.  The  alimentary  canal  is 
irritated,  as  is  shown  by  the  dyspepsia  and  the  constipation  or 
diarrhoea.  The  throat  may  be  sore,  the  gums  spongy,  and  bleed 
on  pressure  ;  the  spleen  is  often  enlarged  and  painful,  and  the 
lungs  may  show  signs  of  bronchitis,  and  occasionally  lobular 
pneumonia,  while  the  heart  is  easily  excited,  and  hsemic  murmurs 
are  heard.  The  patient  shows  signs  of  prostration  and  head- 
ache, and  pains  all  over  the  body  are  felt.  Insomnia  and 
hysterical  emotions  are  not  uncommon,  but  actual  delirium  is  not 
usual,  and  the  memory  may  be  impaired,  while  neuritis — e.g., 
sciatica — may  occur.  The  skin  is  pale  but  damp,  due  to  local  or 
general  perspiration,  which  is  very  common,  and  occurs  with  each 
remission  of  the  temperature,  the  sweat  being  of  a  peculiar  dis- 
agreeable odour.  Sudamina  are  not  uncommon  after  the  third 
week.  Desquamation  may  occur,  as  well  as  prickly  heat,  boils, 
bed-sores,  subcutaneous  abscesses  or  haemorrhages. 

The  joints  may  become  swollen  and  very  painful,  but  the  skin  over 
them  is  seldom  reddened.  Of  all  the  joints  the  hip,  shoulder,  ankle, 
and  knee  appear  most  commonly  affected.  Inflammation  or 
neuralgia  of  the  testes  may  occur,  and  at  times  the  parotid  also 
becomes  inflamed. 

The  blood  has  been  more  particularly  studied  by  Bassett-Smith 
and  Gabbi,  who  find  a  secondary  anaemia  with  a  loss  of  20  to  40  per 
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cent,  of  the  corpuscles,  with  some  poikilocytosis  and  an  even 
greater  reduction  of  the  haemoglobin.  The  leucocytic  count  is 
normal,  but  there  is  a  decrease  in  the  polymorphonuclears,  and  an 
increase  in  the  mononuclears  to  26  to  76  per  cent.  Phagocytosis 
is  said  to  be  diminished,  as  is  also  the  bactericidal  power  of  the 
blood. 

Agglutination  is  a  useful  test,  but  must  be  in  a  dilution  of  at 
least  I  in  50,  otherwise  errors  in  diagnosis  will  result.  Bassett- 
Smith  recommends  i  in  50,  with  a  time-limit  of  thirty  minutes. 
This  reaction  is  said  to  last  for  a  very  long  time — i.e.,  two  to  seven 
years.  Birt  and  Lamb  have  made  this  serum  reaction  the  basis 
of  prognosis,  which  is  considered  to  be  unfavourable  if  continuously 
low,  or  rapidly  altering  from  a  high  to  a  low  figure.  Agglutinins  are 
present  also  in  the  saliva  (saliva-reaction  of  Polacci  and  others). 

The  ufine  is  passed  in  fair  quantity,  and  has  a  slightly  acid 
reaction,  with  a  deposit  of  urates  and  phosphates,  but  there  is  very 
seldom  any  albumin,  though  bile  may  be  present  in  severe  cases,  and 
the  specific  germ  can  be  found  in  the  urine  even  two  years  after  an 
attack. 

The  patient  is  now  anaemic,  and  prostrated  by  the  repeated 
attacks  of  fever,  when  gradually  the  symptoms  begin  to  improve, 
the  intermissions  lengthen,  the  attacks  lessen  in  length  and 
severity,  the  temperature  becomes  normal  or  subnormal  in  the 
rnorning,  rising  a  little  at  night.  Gradually  this  evening  rise 
diminishes  untU  it  stops,  the  tongue  clears,  the  symptoms  abate, 
and  convalescence  begins  after  an  illness  of  from  20  to  300  days, 
with  an  average  of  90  days. 

Varieties. — ^Two  varieties  distinct  from  the  typical  description 
given  above  are  recognized  by  Hughes — viz.,  a  malignant  and  an 
intermittent — to  which  a  third  or  ambulatory  variety  may  be  added. 

The  Malignant  Variety. — Suddenly,  without  warning,  the  patient 
is  attacked  with  high  fever,  the  temperature  rising  to  104°  F.  or 
105°  F.,  with  severe  pains  all  over  the  body,  flushed  face,  and  all 
the  other  symptoms  already  mentioned,  but  in  an  aggravated 
form,  and  often  associated  with  basal  pneumonia,  and  diarrhoea 
with  offensive  stools. 

After  a  little  the  symptoms  abate  somewhat,  but  instead  of 
improving,  the  pulse  becomes  intermittent,  the  breathing  is  laboured, 
and  vomiting  becomes  serious,  and  the  patient  gradually  passes  into 
the  typhoid  state,  when  hyperpyrexia  sets  in,  and  death  takes  place 
from  the  fifth  to  the  twenty-first  day  of  the  illness. 

The  Intermittent  Variety. — ^The  onset  in  this  variety  is  very 
gradual.  When  the  attack  is  fully  developed,  the  temperature  is 
about  normal  in  the  morning,  but  rises  in  the  afternoon  to  99°  F. 
or  105°  F.,  this  rise  being  accompanied  by  malaise,  irritability,  and 
chilliness.  During  the  night  sweating  occurs,  and  the  temperature 
falls  to  nearly  normal.  This  fever  continues  usually  for  about  six 
weeks,  but  may  be  prolonged  for  about  six  months,  and  is  usually 
unassociated  with  any  serious  symptoms — in  fact,  so  mild  may  the 
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attack  be  that  it  is  not  discovered  until  the  patient's  general  health 
begins  to  be  unsatisfactory,  and  he  seeks  medical  advice. 

The  Ambulatory  Variety. — Apparently  at  times  the  organism  may 
produce  such  little  effect  that  the  infected  person  may  be  unaware 
that  he  is  suffering  from  any  complaint,  and  may  pursue  his  daily 
vocation.  Thus,  out  of  525  dock-hands  examined  by  Shaw  at  Malta 
for  the  serum  reaction,  79  gave  positive  results ;  and  of  22  tested, 
9  contained  the  organism  either  in  the  blood  or  urine,  or  both. 

Complications. — Ulcers  may  occur  in  the  small  and  large  intestine, 
and  give  rise  to  haemorrhage,  while  persistent  vomiting,  diarrhoea, 
hyperpyrexia,  pneumonia,  pleuritic  effusion,  and  cardiac  failure  all 
form  serious  complications.     Orchitis  is  common. 

Sequelae. — Paralysis,  wasting  of  muscles,  loss  of  memory, 
tremulousness,  and  neurasthenia  are  possible  sequelae. 

Diagnosis. — ^The  principal  clinical  signs  on  which  to  base  a 
diagnosis  are  the  undulant  character  of  the  fever  and  the  articular 
symptoms. 

Bacteriological  methods  of  diagnosis  should  be  always  resorted 
to  whenever  possible.  The  agglutination  test,  if  properly  per- 
formed, is,  in  our  experience,  sufficiently  reliable,  but  in  any  doubtful 
case  the  blood  should  be  investigated  for  the  presence  of  Micrococcus 
melitensis,  using  nutrose  media  or  the  dilution  method.  In  case  of 
a  negative  result,  the  examination  should  be  repeated  at  least  three 
times  at  different  periods  of  the  disease. 

The  diseases  from  which  Malta  fever  must  be  distinguished  are 
typhoid,  recognized  by  a  positive  Widal  reaction,  malaria,  recognized 
by  the  presence  of  the  blood  parasites,  and  kala-azar,  by  its  parasite. 

Prognosis. — ^The  prognosis  in  the  usual  form  and  the  mild  type  is 
good,  the  dangers  being  syncope  and  complications.  The  sudden 
malignant  type  is  rare,  but  very  fatal.  The  mortality  is  placed  as 
low  as  2  per  cent,  by  Bruce,  but  others  have  reckoned  it  as  high  as 
13  per  cent,  for  the  army  in  Malta,  and  9  per  oent.  for  the  civilian 
population. 

Treatment. — ^The  treatment  is  entirely  symptomatic,  as  no  drug 
is  known  which  will  kill  the  parasite,  and  the  opsonin  treatment 
has  not  been  successful.  The  principal  symptoms  which  require 
treatment  are  fever,  pain,  gastric  and  intestinal  disturbances,  con- 
gestion of  the  mouth  and  throat,  nervous  symptoms,  and  haemor- 
rhages.    Attention  must  be  paid  to  the  skin,  lungs,  and  heart. 

The  patient  also  requires  the  utmost  care  as  regards  nursmg, 
and  in  the  acute  stages  the  bed-pan  should  be  used.  Chills  must  be 
avoided  by  the  use  of  warm  clothing,  and  the  room  should  be 
rendered  gnat-proof  to  keep  off  flies.  Care  must  be  taken  that  the 
bladder  is  emptied  regularly. 

The  fever  is  best  treated  by  tepid  sponging  when  moderate,  and 
cold  sponging  and  ice-packs  when  severe.  As  regards  pains, 
headache  is  treated  by  bromides,  with  or  without  morphia,  or  small 
doses  of  phenazone  or  phenacetin  with  caffeine  may  be  used  ;  pains 
in  the  joints  by  hot  fomentations  with  belladonna  or  opium  ;  general 
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pains  by  a  hypodermic  injection  of  morphia.  Scott's  dressing  may 
be  applied  to  a  swollen  and  painful  joint,  and  pain  in  the  soles  of  the 
feet  may  be  treated  by  cold-water  applications.  Vomiting  is  to 
be  treated  as  described  under  Malaria.  Constipation  is  met  by  a 
dose  of  calomel  and  a  saline,  and  the  bowels  kept  open  by  compound 
liquorice  powder  or  enemata.  Diarrhoea  is  controlled  by  sorne 
ordinary  astringent  mixture,  or  bismuth,  or  tannalbin  powders  in 
some  form,  while  Dover's  powder  is  very  useful,  for  it  also  relieves 
pain. 

If  the  colon  is  affected,  the  treatment  may  be  on  the  same  lines 
as  for  a  mild  attack  of  dysentery,  boracic  enemata  being  used. 
Small  doses  of  calomel — \  grain — three  or  four  times  a  day  as  an 
intestinal  disinfectant  are  useful.  The  dyspepsia  may  require 
treatment  on  the  ordinary  lines.  A  mouth-wash  of  glycothymoline, 
or  glycerin  borax  and  myrrh,  or  listerine  should  be  used,  and  the 
throat  cleaned  by  an  alkaline  spray,  and  then  astringed  by  a  gargle. 
The  nervous  symptoms  are  soothed  by  cool  sponging,  or  by  the 
bromide  and  morphia  mentioned  above.  Haemorrhages  must  be 
controlled  by  rest,  applications  of  ice,  careful  regulation  of  food,  and 
administration  of  adrenalin  and  calcium  chloride.  The  skin  must 
be  carefully  watched,  and  prickly  heat,  boUs,  or  threatening  bed- 
sores promptly  treated,  and  special  care  must  be  taken  that  after 
sweating,  which  often  occurs  at  night,  the  clothes  are  changed. 
The  lungs  should  be  watched  for  signs  of  congestion  and  pneumonia 
or  pleurisy,  which  must  receive  the  usual  treatment.  The  heart 
must  be  carefully  studied,  and  digitalis,  strychnine,  iron,  or  some 
other  cardiac  tonic  administered  as  required. 

Low  diet  is  necessary  during  the  attack  ;  but  if  milk  is  used,  care 
must  be  taken  that  it  is  not  goat's  milk,  or  derived  from  an  infected 
source,  otherwise,  while  treating  the  patient,  a  process  of  reinfection 
may  also  be  carried  out.  During  the  intermission  the  patient 
should  be  given  light  nutritious  food,  care  being  taken  to  see  that 
it  is  really  digested. 

Stimulants,  in  the  form  of  champagne  or  brandy,  are  often 
necessary  in  severe  cases,  because  of  the  cardiac  and  general 
depression. 

De  Brum  claims  to  have  had  good  results  in  the  treatment  of  Malta  fever 
by  giving  massive  doses  of  quinine  (i  drachm  daily). 

Prophylaxis. — ^The  prophylaxis  appears  to  be  simple  and  to  be 
summarized,  consists  in  the  avoidance  of  goat's  milk,  but,  of  course, 
it  has  not  yet  definitely  been  proved  that  this  is  the  sole  method  of 
infection.  The  Gibraltar  authorities  have  completely  stamped  out 
Malta  fever  by  prohibiting  the  importation  of  goats  from  Malta, 
which,  together  with  the  diminution  of  the  disease  in  Malta,  clearly 
demonstrates  the  great  practical  value  of  the  work  performed  by 
the  late  Commission, 


REFERENCES  777 


REFERENCES. 


Reports  of  the  Commission  for  the  Investigation  of  Mediterranean  Fever 

(1905-07).     Rejjorts  I.  to  VII.     London. 
AxiSA  (1906).     British  Medical  Journal,  September. 
Bruce  (1887-1908).      Practitioner  xxxix.,  ;   ibid.,   1887,  p.  161  ;  ibid.,  1-888, 

p.  241  ;  British  Medical  Journal,  1889,  i.  i  loi  ;  Osier's  System  of  Medicine, 

1908,  iii.  17. 
Bassett-Smith  (1904).     British  Medical  Journal,  ii.  325. 
Burt  and  Lamb  (1899).     Lancet,  vol.  ii. 

Bousfield  (1907).     Journal  of  the  Royal  Army  Medical  Corps. 
Gabbi  {1909).     Policlinico. 

Hughes  (1897).     Mediterranean  Fever.     London. 
Lamb  and  Pain. (1906).     No.  22,  Scientific  Memoirs.     India. 
Marston  (1863).     Army  Medical  Report,  iii.  486. 
Strachan  {1906).     South  African  Medical  Review. 
Veale  (1879).     Army  Medical  Report,  xxi.  260. 
Wright  (1897).     Lancet,  i.  656. 
Wimberley  (1907).     Indian  Medical  Gazette. 


CHAPTER  XXXII 
PLAGUE 

Synonyms  —  Definition  —  History  —  Climatology  —  etiology  —  Pathology  — 
Symptomatology  —  Diagnosis  —  Prognosis  —  Treatment — Prophylaxis — 
References. 

Synonyms. —  Black  Death,  Pestis,  Lues,  La  Peste  (French),  Die 
Peste  (German),  Peste  Bubbonica  (Italian),  Mahamari  (India),  Yeki 
(Japan),  Kota-wen  (China),  Kaumpuli  (Uganda). 

Definition. — Plague  is  a  septicaemia  caused  by  the  Bacillus  pestis, 
which  produces  an  epizootic  in  rats,  from  which  it  spreads  to  man 
and  other  animals  by  the  agency  of  fleas. 

In  man  it  causes  an  acute  specific  fever,  characterized  by  an 
inflammation  of  the  lymphatic  glands  ;  a  secondary  septicaemia,  with 
haemorrhages,  skin  necrosis,  and  often  a  secondary  pneumonia ;  or 
it  may  give  rise  to  a  primary  pneumonia  or  a  primary  septicaemia. 
The  pneumonic  forms  are  highly  infectious,  spreading  from  man  to 
man  by  aerial  convection. 

History  and  Epidemiology. — Plague,  because  of  its  epidemicity  and  its  high 
mortality,  is  much  feared,  and  has  been  noticed  from  early  times  to  be  associ- 
ated with  a  mortality  among  rats.  Thus,  the  Bible  contains  an  account  of 
an  epidemic  disease  in  the  Philistine  country  which  produced  buboes  in  human 
beings  and  killed  rats  ('  mice  of  the  field  '),  and  there  is  also  reference  in 
Simpson's  work  on  plague  to  the  fact  that  Sennacherib's  army  was  attacked 
by  a  pestilence  in  which  field-mice  were  in  some  way  concerned. 

But  it  was  not  until  the  outbreak  in  Pelusium,  a  great  Egyptian  market, 
in  A.D.  542,  that  the  disease  was  seriously  considered,  for  it  -spread  to 
Byzantium,  at  that  time  the  city  of  'the  world,  and  then  passed  into  Asia, 
and  through  North  Africa  into  Western  Europe  as  far  as  Ireland,  lasting  in 
epidemic  form  for  about  200  years. 

The  next  outbreak  is  in  the  eleventh  century,  when  it  spread  as  a  pandemic, 
reaching  a  maximum  in  the  fourteenth  century,  and  gradually  declining,  until 
suddenly,  in  the  seventeenth  century,  it  left  Western  Europe,  apd  in  1884  it 
vanished  frqpi  Eastern  Europe,  and  practically  from  Asia  Minor,  remaining, 
however,  in  the  district  of  Assyr,  in  West  Arabia. 

This  great  pandemic  stirred  Governments  to  take  prophylactic  measures, 
and  Count  Bernabo,  of  Reggio,  is  found  impressing  stern  quarantine  laws 
in  1374,  while  the  Venetians,  in  1403  and  subsequent  years,  laid  the  founda- 
tions of  modern  prophylaxis  by  erecting  the  first  lazaretto,  or  depot  for  the 
isolation  of  the  sick,  by  instituting  the  quarantine  for  forty  days  (hence  the 
term),  and  by  the  disinfection  of  clothing  and  merchandise.  Further,  they 
compelled  the  ship  coming  from  an  infected  port  to  hoist  a  yellow  flag,  and 
to  allow  an  inspection  of  the  crew  and  passengers  before  it  was  given  pratique. 
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In  the  meanwhile  plague  occurred  in  India,  where  the  first  records  are  to 
be  found  in  a  sacred  Hindu  book,  the  '  BhSgavat  Purana,"  believed  to  be 
800  years  old,  which  describes  a  disease  in  man  associated  with  death  among 
rats,  and  advises  the  vacation  of  a  house  in  which  dead  rats  are  found.  Plague 
is  known  to  have  formed  epidemics  in  the  eleventh,  twelfth,  fourteenth, 
fifteenth,  sixteenth,  and  seventeenth  centuries,  after  which,  apparently,  it 
disappeared  only  to  reappear  in  Gujurat  and  Sindh  in  1812.  In  1823  it  was 
discovered  that  plague  existed  in  the  districts  of  Garhival  and  Kumaon,  but  no 
one  has  been  able  to  determine  .from  whence  it  came,  or  how  long  it  had  existed 
in  those  places.  It  is  now  said  to  be  endemic  there,  and  to  form  the  focus  for 
the  epidemic  of  Delhi  in  1825,  and  Rohilcund  in  1836.  In  1 8 36  plague  broke  out 
in  Rajputana — the  so-called  Pali  Plague,  from  the  place  first  infected — and 
lasted  two  years.  Since  then  plague  has  been  introduced  into  India  from  China, 
and  has  spread  therein,  as  will  be  explained  later.  With  regard  to  China,  it  is 
difficult  to  obtain  any  exact  information,  but  it  is  possible  that  plague  may 
have  been  introduced  at  some  time  by  Mohammedans  returning  from  Mecca 
via  Burmah  to  the  province  of  Yunnan,  where,  according  to  Minakata,  it 
was  known  some  time  between  1736  and  1809,  for  a  Chinese  author  who  lived 
during  this  period  gives  an  account  of  a  disease  which  caused  death  in  men 
and  rats.  From  that  time  plague  has  been  endemic  in  Yunnan,  from  which  it 
appears  to  have  spread  southwards,  reaching  Pakhoi,  on  the  southern  coast, 
about  1867,  where  it  disappears  and  reappears  at  intervals  without  apparently 
ajSecting  other  regions,  until  1894,  when,  after  an  absence  of  ten  years,  it 
again  reappears,  and,  infecting  the  district  of  Kaochao,  sj)reads  via  Canton  to 
Hong-Kong.  In  June,  1894,  -Kitasato  found  the  causative  bacillus  in  cases 
in  Hong-Kong,  and  this  was  confirmed  by  the  independent  discovery  of  the 
same  bacillus  a  little  later  by  Yersin  in  the  same  town.  In  1896  it  spread 
from  China  to  Bombay,  from  which  it  has  gradually  extended  over  the  larger 
portion  of  India,  causing  an  enormous  number  of  deaths. 

In  1897  a  most  important  international  conference  was  held  at  Venice, 
when  protective  measures  were  agreed  to,  and  regulations  framed  to  combat 
the  disease,  based  upon  the  view  that  the  sick  person  and  his  personal  effects 
were  the  chief  source  of  danger,  and  a  quarantine  of  ten  days  from  the  last 
infected  port  was  placed  upon  healthy  ships.  In  1898  the  pandemic  spread 
from  India  to  Madagascar,  and  from  there  to  Lorenzo  Marquez  and  Mauritius. 
In  1899  it  affected  the  Malay  States,  the  Philippine  Islands,  New  Caledonia, 
the  Sandwich  Islands,  Australia,  San  Francisco,  New  York,  Asuncion,  Rosario, 
Buenos  Ajnres,  Rio  de  Janeiro,  Oporto, ,  Lisbon,  and  Alexandria.  In  1900 
it  passed  from  Rosario  to  Cape  Town,  and  also  appeared  in  Glasgow. 

In  1903  a  Second  International  Conference  was  held  in  Paris,  which  issued 
a  series  of  regulations  confirming  those  of  the  Venetian  Conference,  except 
that  the  quarantine  of  ships  was  reduced  to  five  days,  and  that  the  agency  of 
the  rat  in  the  disease  was  clearly  recognized,  and  regulations  for  its  destruction 
framed  Further,  this  Conference  estabhshed  an  International  Sanitary 
Office  in  Paris  for  the  purpose  of  collecting  and  transmitting  sanitary  informa- 
tion to  the  different  countries.  In  1904  Johannesburg  was  attacked,  in  1905 
Persia  and  Russia,  in  1906  Leith,  and  in  1907  Accra,  on  the  Gold  Coast,  m 
which  year  the  disease  was  widespread  throughout  the  world,  occurring  m 
India  Persia,  Arabia,  Egypt,  Tunisia,  Algeria,  West  Africa,  South  Africa, 
East  Africa,  Russia,  Glasgow,  Argentina,  Brazil,  Chili,  Paraguay,  Peru, 
Uruguay,  United  States,  Australia,  New  Zealand,  Japan,  China,  and  Indo- 

Tifrning  to  Africa,  which  has  ahready  been  mentioned  to  have  been  often 
infected  it  is  now  known  to  possess  two  infected  endemic  areas— viz.,  Ben- 
ghazi in  Tripoli,  and  Buddu,  Koki,  and  Nkole,  in  Uganda,  from  the  latter  of 
which  an  epidemic  is  supposed  to  have  spread  into  the  Kissiba  district  of 

^^SMh"  a  pandem'ic  as  the  one  just  described  could  hardly  exist  without 
numerous  careful  inquiries  into  its  causation  and  prevention,  for  Governments 
were  interested  in  its  prevention.  Therefore  Austrian,  German,  and  Russian 
were  inxeic= „^„;„+^^     ^„a   ma   »^,-fillfin+  work.     In   1808  the  first 
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Plague  Commission  of  India  was  appointed,  and  was  followed  by  an  Advisory 
Committee  of  the  India  Office,  Royal  Society,  and  Lister  Institute,  appointed 
in  1904,  and,  finally,  in  conjunction  with  this  Committee,  the  Second  India 
Commission  was  appointed  in  1907,  and  has  done  excellent  work  m  tracing 
the  aetiology  to  the  rat-flea. 

In  the  meanwhile  individual  observers  had  also  studied  the  disease— 
e.g.,  Lustig  of  Florence,  and  Haffkine  of  India,  had  brought  forward  protective 
vaccines,  while  Verybitski,  of  St.  Petersburg,  showed,  in  1904,  the  importance 
of  the  flea  as  a  cause  of  the  disease. 

C  limatology. — At  the  present  moment  the  so-called  endemic  regions 
are  an  area  in  the  Kurdistan  Hills,  with  a  secondary  area  in  Irak, 
in  Mesopotamia;  another  area  about  the  Himalayas — i.e.,  Kumaon 
and  Gurwhal,  in  India,  Thibet  and  Yunnan,  in  China — and  four 
lesser  areas — viz.,  Benghazi,  in  Tripoli,  Uganda,  in  Central  Africa, 
Azeer,  in  Arabia,  and  the  trans-Baikal  Province  of  Siberia — but  only 
the  first  two  are  of  real  importance  as  far  as  we  know.  On  the 
strength  of  these  two  different  regions  an  attempt  has  been  made 
to  differentiate  two  distinct  types  of  the  disease  :  the  first,  the 
Western  Asiatic,  being  mild,  and  pneumonic  cases  rare,  while  it  is 
often  self-limited,  not  capable  of  wide  distribution,  and  not 
associated  with  an  epizootic  in  rats ;  the  second  is  the  Indo- 
Chinese  plague,  or  the  disease,  as  it  is  known  to-day.  It  seems, 
however,  hardly  likely  that  such  a  distinction  will  be  supported  when 
the  disease  in  the  first  area  is  carefully  studied.  Climate  appears 
to  have  but  little  influence  on  the  distribution  of  the  disease,  and 
soil  apparently  none.  The  hot  season  of  the  tropics  and  the  winter 
season  of  the  Temperate  Zone  are  deleterious  to  the  spread  of  the 
disease.  The  reason  for  this  appears  to  be  the  effect  of  temperature 
on  the  bacilli  in  the  flea,  which  disappear  rapidly  from  its  stomach 
above  85°  F.,  and  are  very  ineffectual  at  that  temperature,  while 
at  70°  F.  they  are  virulent.  Moreover,  as  has  already  been  stated 
in  the  chapter  on  Fleas,  high  temperatures  restrain  the  adults  from 
laying  eggs  and  the  larvae  from  developing. 

When  temperatures  below  50°  F.  are  reached,  it  is  found  that  rats 
die  before  the  bacilli  pass  into  the  blood,  and  therefore  the  fleas  do 
not  become  infected  when  sucking  the  blood.  A  temperature  of 
70°  F.  is  therefore  best  for  the  propagation  of  an  epidemic. 

etiology. — ^The  aetiology  of  plague  has  been  placed  on  a  sure 
footing  by  the  labours  of  Kitasato,  Yersin,  Thompson,  Ogata,  KoUe, 
Martini,  and  the  Special  Committee  already  mentioned,  together 
with  the  Second  Indian  Commission. 

It  is  caused  by  the  Bacillus  pestis  of  Kitasato  and  Yersin,  which 
is  found  in  the  fluid  of  the  initial  cutaneous  vesicle,  the  buboes,  the 
spleen,  the  blood,  and  the  sputum  in  cases  of  pneumonia.  When 
inoculated  into  monkeys,  cats,  rats,  guinea-pigs,  squirrels,  mon- 
booses,  bats,  jerboas,  etc.,  it  causes  the  typical  disease,  while  in 
govines  and  equines  it  only  causes  local  reactions.  Canines,  birds, 
and  reptiles  appear  to  be  immune.  It  causes  a  natural  epizootic  in 
rats,  which  apparently  is  the  true  disease,  from  which  that  of  man 
must  be  looked  upon  as  an  offshoot.     In  rats  it  produces  either  an 
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acute  or  a  chronic  attack,  the  post-mortem  appearances  of  which 
are  different. 

In  the  acute  type  a  bubo  is  found  in  85  per  cent,  of  infected  rats, 
being  present  usually  in  the  neck  or  axilla.  If  the  bubo  is  absent, 
a  plague  rat  can  be  recognized  by  the  subcutaneous  congestion,  the 
purphsh-red  appearance  of  the  muscles,  the  waxy,  mottled,  or 
finely  granular  appearance  of  the  liver,  the  haemorrhages,  and  the 
pleural  effusions.  The  diagnosis  can  be  confirmed  by  finding  the 
bacilli  in  the  bubo,  the  spleen,  or  the  blood. 

The  chronic  type  of  the  disease  consists  of  encapsuled  caseous 
foci,  or  abscesses  containing  bacilli,  and  found  in  the  spleen  and 
other  orga.ns. ,   This  form  plays  no  part  in  the  spread  of  the  disease. 

The  epizootic  does  not  continue  with  equal  virulence  all  the 
year  round,  for  it  appears  to  be  profoundly  altered  by  the  tempera- 
ture being  diminished  in  the  hot  weather  of  the  tropics  and  the  cold 
weather  of  the  Temperate  Zone.  Thus  in  Bombay  the  Plague 
Commission  found  1,766  plague-infected  rats  in  one  week  in  the 
season  December  to  May,  and  only  20  to  30  in  the  season  June 
to  November.     The  cause  of  this  variation  has  already  been  given. 

But  all  rats  are  not  equally  infected,  for  it  was  found  in  Bombay 
that  there  were  two  principal  species,  Mus  nonegicus  and  M.  rattus, 
and  that  during  the  epizootic  period  no  less  than  1,334  of  the  1,766 
belonged  to  the  former  species,  while  in  the  non-epizootic  period 
it  alone  carried  on  the  disease.  The  reason  assigned  for  this  differ- 
ence was  that  the  numbers  of  the  flea  population  of  the  two  rats 
were  very  different,  M.  norvegicus  possessing  about  double  the 
number  of  M.  rattus.  Further,  it  was  noticed  that  the  curve  of 
M.  norvegicus  infection  began  to  rise  about  ten  days  before  that 
of  M.  rattus,  which  points  to  the  origin  of  the  infection  of  the  latter 
from  the  former  in  the  first  instance. 

M.  norvegicus,  which  is  not  nearly  so  numerous  in  Bombay  as 
M.  rattus,  lives  outside  houses,  for  the  most  part  in  sewers,  drains, 
and  stables,  and  has  a  great  facility  for  burrowing,  and  is  a  good 
climber.  It,  however,  has  never  been  found  above  the  third  floor 
of  a  house.  It  forms  its  nest  in  one  of  its  burrows,  and  breeds  all  the 
year  round,  but  has  two  special  seasons,  one  in  March,  and  one 
from  June  to  October,  the  average  family  being  eight. 

Mus  rattus  -is  more  common  in  Bombay  than  M.  norvegicus, 
especially  in  houses,  where  it  increases  relatively  to  the  other  up  to 
the  third  floor,  but  above  that  level  it  alone  infects  the  house.  It 
is  not  so  common  in  gullies,  compounds,  stables,  go-downs,  and  food 
and  tea  shops  as  M.  norvegicus.  The  common  meeting-ground  of 
the  two  species  appears  to  be  the  lower  floors  of  houses,  gullies,  and 
go-downs.  Though  a  domesticated  rat,  it  can  climb  and  burrow. 
It  forms  its  nest  in  cupboards,  heaps  of  firewood,  etc.,  and  breeds 
all  the  year  round,  but  especially  from  June  to  October,  the  average 
family  being  five. 

The  spread  of  the  plague  from  M.  norvegicus  to  M.  rattus,  accord- 
ing to  the  experiments  of  the  Commission,  is  neither  by  direct  con- 
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tact,  nor  by  air,  soil,  or  food,  but  solely  by  the  flea.  Contact  was 
excluded  by  placing  healthy  rats  in  the  same  room  with  plague- 
infected  animals  from  which  the  fleas  had  been  removed,  when  it 
was  found  that  none  of  them  developed  plague.  The  experiment 
was  kept  up  for  a  long  time,  replacing  dead  infected  rats  with 
freshly  infected  rats,  and,  further,  the  room  was  never  cleaned  out, 
so  that  the  healthy  animals  lived  in  contact  with  the  infected 
urine  and  faeces,  and  even  ate  food  polluted  therewith,  and  yet  not 
one  contracted  plague,  thus  excluding  transmission  by  contact,  soil, 
and  food. 

Again,  when  healthy  animals  were  suspended  in  cages  2  feet 
from  the  ground,  so  that  the  fleas  could  not  get  to  them,  or  placed 
on  the  ground,  and  surrounded  by  6  inches  of  tangle-foot,  over 
which  a  flea  cannot  pass,  as  it  is  said  to  be  incapable  of  jumping 
more  than  4  inches,  or  surrounded  by  a  curtain  of  wire  gauze  so 
fine  that  a  flea  could  not  penetrate  it,  and  exposed  to  infection, 
they  escaped,  though  others  not  so  protected  became  infected,  thus 
disproving  aerial  infection.  Further,  the  transmission  by  the  rat- 
flea  was  proved  by  constructing  a  glass  box,  inside  which  two  wire 
cages  were  placed  at  a  little  distance,  but  side  by  side,  each  standing 
in  a  tray  filled  with  sand.  Each  cage  had  a  lid,  through  which  rats, 
food,  water,  etc.,  could  be  introduced,  and  the  whole  apparatus 
was  covered  in  with  fine  muslin  to  prevent  the  escape  of  the  fleas. 
A  plague-infected  rat  and  a  number  of  rat-fleas  were  placed  in  one 
cage.  When  this  rat  died,  a  healthy  rat  was  placed  in  the  other 
cage,  and  after  some  time  the  dead  body  of  the  infected  rat  was 
removed,  when  it  was  found  that  the  new  rat  became  infected  with 
plague,  and  fleas  containing  plague  bacilli  ^^ere  found  upon  it. 
This  experiment  was  repeated  many  times,  45  per  cent,  of  the 
exposed  rats  taking  the  disease.  Further,  fleas  infected  by  biting 
plague  rats  when  placed  upon  healthy  rats  produced  the  disease  in 
55  per  cent,  of  the  experiments. 

The  Commission  calculated  that  the  blood  of  an  ordinary  plague- 
rat  in  two-thirds  of  the  cases  contain  more  than  100,000,000  bacUli 
per  cubic  centimetre,  and  that  a  flea's  stomach  could  hold  0-5  cubic 
millimetre  of  blood.  Therefore  when  the  flea  gorged  itself  on  the 
average  plague-stricken  rat  it  received  at  least  5,000  bacilli.  These 
bacilli  are  found  only  in  the  stomach  and  in  the  alimentary  canal 
posterior  to  that  viscus,  especially  the  rectum,  and  escape  from  the 
flea  solely  with  the  fjeces.  It  was  proved,  however,  that  the  bacilli 
multiplied  in  the  body  of  the  flea  by  allowing  infected  fleas  to  feed 
solely  on  uninfected  rats,  a  fresh  one  being  supplied  each  day,  when 
abundant  bacilh  were  found  up  to  the  twelfth,  and  once  to  the 
twentieth  day,  thus  proving  that  multiplication  must  have  taken 
place,  otherwise  the  original  number  of  bacilli  would  have  become 
much  diluted  by  the  feeds  with  fresh  blood.  Further,  it  was  dis- 
covered that  the  proportion  of  fleas  in  whose  stomach  multiplication 
took  place  was  six  times  greater  in  the  epidemic  than  in  the  non- 
epidemic  season.     In  the  former  season  the  bacilli  could  be  found 
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easily  up  to  the  fourth  and  even  to  the  twelfth  day,  while  in  the 
latter  never  after  the  seventh  day.  Infected  fleas  were  found  to 
transmit  the  disease  for  seven  to  fifteen  days. 

The  method  of  infection  probably  is  in  one  of  two  ways,  either 
fsecal  pollution  of  the  proboscis,  or  else  faecal  pollution  of  the  wound 
made  by  the  proboscis,  which  was  found  quite  large  enough  for  the 
purpose  of  introducing  the  bacilli  into  the  skin.  Both  males  and 
females  can  transmit  the  disease,  but  it  was  found  that  one  infected 
flea  alone  was  unlikely  to  do  so.  The  flea  most  commonly  found 
on  rats,  and  the  one  by  which  the  infection  in  these  experiments 
was  usually  spread,  was  Leomopsylla  cheopis,  but  others — e.g., 
Ceratophyllus  fasciatus  and  Pulex  irritans — were  found  also  capable 
of  causing  the  disease. 

With  regard  to  the  spread  of  the  disease  to  man,  the  Commission 
believes  that  the  infection  generally  comes  from  Mus  rattus,  because 
the  habits  of  that  rodent  bring  it  into  close  relationship  with  man, 
and  because  the  curve  of  its  epizootic  begins  to  rise  ten  to  fourteen 
days  before  that  of  the  epidemic.  This  period  is  calculated  to  be 
made  up  of  three  days,  during  which  the  flea  leaves  the  dead  rat, 
to  which  is  added  another  three  days,  which  is  the  incubation  period 
of  plague  in  man,  and  five  and  a  half  days,  which  is  the  average 
duration  of  the  fatal  illness  in  man. 

Leomopsylla  cheopis  appears  to  be  the  flea  by  which  plague  is 
spread  from  Mus  rattus  to  man.  This  rat-flea  will  not  merely  bite 
man  when  it  cannot  get  rat's  blood,  but  is  capable  of  living  for 
three  to  four  weeks  on  man's  blood,  and  is  often  found  on  human 
beings  after  inspection  of  plague-stricken  houses. 

Further,  it  is  believed  that  the  spread  of  plague  is  due,  not  to 
migration  of  rats,  but  to  the  carriage  of  infected  rats  on  ships,  and 
of  fleas  in  merchandise  or  on  human  beings.  The  Commission 
apparently  consider  the  last  to  be  the  most  important  method. 

Pneumonic  plague,  which  occurs  only  in  2-5  per  cent,  of  cases, 
does  spread  from  man  to  man  by  bacilli  carried  by  the  air,  but  the 
bubonic  or  septicaemic  is  not  spread  from  man  to  man,  but  from 
rats  to  man.  The  epizootic  is  the  real  disease,  and  the  epidemic  is 
only  an  offshoot. 

The  above  aetiology  explains  fully  the  predisposing  causes  of  sex, 
women  staying  more  in  the  house  than  men  ;  of  house,  of  season,  of 
climate,  and  also  the  carriage  of  the  disease  from  one  place  to 
another  by  people,  fodder,  grain,  bales  of  cotton  and  clothing, 

rags,  etc. 

Pathology. — Plague  is  a  haemorrhagic  septicaemia  m  the  rat,  which 
is  communicated  to  the  human  being  by  flea-bites.  The  site  of 
inoculation  is  sometimes  marked  by  a  vesicle,  the  contents  of  which 
contain  the  Bacillus  pestis  in  considerable  numbers.  The  bacilli 
then  travel  via  the  lymphatics  to  the  nearest  lymphatic  glands, 
which  they  may  traverse,  and,  passing  through  the  thoracic  duct, 
enter  the  blood-stream,  and  cause  a  septicaemia.  More  usually  they 
remain  and  erow  in  the  peripheral  lymph  sinus  of  those  glands  m 
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which  they  or  their  toxins  cause  degenerations  of  the  cells,  peri- 
glandular serous  infiltration,  and,  later,  degeneration  of  the  walls 
of  the  bloodvessels  and  haemorrhage.  The  lymphatic  glands  are 
matted  together  by  the  exudation  from  the  primary  bubo.  The 
glands  usually  affected  are  the  femoral,  inguinal,  axillary,  iliac,  or 
cervical,  which  may  briefly  be  classified  into  the  groin,  the  axillary, 
and  cervical  glands. 

The  recent  Indian  Commission  points  out  that  the  reason  why 
the  groin  glands  are  so  frequently  attacked  is  simply  because  they 
drain  the  largest  skin  area,  for  they  say  that  the  areas  drained  by 
the  glands  of  the.  neck,  axilla,  and  groin  are  in  the  proportions  of 
I  :  1-8  :  5,  while  the  number  of  cervical,  axillary,  and  inguinal  buboes 
are  in  the  proportions  of  i  :  i'3  :  58,  and  that  therefore  there  is  no 
seat  of  election  as  to  where  the  plague  bacillus  enters. 

From  the  primary  bubo  the  bacilli  may  travel  along  the  lymphatics 
to  the  next  chain  of  glands,  in  which  they  produce  the  secondary 
bubo,  and  from  this  they  may  enter  the  blood-stream  via  the 
lymphatics.  The  bacilli,  however,  may  gain  direct  access  to  the 
blood-stream  through  the  injuries  to  the  walls  of  the  veins  in  the 
primary  bubo.  Once  the  blood-stream  is  reached  the  disease 
becomes  a  septicaemia,  and  affects  the  lymphatic  glands,  forming 
tertiary  buboes ;  the  lungs,  causing  bronchitis  and  secondary 
pneumonia  ;  the  spleen,  liver,  kidneys,  skin,  and  other  organs  ;  and, 
finally,  leaves  the  body  through  the  kidneys,  skin,  and  mucosae, 
escaping  in  the  urine,  faeces,  and  sputum  (if  there  is  pneumonia),  as 
well  as '  by  any  discharges  or  haemorrhages  from  the  skin.  The 
excretion,  via  the  sputum  and  saliva,  can  proceed  for  a  period  of  at 
least  forty-eight  days  after  the  temperature  is  normal.  Further, 
as  in  chronic  plague  in  rats,  the  bacilli  may  be  fotmd  in  abscesses 
some  two  and  a  half  months  after  an  attack.  The  chemical 
pathology  of  the  disease  is  not  well  known. 

Morbid  Anatomy. — The  characteristic  features  of  a  plague  post- 
mortem are  the  haemorrhages  and  the  buboes,  which  have  recently 
been  studied  in  detail  by  Diirck.  The  skin  in  the  region  of 
buboes  and  on  the  head,  arms,  neck,  and  shoulders  may  show 
haemorrhages,  which  arise  from  the  action  of  the  toxins  upon  the 
endothelial  cells  of  the  vessels.  These  cells  increase  in  size,  and 
perhaps  in  number,  and  some  macrophages  arise,  after  which  they 
degenerate,  and  allow  hjemorrhage  by  rhexis  to  take  place.  These 
haemorrhages  therefore  may  be  petechial  or  diffuse,  and  will  contain 
bacilli.  Besides  these,  however,  vesicles,  pustules,  or  carbuncles 
may  be  seen. 

The  vesicle  arises  from  the  irritation  caused  by  the  bacilli  in  the 
skin,  producing  inflammation  with  exudation,  which  may  go  on  to 
pustulation,  or,  the  vesicle  drying  up,  the  cutis  may  become  much 
inflamed  and  degenerated,  forming  the  so-called  carbuncle,  which 
in  no  respect  resembles  a  true  carbuncle. 

The  primary  bubo  shows  a  periglandular  infiltration,  which  may 
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this  gelatinous  exudate  is  cut  into,  the  enlarged  glands  can  be  seen 
matted  together,  grey  or  yellowish-grey  in  colour,  \yith  a  soft  centre 
and  numerous  hsemorrhagic  spots,  or  perhaps  large  haemorrhages. 
The  secondary  buboes  are  seen  to  consist  of  degenerated  glands 
without  the  oedema,  but  with  endo-  and  periglandular  haemorrhages. 
The  tertiary  buboes  contain  hard  hypersemic  glands  marked  by 
haemorrhages. 

The  muscles  of  the  body,  but  especially  those  of  the  abdominal 
wall,  will  be  seen  to  be  heemorrhagic.  The  spleen  is  enlarged  and 
congested,  and  shows  haemorrhages,  and  contains  bacilli.  The  liver 
may  be  slightly  enlarged  and  haemorrhagic,  with  cloudy  swelling,  and 
fatty  degeneration  of  the  cells.  The  lungs  usually  show  some 
bronchitis,  and  often  patches  of  secondary  broncho-pneumonia. 
The  right  heart  is  usually  dilated,  and  the  musculature  shows  fatty 
degeneration,  cloudy  swelling,  and  haemorrhage.  Primary  broncho- 
pneumonia may,  however,  exist,  and  be  followed  by  a  septicaemia 
and  bubo  formation.  The  stomach  is  hyperaemic  and  haemorrhagic, 
while  the  solitary  glands  and  Peyer's  patches  of  the  intestine  are 
swollen,  and  the  mesenteric  glands  enlarged.  The  kidney  may  be 
normal,  or  show  haemorrhages.  The  nervous  system  seldom  shows 
any  changes,  but  haemorrhages  and  meningitis  may  occur. 

Symptomatology. — ^The  incubation  period  varies  from  two  to  ten 
days,  the  average  being  three  days.  During  this  period  there  may 
be  prodromal  symptoms  in  the  form  of  general  malaise,  head- 
ache, gastro-intestinal  disturbance,  pain,  or  feeling  of  discomfort 
in  the  site  of  the  future  bubo,  chilliness,  giddiness,  and  mental 
dulness. 

The  onset  is  usually  sudden,  with  rise  of  the  temperature  to 
103°  F.  to  104°  F.,  pulse  of  120,  and  respirations  30  to  40,  and 
marked  prostration,  with  an  aggravation  of  the  prodromal  symp- 
toms—i.e.,  severe  headache,  furred  tongue,  vomiting,  diarrhoea, 
pains  in  th^  back  and  limbs  and  at  the  site  of  the  future  bubo, 
marked  chilliness  or  a  rigor,  staggering  gait,  and  marked  mental 
dulness. 

In  a  few  hours  the  disease  becomes  properly  established,  when 
the  patient  presents  a  typical  facial  expression  of  fear  or  anxiety, 
the  eyes  being  bloodshot,  bright,  and  staring,  the  face  drawn,  and 
the  nostrils  dilated.  The  temperature  rises  during  the  first  day, 
but  may  remit  a  degree  or  so  on  the  second  day,  but  if  so,  it  rises 
quickly  again  to  the  same  or  a  higher  degree  than  at  first.  As  a 
rule,  however,  the  temperature  is  most  irregular.  Towards  the  end 
it  may  fall  by  lysis,  if  recovery  is  to  take  place,  or  fall  rapidly  to 
normal  or  subnormal,  and  then  as  rapidly  rise  to  about  107°  F.,  or 
may  simply  rise  directly  to  about  107°  F.,  and  death  ensue.  There 
is  much  thirst,  and  the  tongue  is  coated  at  first  with  a  whitish  fur, 
but  later  it  becomes  covered  with  sordes,  as  do  the  teeth  and  lips. 
Vomiting  is  frequently  met  with,  as  well  as  diarrhoea  ;  but  the 
abdomen  is  not  tender,  unless  there  are  enlarged  abdominal  glands. 
TKo  =r.lppn  1«  alwavs.  and  the  liver  often,  enlarged.     Cardiac  dilata- 


786  PLAGUE 

tion  is  an  important  feature  of  the  disease,  and  systolic  murmurs 
may  be  heard.  The  pulse  is  rapid,  reaching  120  to  180  early  in  the 
disease,  and  later  becoming,  in  bad  cases,  not  countable.  At  first 
it  is  full  and  of  moderate  tension,  but  later  it  becomes  small,  weak, 
and  intermittent. 

The  coagulation  of  the  blood  is  diminished.  Plague  bacilli  can 
be  found  culturally  in  about  a  third  of  the  cases  examined.  The 
number  of  erythrocytes  and  the  amount  of  hemoglobin  are  distinctly 
increased  above  the  normal,  and  there  is  a  great  leucocytosis — i.e., 
90,000  to  100,000  and  more — but  in  the  septicaemic  form  there 
may  be  a  leucopsenia.  The  leucocytosis  is  almost  entirely  due  to 
an  increase  in  the  polymorphonuclear  leucocytes. 

The  breathing  is  rapid,  and  the  breath  sounds  harsh,  with  moist 
rales,  but  signs  of  lobular  pneumonia  and  pleuritis  may  also  occur. 
The  sputum  in  this  type  of  pneumonia  is  very  hasmorrhagic  and  full 
of  bacilli. 

Buboes  of  varying  sizes  may  be  noted  in  the  groin,  the  axilla,  or 
the  neck,  and  are  very  painful,  respectively  causing  the  patient  to 
lie  with  the  leg  drawn  up  close  to  the  chest  wall,  or  the  head  bent 
towards  the  affected  side.  They  usually  appear  during  the  first 
twenty-four  hours,  and  they  may  decline  or  suppurate. 

The  skin  is  hot  and  dry,  and  may  show  vesicles,  pustules,  or  areas 
of  necrosis,  often  called  '  carbuncles  '  (they  are,  of  course,  not  true 
carbuncles).  Haemorrhages,  in  the  form  of  petechise  or  ecchymoses, 
may  be  seen  under  the  skin,  and  epistaxis,  hsematemesis,  melsena, 
and  haematuria  may  occur. 

The  quantity  of  urine  is  usually  diminished,  and  the  specific 
gravity  is  high,  and  plague  bacilli  may  be  found.  If  haemorrhages 
have  occurred  in  the  urinary  tract,  there  will  be  erythrocytes  and 
leucocytes,  with  albumin  and  globulin,  though,  apart  from  this, 
there  is  often  a  trace  of  albumin  present,  while  anuria  is  generally 
present  before  death.     Pregnant  women  always  abort. . 

As  the  disease  progresses  the  patient  becomes  weaker  and  weaker, 
the  mind  wanders,  and  a  wild  delirium  may  occur ;  but  later  a  low 
muttering  delirium  passes  into  coma,  and  death  ensues  from  the 
third  to  the  fifth  day.  In  favourable  cases  the  tongue  becomes 
moist  and  clean,  the  temperature  declines  by  lysis,  the  pulse- 
rate  diminishes,  and  convalescence  begins,  but  may  be  much  pro- 
longed by  suppuration  of  the  buboes  or  a  secondary  septicaemia. 
Even  now  death  may  occur  from  cardiac  failure,  suppuration, 
septic  infection,  or  secondary  haemorrhage. 

Varieties. — Four  variations  of  the  disease  are  recognized  :  (i)  The 
ambulatory  type  ;  (2)  the  bubonic  type  ;  (3)  the  septicsemic  type  ; 
and  (4)  the  pneumonic  type. 

The  Ambulatory  Type. — ^This  is  the  mildest  form  of  the  disease, 
and  is  characterized  by  but  little  fever,  with  slight  enlargement  and 
tenderness  of  a  group  of  lymphatic  glands.  If  the  area  of  skin 
drained  by  these  glands  is  carefully  investigated,  a  primary  vesicle 
will  often  be  seen  at  the  site  of  the  inoculation,  and  considerably 
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helps  in  the  diagnosis,  for  its  iiuid  contains  typical  bacilli.  The 
symptoms  of  this  type  resemble  those  already  described  as 
prodromata. 

The  Bubonic  Type. — ^This  type  agrees  with  the  general  description, 
the  bubo  being  usually  in  the  groin,  less  commonly  in  the  axilla,  and 
least  commonly  in  the  neck.  The  fever  reaches  its  maximum  on 
the  fourth  to  fifth  day,  and  lasts  till  the  seventh  to  tenth  day,  when 
it  falls  by  lysis,  though  it  may  rise  again  if  suppuration  is  taking 
place  in  the  buboes.  The  attitude  of  the  patient  depends  upon  the 
position  of  the  bubo,  as  described  above. 

The  Septiccemic  Type. — Here  the  onset  is  sudden,  and  the  tem- 
perature high,  with  very  rapid  pulse,  marked  prostration,  and 
delirium.  Vomiting  is  severe,  and  diarrhoea,  with  motions  mixed 
with  blood,  not  uncommon.  Haemorrhages  occur  in  the  skin  and 
from  the  regions  indicated  above,  and  death  rapidly  takes  place  in 
from  eighteen  hours  to  three  days. 

The  Pneumonic  Type. — There  are  two  distinct  types  of  pneumonia 
in  plague — a  pneumonia  secondary  to  bubonic  plague  and  a  primary 
pneumonia.  This  latter  begins  without  prodromata  and  with  high 
fever,  which  continues  in  a  very  irregular  manner.  The  breathing 
is  very  rapid,  and  dulness  may  or  may  not  be  present  over  the  bases  ; 
the  breath  sounds  are  usually  tubular  and  crepitant,  and  sibilant 
rales  are  heard,  while  the  vocal  fremitus  is  increased.  Dyspnoea 
and  cyanosis  are  early  marked  features,  as  is  the  fluid  bloody  sputum 
which  is  found  by  the  second  or  third  day,  and  is  full  of  bacilli. 
Pleuritis,  with  its  usual  symptoms,  may  also  occur.  Prostration 
is  extreme  ;  the  heart  becomes  very  weak  and  the  pulse  rapid,  while 
the  spleen  enlarges  quickly.  This  is  a  very  fatal  type  of  the  disease, 
death  occurring  about  the  second  to  the  fifth  day. 

Sequelae. — Cardiac  weakness,  with  proneness  to  syncopal  attacks, 
paralyses,  septic  infections  of  the  buboes,  or  a  general  septic  infec- 
tion, or  gangrene  of  the  lung,  may  occur. 

Diagnosis. — Difficulty  may  arise  in  the  diagnosis  between  the 
bubonic  type  of  plague  and  climatic,  venereal,  and  symptomatic 
buboes ;  between  pneumonic  plague  and  ordinary  pneumonia ;  and 
between  septicsemic  plague  and  various  fevers. 

In  venereal  bubo  there  will  be  found  ulcers  on  the  genital  organs, 
or,  at  least,  the  patient  will  give  a  history  of  such.  In  climatic  buboes 
and  various  symptomatic  buboes  due  to  small  ulcerative  lesions  on 
the  legs,  etc.,  the  general  condition  of  the  patient  is  usually  far  from 
being  so  grave  as  in  plague.  In  any  doubtful  case  bacteriological 
methods  should  be  employed.  A  little  of  the  fluid  from  the  sus- 
pected bubo  is  withdrawn,  under  aseptic  precautions,  by  means  of  a 
sterile  syringe,  and  films  are  made  and  stained  with  methylene  blue, 
diluted  carbol-fuchsin,  or  Leishman's  stain.  The  presence  of 
bipolar-staining  bacilli  is  sufficient,  for  all  practical  purposes,  to 
consider  the  case  one  of  plague,  though  it  is  desirable,  whenever 
possible,  to  complete  the  investigation  by  cultural  methods. 

In  pneumonic  plague  the  expectoration  is  generally  fluid  and 
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greatly  hsemorrhagic ;  the  examination  of  the  sputum*  will  reveal 
the  presence  of  numerous  plague  bacilli,  easily  distinguishable  firom 
th'e  pneumococcus  by  their  being  Gram-negative. 

Septicemic  plague  may  be  distinguished  from  malaria  by  the 
absence  of  Laveran's  parasites,  from  relapsing  fever  by  the  absence 
of  spirochaetes,  but  it  is  to  be  noted  that  cases  of  mixed  infection 
occur.  In  India,  as  observed  by  Polverini  and  others,  cases  of  mixed 
infection  of  plague  and  relapsing  fever  are  not  rare.  The  diagnosis 
between  septicsemic  plague  and  cryptogenic  septicaemias  due  tp 
the  pneumococcus  and  other  germs,  as  well  as  occasionally  the 
differential  diagnosis  from  typhus  and  typhoid,  may  be  impossible 
without  a  complete  bacteriological  examination  of  the  blood. 

The  simple  microscopical  examination  of  thick  films  of  blood  (Manson-Ross 
method)  for  the  presence  of  bipolar-staining  bacilli  is  often  a  failure.  The 
so-called  dilution  method  introduced  by  Castellani  for  the  search  of  the  Bacillus 
typhosus  in  the  blood  of  typhoid  patients  is  useful  also  for  the  search  of  the 
plague  bacillus,  as  proved  by  KoUe  and  others  :  lo  c.c.  of  blood  are  collected, 
under  aseptic  precautions,  with  a  sterile  syringe  from  a  vein,  and  immediately 
distributed  in  several  flasks  of  alkaline  broth,  each  containing  300  cubic  centi- 
metres of  the  medium.  In  this  way  the  bactericidal  substances  of  the  blood 
are  greatly  diluted,  and  the  growth  of  the  plague  bacillus  facilitated.  Aggluti- 
nation tests  are  not  of  much  use  in  the  diagnosis  of  plague. 

Prognosis. — Simpson  quotes  Procopius  of  Cassarea  as  saying, 
with  regard  to  the  plague  in  Byzantium,  that  many  whose  death 
the  physicians  predicted  recovered,  while  those  who  were  supposed 
to  be  about  to  recover  often  quickly  died,  from  which  it  may  be 
inferred  that  the  prognosis  in  cases  of  plague  has  to  be  most  guarded, 
for  dangers  are  numerous  even  in  convalescence — e.g.,  cardiac 
failure. 

The  prognosis  varies  with  the  character  of  the  epidemic,  some 
being  milder  than  others,  and  is  better  when  the  number  of  cases 
is  declining.  It  also  varies  for  the  type  of  the  disease,  being  best 
for  the  ambulatory  and  worst  for  the  pneumonic.  As  75  per  cent, 
of  the  deaths  occur  before  the  sixth  day,  after  that  time  the  prognosis 
improves. 

A  good  pulse,  a  clear  mind,  a  normal  quantity  of  chlorides  and 
no  albumin  in  the  urine,  are  good  signs.  High  fever,  rapid, 
thready  pulse,  violent  delirium,  sudden  fall  in  the  temperature, 
disappearance  of  the  bubx)es  on  the  fourth  or  fifth  day,  and  anuria, 
are  bad  signs.  But  in  all  cases  be  cautious  about  the  prognosis,  and 
remember  the  physicians  of  Byzantium. 

Treatment. — ^The  treatment  should  aim  at  killing  the  bacUlus  and 
neutrahzing  its  toxins,  and  naturally  one  hopes  to  find  those 
requirements  supplied  by  sera.  Unfortunately  no  such  serum  has 
as  yet  been  found,  though  encouraging  reports  have  been  recorded 
by  Choksy  and  Polverini  concerning  Yersin's  and  Lustig's  sera,  and 
by  others  concerning  Cruz's  serum. 

Yersin's  serum  is  prepared  by  the  inoculation  of  horses  with 

*  Instead  of  the  sputum,  the  lung  juice,  obtained  by  puncture  with  a 
sterile  syringe,  may  be  examined. 
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fresh  agar  cultures,  and  is  such  that  o-i  c.c.  should  protect  a  mouse 
Irom  a  dose  of  bacilli,  which  otherwise  would  kill  it  in  two  to  three 
days.  The  dose  for  man  is  60  to  300  c.c,  given  intravenously  and 
also  subcutaneously  near  the  buboes.  Lustig  and  Galeotti's  serum 
IS  prepared  by  injecting  a  horse  with  a  vaccine  which  contains 
nucleo-proteid  from  cultures.  The  mode  of  action  of  these  sera  is 
said  by  some  not  to  be  bactericidal,  but  to  encourage  phagocytosis. 
Though  admitting  that  the  serum  treatment  is  far  from  being 
perfect,  we  advise  its  use  at  the  very  beginning,  as  it  gives  somewhat 
better  results  than  the  ordinary  symptomatic  treatment  or  the 
so-called  antiseptic  treatment,  such  as  the  internal  administration 
of  carbolic  acid. 

As  regards  the  symptomatic  treatment,  the  first  indication  is 
to  keep  the  patient  in  bed,  because  of  the  danger  of  syncope,  and  to 
give  him  good  nursing  and  fresh  air.  Fever  must  be  treated  by 
sponging  and  cold  applications ;  buboes  by  cold  applications  and 
ichthyol,  and  when  they  suppurate  an  incision  must  be  made,  and 
the  wound  treated  aseptically.  Not  much  good  is  to  be  obtained 
by  excising  the  glands  even  in  an  early  stage,  though  several 
authors — e.g.,  Terni — have  recommended  it.  The  heart's  action 
must  be  maintained  by  digitalis,  strophanthus,  and  strychnine. 
Restlessness  may  require  a  hypodermic  of  hyoscin  ;  haemorrhage 
will  require  treatment  by  calcium  chloride;  the  so-called  car- 
buncles must  be  treated  antiseptically ;  pneumonia  and  bron- 
chitis require  the  ordinary  treatment ;  and  if  there  is  constipation, 
calomel  and  a  saline  purge  may  be  given ;  while  vomiting  is  to 
be  treated  as  described  under  Malaria.  A  sufficiency  of  fluid  should 
be  given,  so  as  to  keep  up  the  action  of  the  kidneys. 

The  diet  should  consist  of  broths  and  milk,  while  stimulants  are 
usually  required. 

Prophylaxis. — Bacillus  pestis  being  conveyed  by  the  rat-flea 
from  rats  to  man  as  a  rule,  and  more  rarely  from  man  to'  man,  it  is 
obvious  that  prophylaxis  must  include ,  methods  directed  against 
rats  and  fleas,  and  methods  for  the  protection  of  human  beings. 

The  spread  of  the  disease  from  place  to  place  is  thought  to  be 
mainly  by  the  flea  being  carried  by  human  beings  on  their  person, 
or  in  their  clothing,  or  by  means  of  the  merchandise,  or  by  rats. 

The  prophylaxis  will  be  considered  under  two  headings — Public 
Prophylaxis  and  Personal  Prophylaxis. 

Public  Prophylaxis. — It  is  necessary,  in  order  to  prevent  a 
country  from  being  infected  with  plague,  to  institute  a  Sanitary 
Service,  which  should  consist  of  a  central  authority  for  collecting 
and  dealing  with  information  on  a  large  scale,  and  to  which  will 
be  attached  bacteriologists,  who  will  carry  out  the  necessary 
bacteriological  examinations  and  prepare  prophylactics;  and  a 
Port  Sanitary  Branch,  for  investigating  and  disinfecting  ships. 

It  is  as  well,  if  possible,  to  limit  the  communication  with  infected 
areas  to  as  few  ports  as  possible,  and  to  provide  isolation  hospitals 
for  the  sick,  and  fo2  the  healthy  coming  from  infected  areas.    The 


790  PLAGUE 

length  of  quarantine  is  fixed  at  present  at  five  days,  but  this  appears 
to  be  too  short,  if  the  findings  of  the  Indian  Commission  with  regard 
to  fleas  are  considered. 

Attempts  can  be  made  to  prevent  the  disease  crossing  land 
frontiers  by  the  medical  inspection  of  persons  coming  by  rail,  road, 
or  river,  but  this  method  of  prophylaxis  is  liable  at  any  time  to 
break  down. 

It  would  appear  most  necessary  to  disinfect  the  clothing  and 
persons  of  all  people  coming  from  infected  areas,  as  they  may  carry 
fleas,  and  this  is  most  difficult  to  effect ;  but  it  is  not  so  difficult  to 
disinfect  merchandise  by  Clayton's  apparatus. 

In  addition,  rats  must  be  caught  regularly  in  places  situated  in 
danger  zones,  and  inspected  to  see  if  any  are  becoming  diseased, 
for  the  epizootic  begins  before  the  epidemic. 

But  of  all  things  the  most  difficult,  as  well  as  the  most  important, 
appears  to  be  the  recognition  of  early  cases,  and  pneumonia,  buboes, 
and  sudden  deaths  must  be  regarded  with  the  greatest  suspicion. 

When  an  epidemic  begins,  there  are  two  periods,  as  Simpson 
points  out,  at  which  the  populace  takes  fright,  and  has  to  be  firmly 
handled  :  one  at  the  beginning,  and  the  second  when  the  deaths 
begin  to  increase  rapidly  in  number.  Riots  and  assassinations  of 
magistrates,  medical  ofiicers,  and  inspectors  may  occur,  and  must 
be  foreseen. 

As  diagnosis  is  so  difficult  at  first,  a  house-to-house  inspection 
by  competent  medical  officers  will  be  necessary  to  find  out  the 
number  of  cases,  and  in  no  instance  must  a  body  be  allowed  to  be 
buried  without  being  viewed  by  a  medical  officer.  If  this  is  not 
done,  it  will  be  impossible  to  gauge  the  extent  of  the  disease. 

Rats  must,  of  course,  be  regularly  and  systematically  examined, 
and  their  mortality  curves  constructed.  The  sick  must  be  isolated, 
and  the  persons  and  clothing  of  contacts  disinfected  to  kill  the  fleas. 
Every  infected  house  must  be  disinfected  by  filling  the  adjoining 
houses  with  the  gas  from  Clayton's  apparatus,  and  after  this  the 
house  itself.  If  this  method  is  not  carried  out,  the  rats  will  simply 
pass  from  the  infected  to  the  non-infected  houses,  and  spread  the 
plague.  Village  houses  might  be  burned,  which  is  cheaper  and  a 
fairly  effective  method,  though,  of  course,  the  rats  will  escape.  The 
gas  in  question  is  generated  by  burning  sulphur  at  a  very  high 
temperature  in  a  special  apparatus,  when  SOg  and  SO3  and  some  un- 
known gases  are  evolved,  which  are  passed  into  the  ship,  house, 
warehouse,  etc.,  and  drawn  through  by  an  exhaust- pipe  until  a 
3  per  cent,  mixture  of  gas  and  air  comes  out,  when  the  exhaust  is 
stopped,  and  gas  passed  in  until  10  to  12  per  cent,  is  reached,  at 
which  it  is  allowed  to  remain  for  four  hours.  This  gas  kills  rats, 
rat-fleas,  and  other  insects,  and  plague  bacilli,  and  if  dry,  will  not 
injure  food-stuffs,  except  fruit  and  some  vegetables,  nor  will  it 
harm  merchandise  or  machinery.  A  mixture  of  equal  parts  of 
cyllin  and  petrol  constitutes  a  reliable  pulicide  and  bactericide. 

Rats  may  also  be  killed  by  means  of  Danysz's  virus,  which  is  a 
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bacillus  easily  recognized  from  Bacillus  pestis,  and  kills  the  rat  by  a 
septicaemia,  causing  oedema  of  the  intestinal  walls,  infiltration  of 
Peyer's  patches,  and  enlargement  of  the  spleen,  with  sometimes 
peritonitis,  and  only  then  enlargement  of  the  lymphatic  glands, 
Danysz's  virus  is  administered  by  Simpson's  method  on  bread,  and 
is  said  not  to  affect  human  beings,  though  recently  complaints  of 
illness  of  persons  living  in  places  where  some  sort  of  virus  was  being 
used  has  been  recorded. 

Bannerman  has  recently  strongly  advised  cats  as  a  method  of  rat 
extermination. 

Personal  Prophylaxis. — Ever  since  the  middle  of  the  eighteenth 
century  there  has  been  an  idea  that  a  vaccine  should  be  obtained 
for  the  purpose  of  protecting  the  individual.  Weszpremi  and, 
later,  Samoilowitz  and  Cerutti  tried  artificial  inoculation,  but  the 
results  were  by  no  means  satisfactory,  persons  dying  from  plague 
as  the  result  of  the  inoculation.  Recently  a  number  of  vaccines 
have  been  prepared  for  the  purpose  of  personal  prophylaxis,  which 
may  be  classified  into  :  (i)  vaccines  composed  solely  of  the  chemical 
products  of  the  bacilli ;  (2)  vaccines  composed  of  chemical  products 
and  dead  bacilli ;  (3)  vaccines  composed  of  living  attenuated  bacilli. 

Chemical  Vaccines. — In  1897  Lustig  and  Galleotti  prepared  a 
plague  vaccine,  composed  of  the  nucleo-proteids  of  the  bacilli 
obtained  by  shaking  agar  cultures  with  i  per  cent,  caustic 
potash  solution,  and  after  two  hours  adding  0-5  per  cent,  acetic  acid, 
and  thus  obtaining  a  precipitate  of  nucleo-proteids.  It  is  adminis- 
tered by  subcutaneous  or  intramuscular  injections  in  doses  of  from 
a  to  3  milligrammes.  This  method  has  been  adopted  in  La  Plata 
with  success. 

Vaccines  composed  of  Chemical  Products  and  Dead  Bacilli. — ^The 
most  important  is  Haffkine's  plague  prophylactic,  prepared  by 
growing  the  bacillus  for  four  to  six  weeks  in  broth,  and  then 
sterilizing  at  65°  C.  to  70°  C.  for  one  hour,  and  then  decanting  into 
bottles,  with  or  without  the  addition  of  a  little  carbolic  acid.  The 
dose  for  an  adult  man  is  3  c.c,  for  an  adult  woman  2  to  2 J  c.c,  and 
children  in  proportion  to  their  age  (or  size).  The  injection  is  made 
subcutaneously  into  the  arm  or  loin  under  the  strict  antiseptic 
precautions.  Three  or  four  hours  after  inoculation  the  temperature 
rises,  and  in  twelve  hours  reaches  102°  F.  to  103°  F.,  while  tenderness 
and  swelling  may  occur  at  the  site  of  the  inoculation,  and  malaise 
and  general  discomfort  be  felt,  which  disappear  in  one  to  two  days, 
and  the  swelling  in  about  a  week  or  so.  There  is  no  doubt  of  the 
benefit  of  this  prophylactic,  which  gives  protection  for  a  consider- 
able number  of  weeks,  and  perhaps  months.  Haffkme  considers 
that  the  active  principle  lies  in  the  liquid,  but  it  appears  more  likely 
that  it  is  in  the  dead  bacilli. 

■The  German  Plague  Commission  used  a  growth  of  the  bacilli  on 
agar  kiUed  by  heating  to  65°  C,  and  then  suspended  in  normal 
saline  to  which  0-5  per  cent,  carbolic  acid  was  added. 

Terni  and  Bandi  used  the  sterilized  exudate  from  the  peritoneum 
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of  guinea-pigs  inoculated  intraperitoneally  with  plague  bacilli,  and 
killed  some  little  time  before  they  would  have  died  naturally.  The 
exudate  is  diluted  with  a  solution  of  carbolic  acid  and  sodium 
carbonate  and  chloride,  and  given  in  a  dose  of  i'5  to  2"5  c.c.  By 
this  method  plague  aggressions  are  produced  and  used. 

Klein  has  advocated  an  '  organ  prophylactic,'  obtained  by  drying 
and  powdering  buboes,  spleens,  lungs,  and  livers  of  infected 
animals.  The  dose  for  an  individual  is  from  5  to  7  milligrammes, 
made  into  an  emulsion  with  warm,  sterile,  distilled  water,  and 
injected  subcutaneously,  but  it  has  not  yet  been  tried  on  man 
as  far  as  we  know. 

Vaccines  composed  of  Living  Attenuated  Bacilli. — Strong  and  KoUe 
have  recommended  the  use  of  living  virulent  cultures,  and  Strong 
has  practically  shown  that  this  method  of  vaccination  can  be 
carried  out  without  danger.  This  vaccination  consists  of  the  intra- 
muscular injection  of  one  whole  twenty vfour-hour  agar  slant  of  the 
living  virulent  culture  in  an  adult,  and  one-quarter  to  one-half  of 
such  a  culture  in  a  child.  The  reaction  is  not  excessive.  About 
ten  days  after  the  inoculation  Strong  has  observed  a  marked  rise 
in  the  opsonic  index,  and  that  the  phenomenon  of  complement 
fixation  is  given  by  the  blood-serum,  thus  proving  the  presence  of 
specific  antibodies. 

Strong  and  Kitasato  are  of  the  opinion  that  Governments  should 
unite  to  deal  with  plague  by  attacking  it  in  the  endemic  centres  by 
general  vaccination  of  the  population. 
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CHAPTER  XXXIII 

THE  UNCLASSIFIED  AND  COSMOPOLITAN 
FEVERS  IN  THE  TROPICS 

General  remarks — Seven-days  fever — Three-days  fever — Hyperpyrexia!  fever 
— Double  continued  fever — Low  intermittent  non-malarial  fever — High 
intermittent  non-malarial  fever — Cosmopolitan  fevers — Typhus — Psitta- 
cosis— References. 

General  Remarks.  —  A  number  of  indefinite  fevers  remain  to  be 
described,  for,  since  malaria  became  a  well-defined  disease,  it  has 
been  discovered  that  there  are  a  number  of  fevers  which  were  pre- 
viously confused  with  it.  In  i8g8  Crombie  made  an  attempt  to 
arrange  these  fevers  in  some  order  according  to  their  clinical  symp- 
toms, defining  a  simple  continued  fever,  which  appears  to  be  the 
same  as  Rogers'  seven-days  fever,  a  low  fever,  and  a  non-malarial 
remittent,  which  was  undoubtedly  typhoid.  Since  then  Manson 
has  described  a  double  continued  fever,  Thompstone  and  Bennet 
a  hyperpyrexial  fever,  Rogers  a  seven-days  fever,  and  McCarrison 
a  three-days  fever,  and  Castellani  defined  several  distinct  types 
of  fever  in  Ceylon,  while  Cobb  has  described  a  fever  in  Bengal. 

This  latter  is  peculiar,  and  reads  like  a  mild  attack  of  insolation. 
It  occurs  in  the  hottest  months  of  the  year.  The  onset  is  sudden, 
the  temperature  rising  to  103°  to  104°  F.,  with  headache,  nausea, 
and  vomiting,  associated  with  a  peculiar  pigmentation  of  the  nose 
and  cheeks.  The  fever  is  continued,  and  lasts  eight  to  ten  days. 
It  requires  further  investigation. 

A  peculiar  form  of  continued  fever,  which  is  said  not  to  be  typhoid 
and  not  to  be  malaria,  is  described  by  Robles,  of  Quezaltenango, 
and  Gann,  of  British  Honduras. 

Robles  has  separated  from  the  blood  of  the  patients  a  micro- 
coccus resembling  Micrococcus  melitensis,  but  liquefying  gelatine, 
The  patients,  who  are  usually  derived  from  the  younger  members 
of  the  poorer  classes,  are  anaemic  and  debilitated,  and  live  under 
insanitary  conditions.  The  fever  is  very  irregular,  being  at  first 
remittent,  but  becoming  intermittent,  while  the  periods  of  apyrexia 
increase  in  length  and  frequency  as  the  disease  progresses.  The 
symptoms  are  but  slight,  consisting  of  headache,  malaise,  furred 
tongue,  thirst  and  anaemia,  with  slight  constipation.     The  spleen 
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is  either  not  enlarged  or  but  slightly  so,  while  the  liver  is  a  little 
tender  on  firm  pressure.  The  duration  of  the  disease  is  from 
two  to  three  weeks  to  several  months.  Convalescence  is  long  drawn 
out,  there  being  much  debility  and  disinclination  for  mental  or 
physical  exertion.  The  prognosis  is  good,  as  recovery  is  the  rule. 
The  best  treatment  is  change  to  a  cooler  climate,  good  sanitation, 
a  light,  nourishing  diet,  and  a  tonic  of  iron  and  strychnine. 

Forrest  has  described  a  fever  in  Rangoon  which  he  called  '  Ran- 
goon local  fever,'  which  lasts  three  to  fifteen  days,  and  shows  a 
temperature  curve  resembling  a  parabola,  ascending  and  descending 
gradually.  The  maximum  temperature  is  104°  F.,  and  the  blood 
shows  a  polymorphonuclear  leucocytosis. 

We  shall  now  describe  some  of  these  indefinite  fevers,  and  also 
give  brief  descriptions  of  typhus  fever  and  psittacosis. 


SEVEN-DAYS  FEVER. 

Synonyms. — Simple  Continued  Fever,  Febricula. 
Definition. — A  specific  fever  of  short  duration,  and  characterized 
by  a  sudden  onset,  a  saddle-back  remission  of  the  temperature,  a 

slow  pulse,  with  a  leuco- 
penia  due  to  a  polymor- 
phonuclear decrease. 

History.  —  This  disease 
was  clearly  differentiated 
from  the  mass  of  unclassi- 
fied fevers  by  Rogers  in 
1905-08  as  a  sporadic  fever 
of  Indian  seaport  towns. 
It  is  probably  identical 
with  Crombie's  simple  con- 
tinued fever,  and,  accord- 
ing to  several  observers,  is 
a  form  of  dengue. 

Climatology. — So  far  in 
India  and  Ceylon  it  has 
been  found  in  towns  in 
low  -  lying  districts  near 
the  sea,  and  is  believed 
not  to  spread  inland.  In 
Calcutta  it  occurs  from 
May  to  September,  and 
is  very  common  in  Colombo 
during  the  same  months. 

.etiology. — Rogers  found 

a  motile  bacillus  related  to 

the  coli  bacillus  in  the  blood,  which  he  thinks  may  possibly  be  the 

cause  of  the  disease.     It  resembles  the  Bacillus 'coli  communis  in  size 

and  shape,  and  possesses  flagella ;  is  decolourized  by  Gram ;  produces 
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a  diffuse  haziness  in  broth ;  slowly  liquefies  gelatine  ;  grows  on  agar 
like  B.  coli  ;  does  not  produce  gas  in  glucose  agar ;  nor  gas,  nor  acid, 
in  dextrose,  laevulose,  and  maltose  broths ;  nor  does  it  ferment  arabi- 
nose,  galactose,  saccharose,  lactose,  inulin,  salicin,  erythrite,  mannite 
or  dulcite.  It  is  agglutinated  in  i  iii  20  and  i  in  40  dilutions  of 
the  serum  of  seven-day  fever  patients.  These  observations  have 
not  yet  been  confirmed.  Clayton  suggests  that  the  disease  is 
carried  by  mosquitoes.  The  fever  is  commonly  found  among 
Europeans,  and  especially  among  people  having  to  do  with  shipping, 
and  also  in  new-comers. 

Pathology. — If  the  above  organism  is  proved  to  be  the  cause  of 
the  fever,  then  the  disease  is  a  form  of  septicaemia.  The  morbid 
anatomy  is  unknown,  as  the  mortality  is  nil. 
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Fig.  302. — Temperature-Chart  of  a  Case  of  Seven-Days  Fever. 

.  Symptomatology. — The  incubation  period  is  unknown,  and  no 
prodromal  symptoms  have  been  recorded.  The  invasion  is  sudden, 
with  a  rapid  rise  of  temperature  to  102°  F.  or  105°  F.,  but  the  pulse 
is  not  as  quick  as  it  should  be,  compared  to  the  temperature. 

The  face  is  flushed,  and  the  palpebral  conjunctivae  injected,  and 
some  rose-coloured  spots  may  appear  on  the  skin.  Pain  is  felt  in  the 
back  and,  less  commonly,  in  the  limbs.  After  the  initial  rise  there 
is  usually  a  gradual  marked  remission  of  the  temperature  for  two 
to  three  days,  when  the  fever  again  rises,  producing  the  typical 
saddle-back  remission.  After  the  second  rise  the  temperature 
gradually  or  quickly  falls  to  normal,  and  the  disease  ends  about  the 
seventh  to  eighth  day.  There  is  generally  frontal  headache,  and  the 
tongue  is  furred  on  the  dorsum,  while  the  edges  are  red.  Nausea 
and  vomiting  are  not  common ;  the  bowels  are  usually  normal, 
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though  constipation  or  diarrhoea  may  occur.  The  abdomen  is 
often  distended,  and  may  be  painful.  The  liver  is  usually  normal, 
but  may  in  a  few  cases  be  slightly  enlarged,  and  the  spleen  is  at 
times  enlarged.  The  respiratory  and  circulatory  organs  are  normal, 
except  that  the  pulse  is  often  slow  as  compared  with  the  temperature. 

The  blood  shows  a  slight  reduction  of  the  erythrocytes  and  a 
marked  leucopenia — 2,000  to  4,000  per  c.c.  The  polymorpho- 
nuclear leucocytes  are  reduced,  and  the  lymphocytes  and  mono- 
nuclears are  increased.  Nothing  abnormal  is  found  in  the  urine, 
except  the  usual  appearance  of  febrile  urine. 

Rashes  are  not  rare.  The  most  common  is  a  mottling  or  a  diffuse 
erythema  of  the  extensor  surfaces  of  the  forearms  on  the  fourth  to 
sixth  day,  which  fades  before  the  temperature  falls. 

There  are  no  complications  or  sequelae,  and  the  prognosis  is  ex- 
cellent, as  the  mortality  is  nil.  Mild  recurrences  in  following  years 
may  be  met  with,  but  relapses  in  the  same  year,  though  rare,  do 
occur,  as  we  have  met  with  such  a  case.     Convalescence  is  rapid. 

Diagnosis. — It  can  be  distinguished  from  malaria  by  the  absence 
of  parasites,  and  the  slow  pulse  with  high  fever  ;  from  influenza 
by  the  absence  of  respiratory  symptoms ;  and  from  dengue  by  the 
absence  of  the  typical  rash,  of  the  joint  pains  and  by  the  slow  pulse. 

Treatment. — This  is  purely  symptomatic. 

THREE-DAYS  FEVER. 

A  fever  exists  in  Upper  India  which  appears  to  have  first  been 
noted  by  James  at  Mian  Mir,  but  it  was  really  differentiated  by 
McGarrison  in  Chitral"  in  1906,  where  it  has  prevailed  among  the 
troops  since  1895.  It  appears  to  attack  new-comers  and  young 
people  most  commonly,  and  is  more  prevalent  among  Europeans 
and  Goorkhas  than  among  Hindus. 

Climatology. — It  appears  to  depend  in  some  way  upon  high  air- 
temperatures,  but  other  atmospheric  conditions  are  not  important. 

etiology. — It  is  not  contagious,  but  it  is  very  infectious,  for  a 
visit  of  even  a  few  hours  to  the  infected  district  in  the  right  season 
will  cause  the  disease.  No  bacterium  nor  animal  parasite  has 
been  found  in  the  blood  or  urine,  or  obtained  by  splenic  puncture, 
and  further  subcutaneous  and  intravenous  injections  of  blood  from 
fever  cases  into  healthy  individuals  have  been  without  result.  It 
has,  however,  been  noted  that  its  appearance  coincides  remarkably 
with  that  of  the  sand-fly,  which  is  therefore  suspected  of  being  a 
possible  agent  in  its  spread. 

Pathology. — As  the  causal  agent  is  unknown  and  the  morbid 
anatomy  is  unknown,  because  the  mortality  is  nil,  no  remarks  can 
be  offered  as  to  the  pathology. 

Symptomatology. — ^The  incubation  varies  from  a  few  hours  to  five, 
rarely  six,  days.     Prodromal  symptoms  in  the  form  of  malaise,    ' 
vague  pains,  discomfort,  and  weariness,  are  generally  present. 

The  onset  is  sudden,  with  a  slight  rigor  or  a  feeling  of  chilliness 
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and  severe  frontal  headache,  lumbar  and  body  pains.  The  conjunc- 
tivae are  injected  and  the  cheeks  slightly  flushed.  The  skin  is  hot 
and  dry,  and  the  temperature  rapidly  rises  to  reach  104°  F.,  or 
rarely  105°  F.,  in  twenty-four  hours.  The  pulse  may  reach  100  to 
116,  but  is  often  unduly  slow.  The  patient  is  very  irritable,  and 
intolerant  to  sounds.  Movements  of  the  eyes  are  painful,  and 
sleep  is  impossible. 

The  tongue  is  coated  on  the  dorsum  with  a  white  or  brown  fur, 
and  the  edges  may  be  red.  The  appetite  is  lost  and  the  sense  of 
taste  destroyed,  but  vomiting  is  uncommon,  though  there  is  pain 
in  the  epigastrium  and  sometimes  diarrhoea.  The  mouth  and  throat 
are  congested  and  irritable,  and  there  may  be  a  little  bronchitis. 
The  cough  is  generally  dry,  with  thick,  tenacious,  muco-purulent 
expectoration.  The  tonsils  are  enlarged  and  the  uvula  congested. 
The  liver  and  spleen  are  normal.  Vertigo  may  be  present,  and  pains 
in  the  joints,  especially  in  the  elbow  and  knee,  as  well  as  in  the  bones 
and  muscles,  and  burning  sensations  in  the  palms  and  soles.  Cramps 
are  not  uncommon. 

The  blood  shows  a  marked  leucopenia — 4,000  leucocytes  per  c.c. — 
and  the  differential  count  is  as  follows  : 

Per  Cent. 

Polymorphonuclears      ..  ..  ..  . .     6i"7 


Lymphocytes  . . 
Mononuclears  . 
Eosinophiles    . 


21-3 

i4"o 

27 


The  urine  is  diminished  in  quantity,  but  is  of  normal  colour, 
specific  gravity,  and  acid  reaction,  and  does  not  contain  albumin. 

In  thirty-six  to  forty-eight  hours  the  temperature  falls  slowly  to 
normal,  but  may  show  a  terminal  rise.  This  fall  is  often  accom- 
panied with  epistaxis,  more  rarely  with  sweating,  vomiting,  or  diar- 
rhoea. When  the  temperature  falls  the  symptoms  abate,  but  much 
weakness  is  felt,  the  convalescence  being  prolonged.  An  afebrile 
variety,  with  only  headache  and  body  pains,  is  described. 

Complications. — ^The  complications  are  bronchitis  and  phlebitis. 

Sequelae. — Pains  in  the  bones  and  a  peculiar  loss  of  memory  may 
be  sequelae. 

Prognosis. — No  one  has  been  known  to  die  of  this  complaint. 

Diagnosis.— This  has  to  be  made  in  mucn  the  same  way  as  in 
seven-days  fever,  from  malaria,  influenza,  and  dengue.  This  fever 
closely  resembles  the  three-days  fever  described  in  Malta  by 
Gerrard  Birt,  and  others,  which  is  identical  with  the  three-days 
fever  of  Dalmatia  and  other  parts  of  Austria-Hungary,  which  is 
known  under  the  name  of  '  pappataci  fever.'  Pappataci  is  the  local 
name  of  a  dipterous  insect,  Phlebotomus  pappatasit,  which  is  the 
carrier  of  the  unknown  cause  of  the  disease. 

Treatment.— The  treatment  is  purely  symptomatic  :  rest  m  bed 
plenty  of  water  to  drink,  cooling  applications,  and  a  most  restricted 
liquid  diet 
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HYPERPYREXIAL  FEVER. 

There  is  a  peculiar  form  of  fever  which  we  met  with  in  1897  in 
two  cases  on  the  Gold  Coast,  and  which  was  first  described  by  Thomp- 
stone  and  Bennett  in  Southern  Nigeria,  in  which  the  patient  begins 
with  a  mild  fever  which  looks  like  a  typical  malarial  attack,  the  tem- 
perature falling  after  the  ordinary  sweating  stage,  though  no  malarial 
parasites  appear  in  the  blood.  The  next  day  the  temperature  is  almost 
normal,  and  no  anxiety  is  felt  about  the  patient.  But  on  the  third  day 
the  temperature  begins  to  rise,  and  reaches  104°  F.  to  107°  F.,  at 
which  it  will  remain  if  only  drugs  are  used ;  but  if  cool  bathing  is 
resorted  to,  the  temperature  wUl  fall  temporarily,  rising  in  due  course 
until  cool  bathing  is  again  performed.  This  struggle  continues, 
despite  any  medical  treatment  that  may  be  employed,  until,  at  the 
end  of  six  to  seven  days,  the  cool  bathing  ceases  to  have  its  effect,, 
and  the  temperature  goes  on  until  110°  F.  is  reached  about  the 
eighth  day,  and  the  patient,  after  having  been  delirious,  becomes 
comatose  and  dies ;  or,  in  about  50  per  cent,  of  Thompstone  and 
Bennett's  cases,  the  temperature  remains  at  about  105°  F.  for  three 
weeks,  and  then  gradually  falls  to  normal  about  the  sixth  week. 

The  spleen,  liver,  abdominal  organs,  urine,  and  blood  appear 
quite  normal,  except  that  coagulation  is  said  to  be  quick.  The 
conjunctivae  are  injected,  and  the  mind  is  clear  until  the  terminal 
delirium  sets  in.  It  was  not  possible  to  obtain  a  post-mortem  in 
the  cases  which  we  saw.     The  aetiology  is  quite  unknown. 

Treatment. — Cool  sponging,  cool  baths,  and  cool  packs  are  the 
only  useful  treatment. 

DOUBLE  CONTINUED  FEVER. 

This  disease  was  first  met  with  by  Manson,  and  subsequently  by 
Thorpe  and  Rousseau  in  China. 

The  disease  begins  insidiously,  the  temperature  rising  to  104°  F. 
and  remitting  about  3°  F.  per  diem,  with  slow  pulse,  a  moist  red 
tongue,  and  constipation.  The  spleen  is  slightly  enlarged,  and  all 
the  other  organs  are  normal.  After  ten  to  fifteen  days  the  tempera- 
ture falls  gradually  by  lysis  to  normal,  at  which  it  remains  for  two 
to  seven  days,  when  a  second  paroxysm  of  fever  sets  in  of  the  same 
type  as  the  first,  only  lasting  some  ten  days,  after  which  the  patient 
becomes  convalescent.  There  is,  however,  a  considerable  amount 
of  anaemia,  and  it  is  a  long  time  before  the  strength  is  regained. 
There  are  no  complications  or  sequelae. 

Treatment  must  be  symptomatic  ;  quinine  is  useless. 

LOW  INTERMITTENT  NON-MALARIAL  FEVER. 

This  fever  has  been  described  by  Castellani  in  Ceylon.  Cases 
of  apparently  identical  nature  have  been  later  observed  by  Murray 
in  Siam.     The  onset  of  the  disease  is  insidious,  or  it  may  follow 
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what  to  all  purposes  appears  to  be  a  mild  attack  of  influenza,  the 
patient  feehng  out  of  sorts,  feverish,  and  complaining  of  muscular 
rheumatoid  pains  all  over  the  body.  The  type  of  the  fever  is  inter- 
mittent. Every  day,  generally  between  the  hours  of  ten  and  twelve, 
the  patient  feels  somewhat  chilly,  but  there  is  no  shivering  fit.  The 
temperature  rises,  the  maximum  varying  between  99°  F.  and  102°  F. 
The  temperature  never  rises,  in  our  experience,  above  102°  F.  In 
the  evening,  between  eight  and  midnight,  the  temperature  slowly 
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Fro.   303. — Temperature-Chart  of  a  Case  of  Low  Intermittent 
Non-malarial  Fever. 


decreases  and  becomes  normal.  Occasionally  the  patient  may 
perspire  when  the  temperature  falls,  but  this  is  not  a  constant 
symptom.  The  physical  examination  of  the  patient  will  reveal 
nothing  abnormal,  apart  from,  occasionally,  signs  of  slight  anaemia. 
The  liver  and  spleen  are  not  enlarged.  In  a  few  cases  some  super- 
ficial lymphatic  glands  may  be  slightly  enlarged.  Iji  some  cases 
the  red  blood  cells  are  decreased.  An  interesting  feature  in  most 
cases  is  the  distinct  increase  in  the  number  of  eosinophile  leucocytes, 
even  when  no  evidence  of  intestinal  worms  can   be  found  in  the 
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motions.  The  course  of  the  fever  is  very  long.  We  have  seen 
cases  lasting  six  months. 

Diagnosis. — ^This  fever  may  be  diagnosed  from  Malaria  by  the 
absence  of  Laveran's  parasites,  and  by  the  fact  that  the  spleen  is 
not  enlarged  ;  from  Malta  fever,  a  type  of  which  it  closely  resembles 
clinically,  by  the  absence  of  the  Micrococcus  melitensis  in  the  blood, 
and  the  constant  negative  result  of  Wright's  reaction  ;  from  trypano- 
somiasis by  the  absence  of  the  Trypanosoma  gambiense. 

Prognosis. — ^This  is  good — quoad  vitam — but  the  patient  feels 
weak,  tired,  nervous,  and  unfit  to  do  his  work  properly  fbr  months. 

Treatment. — A  change  of  climate  is  always  beneficial.  A  long 
course  of  injections  of  quinine  cacodylate  is  useful  in  many  cases. 
The  ordinary  preparations  of  quinine  by  the  mouth  or  by  injection 
do  not  influence  the  fever  in  the  least. 


HIGH  INTERMITTENT  NON-MALARIAL  FEVER. 

This  has  often  been  observed  in  children.  Apart  perhaps,  from 
slight  ansemia,  the  child  does  not  show  any  s5''mptoms  except  the 
fever.  He  takes  his  food  well,  runs  about  and  plays,  and  seems 
apparently  in  his  usual  health.  The  fever  begins  in  the  late  morning, 
and  lasts  several  hours  every  day,  reaching  103°  to  104°  F.  and 
more.  There  is  no  shivering  fit  at  the  onset,  nor  perspiration  when 
the  temperature  falls  to  normal.  The  blood  does  not  show  any- 
thing abnormal,  except,  occasionally,  a  slight  degree  of  anaemia. 
The  course  of  the  fever  is  very  long,  lasting  at  times  several  months. 
Quinine  does  not  influence  it  in  the  least.  As  a  rule,  a  change  of 
climate  stops  the  fever  almost  immediately. 


COSMOPOLITAN  FEVERS  IN  THE  TROPICS. 

In  addition  to  the  fevers  peculiar  to,  or  commonly  found  in,  the 
tropics,  many  cosmopolitan  fevers  occur. 

Influenza  might  really  be  considered  to  be  a  tropical  disease 
which  has  invaded  and  become  endemic  in  the  Temperate  Zone ; 
for  most  epidemics  have  come  from  Asia,  where  it  is  endemic.  Of 
all  the  cosmopolitan  fevers,  the  most  important  to  the  medical  prac- 
titioner is  typhoid,  which  is  so  common  in  Asia  as  to  almost  justify 
compulsory  antityphoid  inoculation.  This  disease  is  probably 
mainly  spread  by  flies  and  contaminated  mUk,  while  the  bacilli  are 
spread  all  over  a  town  by  means  of  'human  carriers,'  especially 
where  sanitation  is  defective.  Typhoid  is  a  preventable  disease, 
and  with  improved  sanitation  will  no  doubt  diminish  as  much  in 
the  East  as  it  has  in  the  West ;  but  at  the  present  time  the  tropical 
practitioner  has  far  more  experience  of  the  disease  than  his  Tem- 
perate Zone  colleague.  It  is  very  common  among  natives.  In 
most  cases  the  temperature  does  not  run  the  typical  course  described 
in  textbooks  on  general  medicine,  having  sometimes  a  high  re- 
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mittent  type,  and  at  others  an  intermittent  type,  while  cases  of 
mixed  infection  with  malaria  are  not  rare. 

Paratyphoid  and  paratyphoid-like  fevers,  as  described  by  one  ot 
us,  are  not  ra:re.  Some  cases  have  been  met  with  due  to  a  bacillus, 
B.  ceylonensis  Castellani,  which  is  somewhat  different  from  the  para- 
typhoid bacilli.  Cerebro-spinal  meningitis  is  met  with  apparently 
throughout  the  tropics,  for  it  is  known  on  the  West  Coast  of  Africa 
and  its  hinterland,  and  in  Asia.  Its  high  polynuclear  leucocytosis 
is  of  importance  in  its  recognition. 

Measles,  German  measles,  mumps,  whooping-cough,  chicken-pox, 
and  smallpox  are  all  met  with.  Diphtheria  is  more  frequent  than 
generally  stated,  but  is  apt  to  be  overlooked,  owing  to  the  old  belief 
that  it  does  not  occur  in  the  tropics.  It  is  more  frequently  observed 
in  hill-stations  and  in  the  cooler  times  of  the  year.  Pfeiffer's 
glandular  fever  is  known,  but  is  rare. 

Rheumatism  and  scarlet  fever  are  distinctly  uncommon.  Septic 
infections  and  intoxications  as  primary  diseases,  due  to  pyogenic 
organisms,  are  not  uncommon.  Erysipelas  is  often  diagnosed,  but 
the  symptoms  are  often  not  those  of  the  ordinary  disease  of  Europe, 
being  probably  due  to  filariasis  or  animal  stings. 

Two  cosmopolitan  diseases — viz.,  typhus  and  psittacosis — may  be 
mentioned  in  greater  detail . 

Typhus. 

Synonyms. — Spotted  Fever,  Prison  Fever,  Fleckfieber,  Typhus  Exanthema- 
tique,  Tifo  Esantematico,  El  Tarbardillo,  Vlekkoorts,  Homma  Tjrphuisa, 
Synochus  Putrida. 

Definition. — Typhus  is  an  acute  specific  fever  of  unknown  cause,  said  to 
be  very  infectious,  but  in  what  manner  is  not  known,  and  characterized  in  most 
cases  by  a  sudden  onset,  a  macular  petechial  eruption,  and  severe  toxaemia, 
which,  after  a  definite  course,  generally  ends  by  crisis. 

History. — The  early  history  of  typhus  is  wrapped  in  obscurity  by  reason  of 
its  confusion  with  plague  ;  for  though  Hippocrates  mentions  the  word 
'  typhus,'  he  applied  it  to  stuporous  and  delirious  conditions,  and  does  not 
appear  to  have  been  acquainted  with  the  fever  in  question.  This  confusion 
with  plague  continued  until  Frascastorius,  in  the  sixteenth  century,  gave 
such  an  account  as  enabled  them  to  be  separated  from  one  another,  though 
the  nomenclature  at  first  indicated  that  they  were  related,  and  it  was  not  until 
1760  that  the  term  '  typhus  '  was  first  applied  to  the  disease  by  Boissier  de 
Sauvages. 

During  the  eighteenth  and  nineteenth  centuries  typhus  was  well  known 
in  Europe,  but  included  typhoid  and  relapsing  fevers,  from  the  former  of 
which  it  was  distinguished  by  a  long  series  of  researches,  beginning  with  those  of 
Strother,  Gilchrist,  and  Huxham  in  the  early  eighteenth  century,  and  ending 
with  Still's  classical  work  in  1837,  while  the  history  of  the  difierentiation  from 
the  latter  has  already  been  described  in  the  chapter  on  the  Relapsing  Fevers. 

For  a  long  time  the  disease  passed  unrecognized  in  the  tropics,  and,  indeed, 
in  the  Lancet  of  1871  it  is  even  debated  as  to  whether  it  could  exist  in  those 
regions  ;  but  though  it  is  impossible  to  deny  that  Lyell,  in  his  observations 
in  :852,  mistook  relapsing  fever  for  it,  and  that  Fairweather  in  1869  was 
confusing  it  with  typhoid,  it  would  appear  as  though  Lyons,  in  1869,  clearly 
recognized  the  disease  as  occurring  in  North- West  India,  where  it  is  now  well 
known  to  be  endemic,  and  it  has  since  been  reported  from  many  parts  of  the 
tropics. 

Climatology. — Typhus  is  essentially  a,  disease  of  temperate  and  cold 
climates,  and  therefore  is  well  known  to  occur  in  Europe  and  America. 
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In  the  tropics  it  principally  appears  in  places  situated  at  high  altitudes, 
or  where  there  are  cool  seasons,  in  which  case  it  disappears  in  a  most  remark- 
able manner  as  soon  as  the  warm  season  sets  in. 

In  Africa  it  is  said  by  Hirsch  to  be  endemic  in  Nubia,  and  has  been  carefully 
studied  in  Egypt  by  Sandwith,  where  he  says  that  it  has  been  definitely 
recQgnized  since  1836,  and  where  a  few  cases  are  reported  every  year  in  the 
spring  months.  It  is  also  reported  from  TripoU,  Tunis,  Algeria  (rarely),  and 
Morocco.  In  Asia  it  appears  to  occur  only  in  epidemic  form  in  Asia  Minor  and 
Syria,  but  is  believed  to  be  endemic  in  Persia,  and  possibly  also  in  Afghanistan, 
because  it  is  said  to  be  regularly  imported  into  India  by  caravans  from  this 
country.  In  India  an  endemic  area  exists  on  the  west  of  the  Indus,  stretching 
from  Beloochistan  in  the  south  to  Yusufzai,  Hazara,  and  Kashmir  in  the  north, 
and  then  passing  eastwards  along  the  ranges  of  the  Himalayas,  where  it  is 
especially  prevalent  at  Kulu,  and  also  passing  southwards  into  the  district  of 
Rawal  Pindi.  In  Ceylon  we  have  met  with  a  few  cases  in  European  sailors, 
who  have,  however,  acquired  the  disease  elsewhere.  It  occurs  in  Indo- 
China  ;  in  Northern  China,  where  it  is  endemic,  becoming  epidemic  every 
spring  ;  and  in  Japan,  where  it  occurs  yearly  in  the  province  of  Hiogo.  It  does 
not  occur  in  Australasia  or  Oceania.  In  Tropical  America  it  is  endemic  in 
Mexico,  rare  in  Central  America,  absent  in  the  West  Indies,  the  Guianas, 
Colombia,  and  Venezuela,  and  is  rare  in  Brazil,  though  it  is  common  in  Peru 
and  Northern  Chili. 

iSitiology. — The  causation  of  typhus  remains  undiscovered,  though  many 
researches  have  been  made,  first  by  Hallier,  who  in  1868  described  a  fungus 
as  the  causal  agent ;  and  then  by  Klebs,  who  found  bacilli  in  188 1  ;  and  by  Mott 
and  Blore,  who  in  the  same  year  described  minute  screw-like,  motile  organisms 
as  present  in  the  blood  during  life,  and  micrococcal-like  bodies  found  in 
cells  between  the  muscular  fibres  of  the  heart  after  death. 

In  1891  Hlava  described  ovoid  bodies  which  he  believed  to  be  part  of  a 
strepto-bacillus  ;  in  1892  Thoinot  and  Calmette  saw  flagellate  bodies  ;  and  in 
1892  Lewaschew  found  a  motile  organism,  sometimes  like  a  thrdad,  sometimes 
oval  and  flagellate  ;  in  1893  DubiefiE  and  Briihl  described  a  diplococcus  ;  in 
1899  Balfour  and  Porter  found  another  diplococcus.  In  1903  Gottsch- 
Uch  described  a  Babesia  existing  in  non-motile  endocorpuscular  and  flagellate 
free  forms  in  cases  in  Egypt,  but  these  parasites  may  have  only  been  cellular 
degenerations ;  and,  lastly,  Horiachi  described  a  bacillus  which  he  isolated 
from  the  faeces  and  urine  of  Japanese  troops  which  in  the  war  in  Manchuria 
suffered  from  a  disease  which  was  probably  typhus.  Krompecher,  Goldzieher, 
and  Augyan  have  described  intracorpuscular  bodies  somewhat  resembling 
a  Babesia.  Yersin  and  Vassal,  in  1908,  succeeded  in  communicating  the 
disease  directly  from  one  man  to  another  by  inoculation,  but  failed  to  repro- 
duce it  in  rats,  guinea-pigs,  and  rabbits.  Their  experiments  tend  to  prove 
that  the  infective  agent  exists  in  the  blood  from  the  second  to  the  fifth  day 
of  the  disease.     NicoUe  has  experimentally  infected  monkeys. 

With  regard  to  the  spread  of  the  disease,  there  is  a  great  conflict  of  opinion 
as  to  whether  it  is  infectious  ;  most  certainly  it  does  not  cross  air-spaces, 
though  it  seems  to  be  associated  with  bedding,  fomites,  furniture,  and  dirt, 
which  causes  the  suspicion  that  the  agent  may  be  an  animal  parasite.  Moreover, 
the  fact  that  it  only  appears  in  the  cool  season  of  the  tropics,  and  its  rapid 
disappearance  in  the  warm  season,  is  also  in  favour  of  its  transmission  by 
some  animal.  Therefore  suspicion  is  aroused  that  it  may  be  spread  by  a  blood- 
sucking parasite,  perhaps  an  insect. 

Patton  has  recently  shown  that  Cimex  lectulanus  Linnaeus  1758  is  found 
along  the  north-west  frontier  of  India  ;  and  Husband  and  MacWalters  draw 
attention  to  the  fact  that  the  distribution  of  this  bug  curiously  coincides  with 
the  distribution  of  typhus  in  India. 

These  latter  observers  point  out  that  in  an  epidemic  occurring  in  a  gaol, 
the  hospital  was  found  infected  with  bugs,  which  occurred  nowhere  else. 
On  the  destruction  of  these  pests  the  epidemic  ceased.  Moreover,  they  draw 
attention  to  the  fact  that  predisposing  causes  of  typhus,  such  as  dirt, 
overcrowdng,  and  the  way  in  which  the  infection   hangs    about    beddmg, 
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buildings,  and  furniture,  are  easily  explicable  on  the  bug  hypothesis.  Sanabon, 
in  his  article  on  Rocky  Mountain  fever  in  Allbutt  and  RoUeston's  'System, 
advances  arguments  in  favour  of  the  identity  of  Rocky  Mountain  and  typhus 
fevers  ;  but  Husband  and  Mac  Walters'  researches  are  not  in  favour  of  a  tick 
being  the  carrier  of  the  disease.  It  may  be  that  typhus  and  Rocky  Mountain 
fevers  are  caused  by  allied  protozoan  parasites  spread  by  different  blood- 
suckers. In  Glasgow  the  flea  was  suspected  to  be  the  cause  of  the  dissemina- 
tion of  the  disease.     NicoUe  suspects  Pediculus  vestimentorum. 

Pathology. — The  cause  being  entirely  unknown,  the  pathology  can  be  but 
briefly  mentioned.  The  infective  agent  exists  in  the  peripheral  blood  from 
the  second  to  the  fifth  day,  and  probably  is  also  found  in  the  enlarged  and 
congested  spleen.  After  the  fifth  day  it  is  not  known  what  definitely  happens 
to  it,  but  the  eruption  appearing  about  that  date  leads  to  the  belief  that  it 
enters  the  skin. 

Morbid  Anatomy. — The  spleen  is  enlarged  and  engorged  if  the  post-mortem 
takes  place  up  to  the  middle  of  the  second  week,  but  not  later.  There  is 
oedema  of  the  lungs  and  hypostatic  pneumonia,  cloudy  swelUng  and  fatty 
degeneration  of  the  heart,  cloudy  swelUng  of  the  liver  and  kidneys,  and  hyper- 
aemia  of  all  the  organs. 

Symptomatology. — The  incubation  period  of  the  naturally  acquired  infec- 
tion is  not  well  known  at  present,  var3ang  from  four  to  eighteen  days,  but 
more  probably  being  about  eight  to  twelve  days. 

Prodromal  symptoms  are  often  entirely  absent,  or  consist  of  vague  feelings 
of  fatigue,  giddine'ss,  and  headache. 

The  onset  is  sudden,  being  characterized  by  frontal  headache,  pains  in 
various  parts  of  the  body,  of  which  pain  in  the  chest,  giving  rise  to  the  sus- 
picion of  pneumonia  is  important ;  marked  rise  of  temperature  from  loi"  F.  to 
104°  F.  ;  quick  pulse  (100  to  120)  ;  flushed  face  and  sufiused  eyes  ;  quickened 
respirations,  and  a  sensation  of  great  weakness.  During  the  next  two  or  three 
days  the  temperature  continues  to  rise  at  night;  with  remissions  in  the  morning, 
to  a  maximum  of  about  104°  F.  to  105°  F.  on  the  second  to  fourth  days,  during 
which  time  the  tongue  becomes  dry,  swollen,  and  cracked,  with  a  thick  brown 
deposit  on  the  dorsum,  while  the  tip  and  sides  are  red  ;  nausea  may  be 
experienced,  but  vomiting  is  rare,  and  the  bowels  are  either  constipated  or 
normal. 

The  nervous  system  is  early  affected,  the  patient  being  apathetic,  drowsy, 
with  a  dull  expression.  The  changes  in  the  blood  are  of  the  utmost  impor- 
tance, and  should  be  carefully  studied.  There  is  always  an  increase  in  the  red 
cells,  with  a  corresponding  increase  in  the  haemoglobin,  and  a  leucocytosis, 
which  is  usually  well  marked,  being  on  an  average  about  24,000  per  cubic 
millimetre,  but  varying  between  the  extremes  of  8,000  and  54,000.  The 
differential  leucocyte  count  is  also  of  importance,  for  in  cases  uncompUcated 
with  malaria  or  other  protozoal  infections  the  polymorphonuclear  increase 
is  a  characteristic  feature,  and  may  exceed  90  per  cent.  ;  whUe  the  mono- 
nuclears and  lymphocytes  may  be  reduced,  especially  if  the  case  is  to  end 
fatally,  while  eosinophiles  are  often  entirely  absent — a  most  characteristic 
feature  in  a  case  in  the  tropics,  where  worm-infection  is  common.  The 
mononuclear  decrease  is,  however,  not  evident  in  cases  about  to  recover,  nor 
is  it  present  in  natives  in  the  tropics,  who,  of  course,  are  liable  to  previous 
protozoal  infections,  and  this  may  lower  the  relative  polynuclear  count  in 
these  regions  to  60  per  cent,  or  less. 

Though  there  is  an  increase  in  the  red  and  white  corpuscles,  the  specific 
gravity  is  said  to  be  lower  than  normal,  which  is  rather  extraordinary,  and 
must  indicate,  if  true,  considerable  alterations  in  the  plasma.  As  the  disease 
progresses,  the  rapidity  of  the  pulse  increases,  and  may  reach  140  per  minute, 
and  is  usually  small  and  of  low  tension.  The  respirations  are  always  quick- 
ened, and  there  are  generally  signs  of  pharyngitis,  bronchitis,  or  broncho- 
pneumonia, while  delirium  is  not  uncommon,  especially  at  night. 

About  the  fourth  to  the  fifth  day  the  typical  rash  appears,  which,  though 
easy  to  see  in  white  or  light-coloured  races,  is  very  difiicult  to  discern'in  dark- 
coloured  peoples.      There  are  generally  three  eruptions  :  first,   a  transient 
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erythema  ;  secondly,  a  macular,  measly  eruption,  which  becomes  more  or  less 
hsemorrhagic  ;  and  thirdly,  the  petechial  eruption  ;  but  it  may  safely  be  said 
that  the  first  will  only  be  rarely  seen  in  native  races,  and  the  second  may  also 
not  be  visible  if  poorly  marked,  while  the  third  is  known  to  be  absent  in  mild 
cases,  and  therefore  in  the  tropics  there  may  be  cases  in  native  races  in  which 
no  eruption  is  recorded.  Thus,  Husband  and  MacWalters  failed  to  find  it  in 
20  per  cent,  of  their  observations,  and  in  but  very  few  of  the  80  per  cent,  in 
which  some  rash  was  recorded  was  it  distinct,  and  therefore  could  easily  have 
been  overlooked.  It  appears  first  on  the  abdomen  or  chest,  and  quickly 
spreads  to  the  shoulders,  back,  and  extremities,  and  in  well-marked  cases 
will  cover  the  whole  body,  except  the  face,  palms,  and  soles.  The  typical 
rash  is  composed  of  maculee,  but  slightly  raised,  which  disappear  on  pressure, 
and  usually  become  haemorrhagic  after  a  couple  of  days.  A  petechial  eruption 
may  also  appear  somewhat  later,  but  is  often  wanting,  and  when  widespread 
is  an  indication  of  a  bad  prognosis.  A  miliary  eruption  may  appear  later  in 
the  attack,  and  be  followed  by  a  desquamation.  After  the  appearance  of  the 
eruption  the  leucocytosis  becomes  more  marked,  as  do  the  nervous  symptoms, 
the  patient  suffering  from  severe  delirium,  which  may  become  quite  violent  ; 
or  he  may  show  a.  stuporous  condition,  which  becomes  a  semi-coma,  and  in 
fatal  cases  deepens  into  a  profound  comatose  condition. 

About  the  eighth  or  ninth  day  a  pseudo-crisis  may  be  noticed,  and  later  the 
eruption  will  be  seen  to  fade  and  disappear,  when  the  spleen  also  becomes 
normal,  and  the  leucocytosis  becoming  more  marked,  the  skin  begins  to 
act  vigorously,  and  the  temperature  falls  by  crisis  on  the  tenth  to  the  twelfth 
day,  or  by  lysis  during  two  days,  to  normal,  and  convalescence  begins. 
Usually  recovery  is  quick,  relapses  being  extremely  rare.  Death  may  take 
place  during  the  first  week  or  about  the  tenth  day  from  toxEemia. 

Varieties. — All  cases  of  typhus  do  not  follow  the  typical  course,  for  mild, 
ambulatory,  and  abortive  cases  are  recorded,  as  are  also  malignant  attacks 
causing  death  on  the  second  or  third  day. 

Complications. — The  most  usual  complications  of  typhus  fever  are  bron- 
chitis and  broncho-pneumonia,  but  relapsing  fever,  typhoid,  and  acute  miliary 
tuberculosis  may  occur. 

Diagnosis. — The  important  diagnostic  signs  of  typhus  fever  are  the  leuco- 
cytosis, associated  with  the  rash,  and  the  extreme  nervous  prostration. 

Relapsing  fever  may  be  differentiated  by  finding  the  spirochaetes  in  the 
blood  and  by  the  relapse  ;  smallpox,  by  the  precursory  rashes,  the  fall  of 
temperature  when  the  true  rash  appears,  and  the  presence  of  the  eruption  on 
the  face  ;  measles,  by  Koplik's  spots,  the  coryza,  and  bronchitis  ;  cerebro- 
spinal meningitis,  by  the  retraction  of  the  head  and  Kernig's  sign  ;  pneumonia, 
by  the  rusty  sputum  and  the  physical  signs  ;  malaria,  by  the  presence  of  the 
typical  parasites  in  the  blood  ;  influenza,  by  the  absence  of  the  leucocytosis  ; 
and  plague,  by  the  discovery  of  the  bacilli  in  the  buboes  or  sputum. 

Prognosis. — The  case-mortality  is  variously  stated  as  being  from  10  to  50 
per  cent.  The  signs  indicative  of  serious  trouble  and  grave  prognosis  are  the 
absence  of  eosinophiles  in  the  blood,  decrease  in  the  number  of  the  mono- 
nuclears, slow  pulse,  severe  petechial  eruption  or  nervous  symptoms,  alco- 
holism, pulmonary  complaints,  meteorism,  gangrene,  and  cyanosis  of  the 
face. 

The  signs  indicative  of  a  hopeful  prognosis  are  an  increase  in  the  eosinophiles 
and  mononuclears,  and  the  absence  of  the  petechial  eruption  and  slight  nerve 
symptoms. 

Treatment. — The  patient  should  be  placed  in  an  airy,  well-lighted  room, 
sparsely  furnished,  and  placed  upon  a  diet  of  milk,  broths,  jellies,  etc.,  while 
plenty  of  water  is  allowed  to  be  drunk.  Careful  attention  and  nursing  are 
required,  especially  when  delirious.  The  temperature  should  be  controlled 
by  cool  sponging,  and  the  nervous  symptoms  by  ice  to  the  head,  hyoscin, 
bromides,  or  morphine,  while  the  heart  is  supported  by  hypodermic  injections 
of  strychnine,  digitalin,  etc.  . 

Propliylaxis. — The  disease  is  apparently  highly  contagious,  but  this  probably 
is  due  not  to  direct,  but  indirect  action,  through  blood-sucking  insects  ;  hence 
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f omites  are  dangerous,  as  are  bedding,  furniture,  etc.  All  rooms  should,  there- 
fore, be  carefully  cleaned,  and  special  attention  be  taken  to  kill  all  vermin, 
but  especially  bugs,  as  described  in  Chapter  XIX. 

PSITTACOSIS. 

Definition. — A  very  fatal  specific  epizootic  among  parrots,  which  is  capable 
of  spreading  to  man  and  causing  a  febrile  condition  resembling  typhoid  fever 
in  its  characters,  and  which  is  very  liable  to  be  compUcated  with  severe 
pneumonia. 

History.— Ritter,  in  1879,  was  the  first  to  suspect  that  there  was  a  connection 
between  small  epidemics  of  pneumonia  limited  to  certain  houses  and  an  illness 
among  parrots  in  the  same  houses.  In  1880  Eberth  obtained  large  numbers 
of  micrococci  from  the  bodies  of  grey  parrots.  Ritter's  observations  were 
confirmed  by  Ost  of  Berne,  in  1882,  and  by  Wagner  of  Leipsic,  in  1885. 
In  1892,  500  parrots  were  shipped  from  South  America  for  Paris,  but  no  less 
than  300  died  en  route  from  enteritis.  On  arrival  in  Paris  the  surviving  birds 
were  divided  into  two  lots,  and  sold  to  various  people,  with  a  result  that 
within  twenty-six  days  of  their  arrival  an  epidemic  of  psittacosis  broke  out, 
which  resulted  in  forty-nine  cases,  with  sixteen  deaths.  The  epidemic  was 
characterized  by  being  of  the  house  type,  by  which  is  meant  that  several 
persons  in  the  same  house  were  attacked  by  the  complaint. 

Smaller  epidemics  occurred  in  1893  and  1894,  s-^d  i°  the  same  year  Banti, 
Malenchini,  and  Palamidessi  reported  an  epidemic  in  Florence.  In  1895 
there  were  outbreaks  at  Prato,  Cologne,  and  Paris  ;  in  1897  at  Genoa  ;  in  1898 
at  Cologne  ;  in  1901  at  South  Elpidio,  Ancona,  and  Hull  ;  in  1904  at  New 
Hampshire,  one  of  the  Eastern  United  States  of  America. 

etiology. — -The  disease  is  apparently  due  to  a  bacillus  belonging  to  the 
paracoli  group,  first  isolated  from  the  wings  of  parrots  which  had  died  from 
the  disease  by  Nocard  in  1893,  and  subsequently  found  by  Gilbert  and  Fournier 
in  1897  ii  the  intestine  of  the  sick  birds,  and  also  in  the  heart-blood  of  a  man 
who  died  from  the  disease.  The  bacillus  in  question  appears  to  be  closely  re- 
lated to,  but  distinct  from,  the  Bacillus  typhosus  of  Eberth,  and  is  pathogenic 
for  parrots  and  other  birds.  It  is  possible  that  this  bacillus  exists  normally 
in  parrots,  and  only  becomes  pathogenic  under  circumstances  of  bad  hygiene, 
when  it  causes  an  enteritis.  The  feathers,  becoming  contaminated  with  fsecal 
matter,  are  cleaned  by  the  parrot  with  its  tongue  in  the  usual  way,  so  that  its 
mouth  and  bill  become  infected,  and  by  this  means  the  disease  is  spread  to 
persons  who  feed  or  caress  the  birds.  Very  rarely  the  disease  spreads  from 
man  to  man. 

Pathology. — In  parrots  the  disease  causes  a  very  fatal  form  of  enteritis. 
In  man  it  produces  a  septicaemia,  often  complicated  by  a  pneumonia,  brought 
about  as  a  rule  by  the  pneumococcus. 

The  post-mortem  reveals  lobular  pneumonia  in  the  lungs,  fatty  degeneration 
of  the  heart-muscle  and  liver,  enlargement  and  softening  of  the  spleen,  and 
congestion  of  the  kidneys,  with  swelling  of  the  tubular  epithelium. 

Symptomatology. — The  incubation  period  varies  from  seven  to  twelve  days, 
after  which  the  disease  may  begin  suddenly  with  a  chill,  but  "more  usually 
commences  insidiously,  like  typhoid  fever,  with  headache,  malaise,  etc.,  and 
a  rise  of  temperature  from  102°  F.  to  104°  F.,  with  a  pulse-rate  of  100  to  120  per 
minute,  quickened  respirations,  cough,  and  muco-purulent  expectoration. 
Rales  may  be  heard  over  the  lungs,  while  the  spleen  is  enlarged,  the  tongue 
dry  and  furred,  and  diarrhoea  or  constipation  may  be  present.  Rose-coloured 
spots  appear  on  the  skin,  and  the  patient  becomes  dull  and  stupid,  in  which 
condition  he  may  remain  for  several  days,  and  as  a  rule  will  recover  in 
about  fifteen  to  twenty  days  if  no  pneumonic  complication  intervenes.  If, 
however,  pneumonia  sets  in,  the  patient  becomes  much  worse,  and  as  a  rule 
dies. 

Diagnosis. — The  diagnosis  is  to  be  made  by  the  discovery  of  sick  parrots  in 
houses  in  which  people  are  suffering  from  typhoid-like  fevers  and  pneumonia. 
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Bacteriologically,  attempts  may  be  made  to  obtain  cultures  of  the  bacilli 
from  the  blood. 

Prognosis. — The  prognosis  is  grave  in  old  people  and  when  pneumonia  sets 
in,  the  mortality  being  stated  to  be  about  35  to  40  per  cent. 

Treatment. — The  treatment  must  be  conducted  on  the  lines  usually  laid 
down  for  typhoid  fever  and  pneumonia. 

Prophylaxis. — The  infected  parrots  appear  always  to  come  from  South 
America  ;  therefore  care  should  be  taken  that  only  healthy  birds  are  allowed 
to  be  shipped,  and  that  these  are  kept  in  good  hygienic  conditions  during  the 
voyage.  On  arrival  at  their  destination,  they  should  be  quarantined  for 
about  a  couple  of  weeks,  and,  if  found  to  be  infected,  should  be  destroyed, 
and  their  dead  bodies  and  cages  burnt.  The  places  in  which  they  were  kept 
should  also  be  thoroughly  disinfected.  Parrots  should  not  be  allowed  to  take 
food  out  of  peoples'  mouths,  and  should  always  be  kept  in  good  hygienic 
conditions. 
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SECTION    B 
GENERAL   DISEASES 

CHAPTER  XXXIV 

PARAGONIMIASIS,    KATAYAMA    DISEASE. 
AND    POROCEPHALOSIS 

Paragonimiasis — Katayama  disease — Porocephalosis — References. 

PARAGONIMIASIS. 

Synonyms. — Parasitic  Haemoptysis,  Pulmonary  Distomatosis,  En- 
demic Haemoptysis. 

Definition. — Paragonimiasis  is  a  chronic  or  subacute  general  or 
local  infection  of  man  by  means  of  Paragonimus  westermani 
Kerbert,  which  produces  cystic  lesions,  containing  a  thick,  opaque, 
reddish  fluid,  in  which  are  found  at  times  the  parasite  or  its  eggs. 

History. — ^The  history  of  the  discovery  of  the  parasite  in  the 
tiger  and  man  has  already  been  given  (p.  366) .  Its  connection  with 
disease  in  man  has  been  worked  out  by  Suga,  Baelz,  Manson,  Miura, 
Katsurada,  and  Musgrave,  the  last  observer  giving  the  most  complete 
account  of  the  disease  up  to  date. 

Climatology. — Paragonimiasis  is  found  principally  in  China, 
Corea,  Japan,  Formosa,  the  Philippine  Islands,  and  Sumatra. 

.ffitiology. — Paragonimus  westermani  occurs  in  the  cat,  the  dog,  and 
the  pig,  but  how  it  infects  man  is  quite  unknown.  The  path  of 
entry  into  the  human  body  is  believed  to  be  through  the  alimentary 
canal  in  food  or  drink,  and  thence  to  different  parts  of  the  body  by 
means  of  the  lymphatics ;  but  this  has  not  been  proved,  and  other 
routes  are  therefore  by  no  means  impossible.  It  appears  to  be  more 
common  in  males  than  in  females. 

Pathology. — The  pathology  of  the  disease  is  by  no  means  clear 
and  how  the  various  pathological  changes  are  evolved  is  unknown. 

Musgrave  has  classified  the  lesions  into  : 

1.  The  non-suppurating  lesion. 

2.  The  tubercle-like  lesion. 

3.  The  suppurating  lesion. 

4.  The  ulcerative  lesion — 
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(a)  in  the  skin ; 

(6)  in  the  bronchial  mucosa  ; 

(c)  in  the  intestinal  mucosa  ; 

(d)  in  the  bile-duct. 

The  simplest  lesion  appears  to  be  an  infiltration  of  the  connective 
tissue  of  an  organ  with  eggs,  without  any  histological  changes  at 
first,  but  later  with  a  proliferation  of  the  connective  tissue  and  the 
formation  of  a  cirrhosis  or  a  round-celled  infiltration,  with  some- 
times many  eosinophiles,  which  may  lead  to  abscess-formation, 
and  finally  to  ulceration.  The  abscess-formation  may  at  times 
produce  caseous  material,  giving  a  tubercular  appearance. 

The  non-suppurating  lesion  may  therefore  be  simple  infiltration 
of  the  tissue  by  eggs,  with  or  without  inflammation.  On  the  other 
.  hand,  cirrhotic  changes  may  be  seen,  especially  in  the  liver.  In 
serous  membranes  an  adhesive  inflammation  is  often  produced, 
associated  with  the  presence  of  eggs  in  brown  patches  at  the  points 
of.  contact. 

The  inflammation  of  the  organ  may,  however,  proceed  to  pus- 
formation,  resulting  in  a  typical  abscess.  On  the  other  hand,  the 
tissues  generally  attempt  to  circumscribe  this  abscess  by  a  fibrous 
wall,  and  thus  produce  what  is  called  the  typical  lesion  of  the 
disease.  In  the  centre  of  the  abscess  will  be  seen  degenerated 
cells,  blood,  eggs,  and  perhaps  a  parasite.  Then  comes  a  capsular 
wall  of  fibrous  connective  tissue,  smooth  towards  the  centre,  and 
joining  the  rest  of  the  organ  externally.  Around  this  wall  the 
connective-tissue  of  the  organ  is  proliferating  and  congested.  In 
this  way  the  typical  Httle  cysts,  with  dull  blue-grey  walls,  smooth 
internally,  and  containing  a  thick,  reddish  fluid,  with  or  without 
eggs  or  a  parasite,  are  formed.  These  lesions  may  work  their  way 
to  a  cutaneous  or  mucous  surface,  and  so  open  into  a  bronchus, 
or  into  the  intestine,  or  the  bile-duct,  or  on  to  the  skin,  thus  giving 
rise  to  ulcers  in  those  regions.  The  intestinal  ulcers  closely  re- 
semble dysenteric  ulcers,  and,  indeed,  may  become  secondarily 
infected  with  amoebae  or  bacteria. 

In  course  of  time  these  lesions  may  show  some  attempt  at  healing 
and  scar-formation,  but  generally  this  is  not  very  successful. 

Morbid  Anatomy. — The  body  may  be  well  nourished,  but  more 
usually  is  emaciated  and  anaemic.  Ulcers  can  be  seen  at  times  in 
the  axillae  and  groin,  leading  into  diseased  glands.  The  muscles 
may  contain  abscesses.  The  pleura,  pericardium,  peritoneum,  and 
more  rarely  the  meninges,  show  the  chronic  inflammations  and  the 
non-suppurative  lesions  mentioned  above.  The  lesions  found  in 
the  lungs  are  diffuse  cirrhosis,  bronchiectatic  cavities,  pneumonia, 
and  caseous  abscesses,  while  those  of  the  liver  are  cirrhosis,  peri- 
hepatitis, and  abscess-formation.  The  typical  lesions  mentioned 
above  may  be  found  in  the  spleen,  pancreas,  small  and  large  intes- 
tines, kidneys,  bladder,  epididymis,  prostate,  and  in  the  choroid 
plexus  of  the  brain. 
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Symptomatology. — As  the  invasion  of  the  body  is  so  generalized, 
the  symptoms  are  very  varied.  Musgrave  differentiates  four 
varieties — the  generalized,  the  thoracic,  abdominal,  and  cerebral ; 
but  there  is  nothing  very  characteristic  about  any  of  these  types. 

In  ihe  generalized  type  there  may  be  fever,  enlarged  lymphatic 
glands,  general  muscular  pains,  and  ulceration  of  the  skin. 

In  the  thoracic  type  there  will  be  cough,  with  the  expectoration 
of  purulent  or,  more  generally,  blood-stained  sputum,  in  which 
the  eggs  may  be  best  seen  by  the  addition  of  a  little  o-i  per  cent, 
solution  of  sulphuric  acid.  More  rarely  an  adult  parasite  appears 
in  the  sputum,  which  also  may  contain  Charcot-Leyden  and  crea- 
tinin  crystals.  The  patient  generally  complains  of  pain  in  some 
part  of  the  chest.  The  physical  signs  may  indicate  broncho- 
pneumonia or  pleural  effusion,  which  may  be  serous  or  purulent. 

In  the  abdominal  form  of  the  disease  there  are  only  the  vaguest 
symptoms  of  dull,  aching  pains  and  tenderness,  while  diarrhoea, 
appendicitis,  epididymitis,  or  cirrhosis  of  the  liver,  may  be  demon- 
strated by  the  usual  physical  signs  and  symptoms.  When  diarrhoea 
occurs,  the  eggs  may  be  found  in  the  faeces. 

The  cerebral  type  is  associated  with  epilepsy,  which  may  be 
Jacksonian  in  character,  while  neuritis  or  paralysis  may  also  be 
present. 

The  blood  and  urine  have  not  yet  been  fully  examined.  Though 
generally  chronic,  the  course  may  be  acute  if  complicated  by  septic 
or  other  diseases. 

Complications. — ^The  most  usual  complications  are  tuberculosis 
and  entamoebic  dysentery. 

Diagnosis. — With  the  above  symptomatology,  it  wiU  be  obvious 
that  the  diagnosis  depends  entirely  upon  finding  the  eggs  of  the 
parasite  in  the  sputum,  the  faeces,  the  scrapings  from  the  ulcers, 
or  the  fluids  obtained  by  puncture  of  a  hydro-  or  pyothorax. 
Suspicions  as  to  the  presence  of  the  disease  will  be  strongest  when 
cases  showing  any  of  the  above  signs  occur  in  the  endemic  area. 

Treatment. — ^The  treatment  must  be  devoted  to  relieving  indi- 
vidual symptoms,  but  Musgrave  recommends  treatment  by  iodide 
of  potash.     Removal  from  the  endemic  area  is,  of  course,  indicated. 

Prophylaxis. — Beyond  general  hygienic  advice,  it  is  impossible 
to  indicate  prophylactic  measures,  when  so  little  is  known  about  the 
life-history  of  the  parasite. 

KATAYAMA  DISEASE. 

Definition. — Katayama  disease  is  caused  by  Schistosomum 
japonicum  Katsurada  1904,  and  is  characterized  by  diarrhoea  and 
dysenteric  symptoms,  painful  enlargement  of  the  liver  and  spleen, 
with  or  without  fever,  dropsy,  progressive  anaemia,  and  sometimes 
pulmonary  and  brain  symptoms. 

History. — In  1887  Mazimi  drew  attention  to  a  peculiar  form  of 
cirrhosis  of  the  liver  which  was  found  in  certain  districts  in  Japan, 
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and  was  caused  by  the  ova  of  some  unknown  parasite.  His  dis- 
covery was  confirmed,  and  the  ova  were  found  in  other  organs 
besides  the  liver ;  and  the  disease,  which  became  well  known 
among  Japanese  medical  men,  was  named  '  Katayama  disease,'  from 
a  town  in  Bingo,  one  of  the  districts  in  which  it  is  common. 
In  1904  Katsurada,  who  was  resident  in  the  infected  area,  dis- 
covered that  the  ova  were  those  of  a  Schistosomum,  and,  further, 
found  the  adults  in  the  portal  vein  of  a  cat.  He  therefore  named 
the  parasite  Schistosomum  japonicum.  In  the  same  year  Fujinami 
discovered  a  female  worm  in  a  human  being.  Meanwhile  Catto 
found  the  same  parasite  in  a  Chinaman  from  Fuki«n,  and  described 
it  in  1905,  and  in  the  same  year  Stiles  and  Looss  gave  accounts  of 
the  disease.  In  igo6  Woolley,  in  a  most  excellent  paper,  described 
its  occurrence  in  the  Philippine  Islands.  Logan  has  found  it  in  a 
Chinaman  from  Hunan,  and  in  1909  Peake  recorded  three  cases 
from  a  small  town  on  the  Siang  River,  in  the  Hunan  province  of 
Central  China. 

Climatology. — It  occurs  in  Japan  and  China  :  in  the  former  in 
the  provinces  of  Bingo,  Yamanashi,  Hiroshima,  and  Saga  ;  while 
in  the  latter  it  is  reported  up  to  date  from  Hunan  and  Fukien. 

etiology. — ^The  cause  of  the  disease  is  Schistosomum  japonicum, 
which  is  probably  introduced  into  the  body,  either  through  the  skin  or 
by  the  mouth,  in  water  polluted  by  human  faecal  matter.  Several  ob- 
servers favour  the  idea  of  entry  through  the  skin  of  the  legs  while 
standing  in  stagnant  water,  but  nothing  is  definitely  known. 

Pathology. — ^By  some  observers  the  parasites  are  supposed  to 
feed  on  the  blood,  and  by  others  to  produce  toxins  which  cause  the 
progressive  anaemia.  The  eggs  apparently  are  spread  through 
the  body  by  the  blood-stream,  and  lodge  as  emboli  in  the  organs, 
more  especially  in  the  ahmentary  canal  and  liver,  where  they  give 
rise  to  a  round-celled  infiltration  and  connective-tissue  formation 
resembling  bilharziosis,  and  cause  hsemorrhagic  enteritis  and 
cirrhosis  of  the  liver  and  spleen. 

Morbid  Anatomy. — On  opening  the  abdomen,  signs  of  old  peri- 
tonitis may  be  seen,  the  appendices  epiploicse  being  matted  together, 
and  at  times  there  are  also  signs  of  old  pelvic  peritonitis.  The 
liver  is  cirrhotic  and  less  than  its  normal  size,  and  its  surface  is 
studded  by  nodules,  usually  larger  than  those  of  alcoholic  atrophic 
cirrhosis.  Glisson's  capsule  is  thickened,  and  shows  much  connec- 
tive tissue,  with  round-celled  infiltration,  in  which  lie  the  ova  of 
the  worm. 

The  small  and  large  intestines  and  appendix  may  be  thickened, 
and  their  mucosa  is  swollen  and  hyperaemic,  and  shows  patches  of 
ulceration  and  necrosis,  and,  in  addition,  papillomata,  resembhng 
those  of  bilharziosis.  The  eggs  may  also  be  found  in  the  mesen- 
tery and  in  the  mesenteric  glands,  the  wall  of  the  gall-bladder,  the 
pancreas,  the  walls  of  the  mesenteric  vessels,  and  the  pylorus.  The 
adult  worms  may  be  found  in  some  of  the  veins  of  the  portal  system, 
especially  at  the  bifurcations  of  the  smaller  mesenteric  vessels. 
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In  addition,  the  eggs  may  be  found  in  fibrous  and  round-celled 
infiltrations  in  the  lungs  and  in  the  brain.  This  infiltration  often 
takes  the  form  of  nodules. 

Symptomatology.— The  disease  usually  begins  with  diarrhoea  or 
dysenteric  symptoms,  with  or  without  fever,  and  is  recognized  by 
the  presence  of  the  ova  in  the  faeces.  Associated  with  these  symp- 
toms are  abdominal  pains,  enlargement  and  tenderness  of  the  liver, 
the  hypogastrium  shrinking,  and  the  epigastrium  enlarging  and 
giving  rise  to  a  characteristic  abdominal  appearance.  At  the 
same  time  the  dysenteric  symptoms  cease,  and  an  irregular  chronic 
diarrhoea  sets  in,  with  motions  containing  much  undigested  food, 
and  associated  with  dyspepsia. 

In  course  of  time  the  preliminary  enlargement  of  the  liver 
may  cease,  and  the  organ  may  begin  to  shrink,  but  in  any  case  the 
spleen  becomes  tender  and  enlarges,  ascites  appears,  and  the 
patient  becomes  steadily  weaker,  more  and  more  anaemic,  emaciated, 
and  incapable  of  mental  or  physical  work.  The  average  of  three 
differential  blood-counts  by  Peake  is  as  follows :  Polymorpho- 
nuclears, 56-5  per  cent.  ;  mononuclears,  13-2  per  cent.  ;  lympho- 
cytes, 15-6  per  cent.  ;  eosinophiles,  14-1  per  cent.  Attacks  of  fever 
may  occur  nightly,  otherwise  the  temperature  may  be  subnormal. 
The  vascular,  respiratory,  nervous,  and  urinary  systems  are  usually 
normal.  If,  however,  the  ova  affect  the  lungs,  there  may  be  signs 
of  bronchitis,  broncho-pneumonia,  and  fibrosis ;  and  if  the  brain, 
those  of  Jacksonian  epilepsy.  In  children  the  development  is 
stunted.  Death  may  result  directly  from  the  action  of  the  parasite, 
or  be  due  to  some  intercurrent  disease. 

Complications. — ^The  infection  is  generally  complicated  by  the 
presence  of  Trichuris  trichiura,  Agchylostoma  duodenale  or  Necator 
americanus,  and  Ascaris  lumbricoides.  Dysentery  is  a  complica- 
tion which  may  occur  and  kill  the  patient. 

Diagnosis. — The  characteristic  signs  are  chronic  painful  enlarge- 
ment of  the  liver  and  spleen,  associated  with  ascites  and  chronic 
irregular  diarrhoea,  and  marked  eosinophilia,  but  a  definite  diag- 
nosis is  to  be  effected  by  finding  the  ova  in  the  faeces.  These  ova 
are  large  (o"i  by  0^07  millimetre),  oval,  non-operculated,  non-spined, 
smooth,  and  transparent,  with  a  double  contour  sometimes  showing 
a  Miracidium,  and  when  kept  in  water  for  a  short  time  give  rise 
to  a  free-swimming  ciliated  Miracidium. 

Prognosis. — ^The  prognosis  is  very  bad,  as  the  parasite  directly 
or  indirectly  leads  to  the  death  of  the  patient.  The  mortality  is 
not  known,  but  Katsurada  met  with  between  thirty  to  fifty-four  cases 
every  year  for  five  years  in  the  infected  area  in  Japan,  and  saw 
three  to  five  deaths  per  annum,  which  he  considered  directly  due 
to  the  parasite — i.e.,  a  mortality  of  about  10  per  cent. — but  he 
thinks  that  the  indirect  mortality  would  raise  the  percentage 
considerably. 

Treatment. — ^The  only  treatment  that  cai»,be  suggested  is  to 
follow  the  example  of  the  treatment  in  biffiarziosis  and  intestinal 
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schistosomiasis,  and  administer  Filix  mas  and  treat  the  dysenteric 
or  diarrhoeal  symptoms. 

Prophylaxis,— Until  the  method  of  invasion  of  the  parasite  is 
known,  not  much  can  be  said  under  this  heading,  except  to  avoid 
contammated  water  in  drinking  and  bathing— j.e.,  to  use  boiled 
water  in  infected  areas  for  both  purposes. 

POROCEPHALOSIS. 

Definition.— Porocephalosis  is  the  invasion  of  the  body  by  the 
larvas  of  Porocephalus  armillatus  Wyman  1848  and  P.  moniliformis 
Diesing  1836,  which  become  encysted  in  the  liver  and  lungs,  and 
ultimately  develop  into  nymphae,  which  may,  by  their  wanderings, 
cause  inflammation  of  organs  and  serous  membranes. 

History. — P.  armillatus  was  first  found  in  man  by  Pruner  in 
1846,  and  has  since  been  studied  by  BUharz,  Fenger,  Aitken, 
Giard,  Broden  and  Rodhain,  Button  and  Todd,  and  ourselves. 
P-  moniliformis  has  been  met  with  in  Asia  by  Salm,  in  Java. 

Climatology. — P.  armillatus  is  confined  to  Africa,  being  met  with 
in  negroes  resident  or  who  have  resided  therein.  It  has  been  re- 
ported from  Egypt  and  various  parts  of  the  West  Coast  of  Africa, 
but  especially  from  the  Congo. 

With  regard  to  P.  moniliformis,  it  occurs  in  Java  and  the  Philip- 
pine Islands.  Welch  described  a  peculiar  parasite  as  occurring  in 
the  mucosa  of  the  intestine  of  a  man  in  India  which  he  considered 
to  be  an  Echinorhynchus,  but  which,  judging  from  the  drawing, 
might  well  be  a  Porocephalus. 

Etiology. — -The  adults  of  both  P.  armillatus  and  P.  moniliformis 
live  in  the  nasal  cavities  and  lungs  of  pythons  and  snakes,  and 
though  the  life-history  is  as  yet  unknown,  it  is  quite  possible  that 
Sambon's  suggestion  that  the  ova  pass  into  the  drinking-water, 
and  so  to  man,  may  be  correct.  It  is  possible  that  the  eggs  hatch 
in  the  alimentary  canal,  and  that  the  larvae  then  pass  into  the 
organs. 

Pathology. — ^The  larvae  are  found  lying  coiled  in  cysts  in  the 
liver  and  lungs.  In  due  course  these  larvse  become  nymphae, 
which  leave  the  cysts  and  wander  through  the  body,  appearing  in 
the  lungs  and  bronchi,  causing  bronchitis  and  broncho-pneumonia  ; 
in  the  peritoneal  cavity,  causing  peritonitis  ;  in  the  bowels,  causing 
irritation.  Perhaps  they  leave  the  body  by  the  faces;  perhaps, 
also,  by  the  sputimi  ;  but  in  any  case  they  cause  serious  illness  in, 
and  death  of,  the  victim. 

Morbid  Anatomy. — In  opening  the  abdomen,  the  nymphas  may 
be  found  quite  free  in  the  peritoneal  cavity,  and  may  crawl  up  the 
hands  and  arms  of  the  pathologist.  They  may  also  be  found  in 
the  lumen  of  the  alimentary  canal,  in  the  mucosae,  and  thickness  of 
the  wall  of  the  bowel.  The  larva  may  be  seen  encysted  in  the  liver 
and  lungs.  :,  .^ 

In  the  cysts  they  li¥l-n  a-  curved  position,  with  the  ventral  surface 
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on  the  outer  aspect  of  the  curve.  The  lungs  show  signs  of  bron- 
chitis and  pneumonia,  and  the  peritoneum  is  usually  chronically 
inflamed,  but  not  always. 

Symptomatology. — Very  little  is  known  with  regard  to  the 
symptomatology,  as  all  the  cases  have  so  far  been  discovered 
accidentally  post  mortem.  The  symptoms  are  vague  pains  in  the 
abdomen  and  chest,  and  fever,  with  occasionally  signs  of  mild 
peritonitis,  hepatitis,  bronchitis,  or  lobular  pneumonia. 

Diagnosis. — Unless  the  parasites  can  be  found  in  either  sputum 
or  faeces,  the  diagnosis  is  not  possible. 

Prognosis. — The  disease  is  occasionally  chronic.  The  prognosis 
is  serious. 

Treatment. — ^There  is  no  known  treatment. 

Prophylaxis. — If  the  drinking-water  is  boiled  or  filtered,  there 
ought  to  be  no  danger  of  infection. 
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CHAPTER  XXXV 
THE   FILARIASES 

Synonyms — Definition — Filariasis  caused  by  Filaria  bancrofti  Cobbold  1877 

History — Climatology — Etiology — Pathology — Clinical  d  escription  — 
Filarial  lymphangitis— Filarial  orchitis  and  hydrocele— Lymphatic 
varix — Varicose  lymphatic  glands— Chylous  efiEusions— Elephantiasis- 
Rarer  affections — Filariasis  caused  by  other  Filaridte — References. 

Synonyms.— Filarial  Disease,  Filariose,  Maladies  filariennes,  Filaria 
Krankheit,  Filariasi. 

Definition. — Filariasis  is  a  term  denoting  the  infection  of  man 
or  animals  by  any  species  of  Filaria — e.g.,  Filaria  bancrofti  Cobbold 
1877,  F.  medinensis  Linnaeus  1758,  F.  loa  Guyot  1778,  F.  volvulus 
Leuckart  1893,  and  many  others. 

FILARIASIS  CAUSED  BY  FILARIA  BANCROFTI  Cobbold  1877. . 

The  diseases  produced  in  man  by  F.  bancrofti  Cobbold  1877 
include  lymphangitis,  orchitis,  varix  in  lymphatics  and  lymphatic 
glands,  chylous  extravasations,  and  elephantiasis. 

History, — The  appearance  of  the  huge  leg  of  elephantiasis  is  so  striking 
that  it  was  early  noticed  by  ancient  Indian  writers,  who  give  descriptions  of 
diseases  which  clearly  refer  to  elephantiasis  of  the  leg  and  of  the  scrotum, 
and  also  less  clearly  to  lymph  scrotum.  Further,  they  appear  to  have  known 
that  elephantiasis  .could  affect  the  hands  and  other  parts  of  the  body. 

The  word  '  elephantiasis  '  was  first  used  by  Celsus  to  indicate  leprosy, 
and  in  this  he  was  followed  by  most  writers  until  Galen,  who  included  true 
elephantiasis  under  the  same  term,  an  error  which  became  firmly  established 
as  time  passed.  In  the  ninth  and  tenth  centuries  Rhazes  and  Avicenna, 
and  other  Arabian  physicians,  described  true  elephantiasis  of  the  leg 
under  the  term  '  da-fil  '  or  '  dau-ool-fil,'  or  elephantine  disease,  which, 
however,  only  served  to  make  the  confusion  between  the  two  diseases  more 
complete.  In  the  seventeenth  century  Leonicenus  and  Varandaeus  pointed 
out  that  they  were  two  distinct  clinical  entities,  and  in  1 709  Clarke  described 
elephantiasis  on  the  Malabar  coast  of  India,  under  the  term  '  Cochin  leg.' 
In  1712  Kaempfer  described  endemic  hydrocele,  under  the  term  '  andrum,' 
as  occurring  in  India,  and  being  associated  with  erysipelatous  eruptions 
on  the  scrotum,  which  recurred  at  the  time  of  the  new  moon.  He  also  de- 
scribed a  large  foot  under  the  term  '  perical,'  but  his  description  agrees  more 
with  Madura-foot  than  with  elephantiasis,  though  it  is  probable  that  he  was 
confusing  both  diseases   under  the  same  term.     In    1750  Hillary,   a  most 

815 


8i6  THE  FILARIASES 

careful  and  skilled  observer,  gave  the  first  full  and  accurate  account  of  the 
evolution  of  the  large  leg  of  elephantiasis,  which  he  clearly  difierentiates 
from  true  leprosy,  describing  the  successive  attacks  of  fever,  the  lymphangitis 
and  lymphadenitis,  and  the  swelling  of  the  hmb,  which,  gradually  becoming 
permanent  and  slowly  increasing,  produces  the  well-known  condition. 

He  was  ably  supported  in  1784  by  Hendy,  who,  in  a  subsequent  treatise 
in  1789,  gave  the  first  full  account  we  have  been  able  to  trace  of  the  develop- 
ment of  elephantiasis  of  the  scrotum,  which  he  clearly  recognized  to  be  the 
same  disease  as  that  affecting  the  legs.  He  describes  and  figures  an  elephan- 
tiasis of  the  scrotum  24  inches  in  height  and  6  feet  in  circumference  at  its 
base,  and  he  further  notes  cases  of  spontaneous  cure  by  sloughing.  In  1809, 
and  again  in  1824,  Alard  wrote  most  excellent  treatises  on  the  elephantiasis 
of  the  Arabs. 

In  18 12  Chapotin  was  the  first  to  describe  haematochyluria  in  Mauritius,  and 
he  was  followed  by  Salese  in  1832,  whose  paper  aroused  so  much  interest 
in  Brazil,  where  the  disease  had  for  long  been  well  known,  that  in  1835  a 
conference  on  the  subject  was  held  in  Rio  de  Janeiro,  after  which  there  were 
many  investigations,  among  which  may  be  mentioned  those  of  Rayer  in  1838, 
Quevenne  in  1839,  Sigaud  in  1844,  and  Mozae-Azema  in  1858,  the  last-named 
observer  reporting  it  in  Reunion.  In  1854  Jamsetjee  described  lymph 
scrotum.  The  result  of  all  this  work  was  to  produce  a  consensus  of  opinion 
among  Brazilian,  French,  and  Indian  physicians  that  haematochyluria  and 
elephantiasis  were  merely  different  aspects  of  the  same  disease,  and  at  the 
same  time  the  classical  researches  of  Danielssen  and  Boeck  in  1848  on  leprosy, 
and  of  V.  Carter  in  i860  on  mycetoma,  ended  the  confusion  of  these  two 
diseases  with  elephantiasis. 

In  1863  Demarquay,  in  Paris,  discovered  a  Microfilaria  in  the  fluid  from  a 
hydrocele  in  a  person  who  had  come  from  Havana,  but  this  discovery  passed 
unnoticed  at  the  time.  In  1866  Wucherer,  stimulated  by  the  discovery  of 
Schistosomum  hamatobium  in  haematuria  in  Egypt,  found  a  Microfilaria  in 
the  urine  of  a  case  of  haematuria  in  Brazil,  but  at  first  thought  it  to  be  of  no 
importance  ;  but  when,  after  two  years  of  careful  work,  he  regularly  found  the 
same  small  worm  in  the  urine  of  persons  suffering  from  hsematochyluria,  he 
published  his  discovery  in  1868,  in  the  same  year  in  which  Lewis  independently 
.  found  the  same  parasite  in  the  urine  of  a  case  of  chyluria  in  India.  Lewis 
also  found  the  same  small  worm  in  the  blood  and  lymph  of  persons  suffering 
from  elephantiasis  of  the  leg,  and  concluded  that  it  was  the  cause  of  the 
chyluria  and  the  elephantiasis.  In  1876  Winckel  found  the  same  small 
parasite  in  the  fluid  from  a  case  of  chylous  ascites.  . 

In  1876-77  Bancroft  discovered  adult  female  worms  in  a  lymphatic  abscess 
in  the  arm,  and  in  a  hydrocele  of  the  cord,  and  these  worms  were  later  de- 
scribed by  Cobbold,  who  gave  them  the  name  Filaria  bancrofti.  About  the 
same  time  Manson  found  the  Microfilaria  in  the  lymph  from  the  enlarged 
lymphatics  of  a  lymph  scrotum  and  from  varicose  lymphatic  glands,  and 
suspected  that  the  so-called  malarial  orchitis  must  be  of  filarial  origin.  He 
also  obtained  a  female  worm  from  a  case  of  elephantiasis  of  the  scrotum, 
and  in  1879  Lewis  found  pieces  of  male  and  female  worms  ;  while  in  1888 
Sibthorpe  obtained  perfect  specimens  of  a  male  and  female  from  a  lymph 
scrotum,  the  former  being  described  by  Bourne.  Lastly,  in  1898  Maitland 
drew  attention  to  the  occurrence  of  synovitis  in  cases  of  filariasis,  which  he 
considered  could  not  be  looked  upon  as  accidental,  and  must  be  considered 
to  be  of  filarial  origin,  but  this  view  cannot  be  considered  to  be  proved. 

In  this  way  arose  the  knowledge  that  the  causation  of  a  form  of  lym- 
phangitis, of  lymphatic  abscesses,  of  varices  of  lymphatics,  and  of  lymph 
glands,  of  haematochyluria,  of  chylous  extravasations,  and  of  elephantiasis, 
was  the  invasion  of  the  body  by  Filaria  bancrofti  Cobbold  1877. 

In  the  meanwhile  the  epoch-making  discovery  of  the  agency  of  the  mos- 
quito in  the  dissemination  of  Filaria  bancrofti  was  made  by  Manson  in  1878, 
as  well  as  the  periodicity  of  the  Microfilaria,  which  only  appear  in  the  blood 
in  large  numbers  at  night,  and  in  1899  he  discovered  that  they  retire  to  the 
vessels  of  the  lungs  during  the  day.     Low,  Grassi,  Noe  and  Fiilleborn,  have 
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supplied  the  information  as  to  the  method  by  which  the  Filaria  escapes  from 
the  mosquito  iand  enters  man  during  the  act  of  biting.  While,  therefore 
much  has  been  done  to  elucidate  the  nature  of  the  lesions  due  to  the  worm' 
researches  are  still  required  with  regard  to  the  method  by  which  the  worms 
produce  the  various  pathological  phenomena  attributed  to  them,  especially 
elephantiasis,  and  the  role  of  a  secondary  bacterial  infection  in  the  production 
of  the  lymphangitis,  abscesses,  and  elephantiasis. 

The  morbid  anatomy  has  been  investigated  by  but  few  observers,  notably 
by  Mackenzie,  Manson,  and  Young. 

Climatology.— The  fact  that  ancient  Indian  writers  were  ac- 
quainted with  elephantiasis  of  the  leg  and  scrotum,  while  Celsus 
does  not  appear  to  have  known  the  disease,  and  the  further  fact, 
mentioned  by  both  Hillary  and  Hendy,  that  elephantiasis  was  rare 
in  Barbadoes  at  the  beginning  of  the  eighteenth  century,  together 
with  Hillary's  views  that  the  disease  was  introduced  into  that 
island  by  negro  slaves  from  Africa,  awaken  suspicions  that  the 
end.emic  home  of  filariasis  is  Asia,  and  that  it  has  spread  from  thence 
to  Africa,  and  from  Africa  to  America.  If  this  gradual  dissemina- 
tion of  filariasis  is  correct,  it  may  explain  many  features  of  the 
epidemiology  which  are  difficult  at  the  present  time  to  comprehend. 

Be  this  as  it  may,  filariasis  is  now  widely  distributed  throughout 
the  tropics  and  the  subtropics,  extending  from  35°  N.  to  25°  S.  in 
the  Eastern  Hemisphere,  and  from  25°  N.  to  30°  S.  in  the  Western 
Hemisphere. 

In  Asia  it  is  known  in  Arabia,  India,  Ceylon,  Burma,  Indo-China, 
China,  and  Japan.  There  was,  however,  some  doubt  concerning  the 
Philippine  Islands,  for  Ashburn  and  Craig,  in  their  description  of 
Filaria  philippinensis,  state  that  filariasis  is  rare  in  those  islands,  and 
that  '  previous  descriptions  of  filaricB  observed  in  natives  contain 
nothing  which  would  exclude  the  possibility  that  the  observers  might 
have  been  dealing  with  F.  philippinensis.'  They  leave  the  reader 
with  the  impression  that  F.  philippinensis  is  non-pathogenic,  but 
they  do  not  make  any  statement  on  the  question  of  pathogenesis. 
Phelan  and  Nichols,  however,  found  it  once  in  a  case  of  filariasis. 
Calvert  reported  cases  of  filariasis  from  Luzon,  but  Wherry  and 
McDill  say  that  chyluria  and  chylocele  are  rare,  and  elephantiasis 
is  absent.  Recently,  however,  Phelan  and  Nichols  have  demon- 
strated that  filariasis  is  common  in  the  Philippine  Islands,  and 
that  F.  bancrofti  is  the  most  commonly  observed  filaria. 

It  is  known  in  Australasia,  especially  in  Queensland,  and  in 
Oceania,  especially  in  Samoa  and  the  Friendly  Islands,  but  is  absent 
in  the  Sandwich  Islands. ' 

In  America  it  occurs  in  the  Southern  United  States,  in  Central 
America,  the  West  Indies,  in  Guiana,  Venezuela,  Brazil,  Peru,  and 
Columbia. 

In  Africa  it  is  common  on  the  West  Coast,  in  South  Africa,  East 
Africa,  Madagascar,  Reunion,  Mauritius,  and  Egypt. 

In  Europe  it  is  said  to  exist  near  Barcelona  and  in  Turkey. 

In  these  countries  its  distribution  is  unequal,  being  in  general 
more  common  along  sea-coasts  and  the  banks  of  large  rivers,  but 
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presenting  peculiar  circumscribed  endemic  areas.  Thus,  Daniels 
points  out  that  in  the  Shire  Highlands  filariasis  and  elephantiasis 
are  only  found  in  immigrants,  while  along  the  lower  Shire  River 
both  are  common. 

Still  more  interesting  is  his  observation  that  at  the  southern  end 
of  Lake  Nyassa  there  was  only  one  case  of  filariasis  met  with,  and 
none  of  elephantiasis,  while  at  the  northern  extremity  both  were 
frequently  seen. 

The  distribution  must  depend  upon  the  presence  or  absence  of 
mosquitoes  capable  of  disseminating  the  worm,  but  this  aspect  of 
the  epidemiology  still  requires  a  considerable  amount  of  research ; 
further,  the  distribution  of  the  suitable  mosquitoes  must  depend 
upon  many  factors  concerning  which  we  are  quite  ignorant.  When 
these  conditions  are  better  understood,  the  climatology  will  be 
rendered  more  explicable. 

Two  atmospheric  conditions — viz.,  high  air-teihperature  and  con- 
siderable atmospheric  humidity^ — have  long  been  known  to  be 
associated  with  the  prevalence  of  filariasis  and  elephantiasis,  and 
the  reason  of  this  has  recently  been  explained  by  Fiillebom's 
experiments  on  the  dog  Filaria.  This  observer  found,  as  the  result 
of  most  careful  experiments,  that  the  Filaria  developed  better  in 
mosquitoes  if  the  air-temperature  was  high,  and  in  that  respect 
resembled  the  malarial  parasite  ;  and,  further,  that  at  high  tempera- 
tures the  Filarice  are  able  to  leave  the  proboscis  more  easily,  and  to 
penetrate  the  skin  more  quickly  than  at  a  low  temperature. 

Further,  the  moisture  in  the  air  is  of  importance,  as  the 
Filaria  passes  from  the  proboscis  on  to  the  skin,  and  either  makes 
its  own  way  through  this  into  the  tissues,  or  enters  the  aperture  of 
the  mosquito's  bite  after  it  has  withdrawn  its  stilettes,  and,  there- 
fore, has  to  be  some  time  in  contact  with  the  skin,  which,  if  dry, 
will  have  a  harmful  effect  upon  it,  but  if  moist,  will  not  be  injurious 
to  it. 

etiology. — ^The  causation  of  the  various  pathological  pheno- 
mena mentioned  above  is  F.  hancrofti  Cobbold  1877,  introduced  into 
the  body  by  the  bite  of  a  mosquito. 

The  known  carriers  of  the  worm,  as  given  by  Theobald,  are  Culex 
fatigans  Wiedemann  1828,  Mansonia  uniformis  Theobald  1901, 
M.  pseudotitillans  Theobald,  Pyretophorus  costalis  Loew  1866, 
Myzomia  rossii  Giles  1899,  Myzorhynchus  nigerrimus  Giles,  M. 
minutus  Theobald  1903,  Cellia  albimana  Wiedemann  1821,  while  the 
worm  is  known  to  be  capable  of  undergoing  a  part  of  its  development 
in  certain  other  mosquitoes  already  mentioned  in  Chapter  XVI. 

The  reason  of  non-completion  of  full  development  in  any  and  every 
mosquito  is  not  known. 

After  development  in  the  thoracic  muscles  of  the  mosquito  the 
embryo  passes  into  the  labium,  and  when  the  mosquito  bites  it 
works  its  way  through  Button's  membrane  on  to  the  skin,  its  passage 
being  favoured,  according  to  Fiilleborn,  by  high  air-temperatures 
and  moist  conditions  of  the  skin.     Arrived  on  the  skin,  it  may  work 
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its  own  way  into  the  body  through  the  skin  like  an  Agchylostome 
embryo  ;  or  it  may  enter  through  the  aperture  of  the  mosquito-bite 
when  the  stilettes  have  been  removed,  for  before  this  takes  place 
it  is  impossible  for  it  to  pass  through  this  aperture,  which  is  com- 
pletely filled  by  these  appendages. 

Its  further  history  and  wanderings  in  the  body  are  quite  unknown 
until  the  adult  condition  is  reached.  The  adults  (males  and 
females)  are  generally  found  lying  together,  though  the  females 
appear  to  be  in  preponderant  numbers  in  lymphatic  vessels.  Here 
the  female  produces  the  thin  Microfilaria,  which  pass  through  the 
lymphatic  glands  and  thoracic  duct  into  the  blood-stream,  in  which 
they  are  found  in  large  numbers  at  night,  retiring  in  the  day-time 
mostly  to  the  bloodvessels  of  the  lungs. 

When  taken  into  the  mosquito's  stomach  they  escape  from  their 
enclosing  egg-shell,  and,  entering  the  thoracic  muscles,  complete  the 
cycle  of  development. 

It  is  interesting  to  note  that  in  various  parts  of  the  tropics  natives  believe 
that  elephantiasis  and  other  filarial  diseases  may  be  transmitted  through 
sexual  intercourse. 

The  adults  lying  in  the  lymphatic  vessels  may  mechanically  cause 
obstruction  to  the  flow  of  lymph,  and  thus  produce  varices,  inflam- 
mation of  vessels  and  glands,  and  if  the  varicose  vessels  rupture, 
extravasation  of  lymph  or  chyle. 

While  this  etiological  relationship  of  the  worm  to  the  lymphangitis 
and  lymphatic  abscesses,  to  the  varices  in  lymphatics  and  lymphatic 
glands,  to  hasmato-chyluria  and  chylous  extravasations,  is  admitted 
by  all  observers,  there  are  those  who  doubt  this  relationship  with 
regard  to  elephantiasis.  These  authors  base  their  objections  upon 
the  facts  that  the  worm  and  its  larvae  may  be  absent  in  well- 
developed  cases,  and  that  the  disease  can  occur  in  countries  in  which 
filariasis  is  believed  not  to  be  present,  both  of  which  are  quite  true, 
but  are  capable  of  explanation.  There  is  an  undoubted  general 
relationship  between  the  number  of  cases  of  filariasis  and  of 
elephantiasis  in  a  district.  Where  there  is  no  filariasis,  elephantiasis 
is  either  extremely  rare  or  unknown ;  where  there  is  abundant 
filariasis,  there  are  also  many  cases  of  elephantiasis. 

In  investigating  this  point  in  a  locality  care  must  be  taken  to 
exclude  immigrant  cases  of  both  filariasis  and  elephantiasis.  Thus, 
Low  failed  to  find  either  condition  in  the  inhabitants  of  the  forests 
of  British  Guiana  and  in  the  Wagandas,  natives  of  Uganda,  though 
immigrant  cases  were  met  with. 

The  adult  Filaria  has  been  found  in  the  tissues  removed  by 
operation  from  a  case  of  elephantiasis  of  the  scrotum  ;  and,  further, 
the  condition  of  elephantiasis  is  produced  as  a  rule  by  a  series  of 
attacks  of  lymphangitis,  which  in  every  particular  resemble  un- 
doubted filarial  lymphangitis. 

It  is  true  that  a  secondary  bacterial  infection  may  possibly  assist 
the  development  of  the  disease,  for  a  diplococcus  has  been  found  by 
Dufougere,  which  he  calls  the  '  lymphococcus,'  and  his  findings  have 
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been  confirmed  by  Foulerton.  Le  Dantec  describes  a  similar 
organism,  which  he  calls  the  '  dermatococcus ' ;  but  the  main  cause 
of  elephantiasis  in  the  tropics  is  Filaria  bancrofti,  though  it  is  quite 
possible  that,  exceptionally,  other  causes  may  lead  to  occlusion 
of  lymphatics  and  the  formation  of  elephantiasis. 

Pathology. — If  the  parent-worms  live  in  positions  in  which  they 
do  not  obstruct  the  flow  of  the  lymph,  and  if  they  are  not  accidentally 
injured,  no  pathological  effects  will  be  produced  on  the  host ;  and 
our  observations  support  Hanson's  theory  that  the  presence  of  the 
worms  may  produce  no  ill-effect  upon  the  host,  for  we  know  of  a 
case  where  for  years  they  have  produced  no  symptoms. 

But  if  the  parent-worms  obstruct  the  circulation  of  the  lymph 
mechanically — for  example,  when  three  or  four  come  together  in 
an  important  main  lymphatic  trunk — then  the  retained  lymph  is 
certain  by  mechanical  pressure  to  damage  the  tributary  channels. 
Further,  if  any  accidental  injury  is  inflicted  upon  the  female  parent- 
worm,  this  may  cause  abortion,  and  as  a  result  the  production  of 
oval  eggs  instead  of  elongated  embryos,  and  these,  as  will  be 
explained  below,  are  liable  to  block  up  the  small  lymph  channels  of 
the  skin  or  of  a  lymphatic  gland.  Therefore  Low  is  quite  correct 
in  his  statement  that  '  the  Filaria  is  not  entirely  compatible  with 
health,'  for  very  slight  causes  will  produce  disease. 

In  certain  districts  from  5  to  15  per  cent,  of  the  population  is 
infected  with  filariasis,  and  therefore  if  there  are  many  mosquitoes 
capable  of  carrying  the  worm,  there  ought  to  be  multiple  infection 
of  the  individual  host ;  and  one  would  also  assume  that  the  heavier 
the  infection,  the  greater  the  liability  to  obvious  disease.  Multiple 
infection  would  be  more  liable  to  occur  in  natives  than  in  Europeans. 
As  a  matter  of  fact,  heavy  infections  with  the  parent-worms  have 
not  yet  been  described,  though  it  must  be  admitted  that  but  few 
post-mortem  examinations  are  on  record  ;  and,  moreover,  as  Fiille- 
born  has  shown,  it  is  at  times  by  no  means  easy,  even  with  the 
utmost  care,  to  find  the  adult  worms,  though  they  may  be  found 
even  in  fair  numbers  after  considerable  search  in  those  parts  of  the 
lymphatic  system  which  appear  to  be  least  affected.  When  the 
case  is  one  of  varicose  lymphatics,  or  l5miphatic  glands  with  clear 
lymph,  the  obstruction  must  be  looked  for  below  the  junction  of 
the  lacteals  with  the  receptaculum  chyli,  but  when  the  fluid  is 
milky,  it  is  obvious  that  the  obstruction  must  be  beyond  this 
point. 

The  cause  of  the  obstruction  may  be  a  coiled-up  mass  of  worms — 
e.g.,  Young  found  six  females  and  one  male  in  such  a  bundle — and 
they  may  be  discovered  behind  a  valve  or  in  a  dilated  sinus.  A 
single  female  worm  may,  however,  be  found  lying  in  a  dilated 
l3miphatic,  the  draining  gland  being  probably  blocked  by  the 
aborted  ova.  The  irritation  caused  by  the  worms  may  lead  to  a 
permanent  blocking  of  a  main  Ijnnph  channel,  which  will  persist 
even  after  the  irritating  worms  have  died  and  disappeared,  as  has 
been  observed  by  Mackenzie  ;  or,  again,  the  thoracic  duct  may  be 
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^^^'^\*^^^^*^'^  ^"^  P^"^*  °^  ^*^  course,  but  quite  patent  throughout, 
though  associated  with  enormous  varicose  glands  and  vessels  and 
a  complete  absence  of  worms,  which  simply  means  that^the  parasites 
having  caused  the  lesions  have  died  and  disappeared. 

In  chylous  extravasations  the  blocking  of  the  thoracic  duct  leads 
to  engorgement  of  the  renal,  the  lumbar,  and  the  pelvic  lymphatic 
channels  with  lymph,  as  well  as  that  of  engorgement  and  dilatation 
of  the  lacteal  vessels  themselves. 

If  the  lymphatic  vessels  of  the  bladder  or  other  parts  of  the 
urinary  tract  rupture  as  a  consequence  of  this  pressure,  the  result 
will  be  chyluria,  and  if,  as  often  happens,  some  bloodvessels  also 
rupture,  there  will  be  hsemato-chyluria.  If  the  abdominal  lym- 
phatics rupture,  there  will  be  chylous  ascites  ;  if  those  of  the  tunica 
vaginalis,  there  wUl  be  chylocele. 

If,  on  the  other  hand,  the  obstruction  is  posterior  to  the  junction 
of  the  lacteals  with  the  receptaculum  chyli,  then  ordinary  ascites, 
hydrocele,  and  varicose  lymphatics  of  the  scrotum  (lymph  scrotum), 
of  the  leg,  and  varicose  groin  glands,  will  result.  More  rarely  the 
lymphatics  of  the  arm  may  be  affected  in  the  same  manner. 

The  lowered  resistance  of  the  tissues  engorged  with  lymph 
renders  them  specially  liable  to  inflammation,  which  may  at  times 
go  on  to  abscess-formation,  and  which,  if  often  repeated,  will  end 
in  elephantiasis. 

Manson  believes  that  elephantiasis  arises  by  a  damage  to  the 
female  worm,  causing  her  to  produce  immature  embryos,  which  lie 
coiled  up  in  the  egg-shell,  instead  of  stretching  it  considerably. 
The  immature  egg  is  50  /*  in  length  by  34  /x.  in  breadth,  while  the 
fully-developed  Microfilaria  is  130  to  300  /jl  in  length  by  7  to  11  /t 
in  breadth  ;  therefore  it  is  not  difficult  to  imagine  that  a  lymphatic, 
along  which  the  slim  Microfilaria  passes  with  ease,  might  be  quite 
blocked  by  the  immature  egg,  and  that  if  sufficient  channels  in  the 
skin  or  in  the  lymphatic  glands  were  blocked,  lymph  stasis  would 
occur,  and,  as  a  result,  the  connective  tissues  would  inflame  and 
increase  in  amount,  which,  together  with  the  excess  of  lymph, 
would  increase  the  size  of  the  part. 

Manson  bases  this  theory  on  his  observation  of  eggs  escaping 
from  the  ruptured  vesicles  of  a  lymph  scrotum. 

It  is  believed  that  the  smooth  elephantiasis  (elephantiasis  glabra.), 
in  which  the  skin  is  smooth,  is  due  to  blocking  of  the  channels  in 
the  groin  glands,  and  rough  elephantiasis  (elephantiasis  verrucosa),  in 
which  the  skin  is  very  nodular,  is  due  to  blocking  of  the  small  skin 
capillaries,  but  we  are  not  acquainted  with  definite  proofs  of  this 
theory. 

The  Blood. — The  blood  in  filariasis  does  not  exhibit  anaemia 
unless  there  is  haemato-chyluria  or  diarrhoea ;  the  number  of 
leucocytes  is  normal,  though  it  is  said  that  at  first  there  may  be 
leucocytosis.     The  eosinophiles  are  at  times  increased. 

Morbid  Anatomy. — The  morbid  anatomy  naturally  varies  with 
the  variety  of  the  pathological  lesion  produced. 
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In  lymphangitis  the  lymphatic  vessels  will  be  found  enlarged  and 
inflamed,  and  abscesses  of  varying  size  may  at  times  be  found 
containing  the  dead  worms. 

In  lymphatic  varix  or  varicose  lymphatic  glands  the  obvious 
lesions  may,  and  generally  do,  form  part  of  a  much  larger  dilatation 
of  the  pelvic  and  lumbar  lymph  vessels  and  glands.  The  vessels 
are  found  enormously  dilated  with  thickened  walls,  while  the 
glands  are  riddled  with  dilated  channels.  At  first  the  appearance 
of  the  gland  may  not  be  much  altered,  and  on  section  it  may  show 
the  appearance  of  a  sieve  riddled  with  holes,  but  in  more  advanced 
cases  all  appearance  of  a  lymphatic  gland  disappears,  and  it  is 
transformed  into  a  large  sac  divided  by  fibrous  tissue,  septated  into 
numerous  compartments. 

In  chylous  extravasations  the  thoracic  duct  may  or  may  not  be 
found  impervious,  but  in  any  case  the  lacteals,  the  lumbar,  pelvic, 
pudendal,  and  crural  lymph  vessels  will  be  found  enormously 
dilated,  and  the  lumbar  lymph  glands  converted  into  septated 
sacs.  The  site  of  the  ruptured  lymphatics  is,  however,  by  no 
means  easy  to  find. 

In  elephantiasis  the  lymphatic  vessels  will  be  found  dilated  and 
thickened,  and  in  early  cases  a  round-celled  infiltration  may  be 
seen  in  the  connective  tissue  of  the  part ;  but  in  later  cases  this  has 
led  to  a  hypertrophy  of  the  connective  tissues  of  the  skin  and  the 
fascicE,  including  those  around  the  muscles,  the  vessels,  and  nerves, 
while  all  the  tissues  are  sodden  with  retained  lymph.  The  muscles 
of  the  affected  regions  are  found  to  be  in  a  state  of  fatty  degenera- 
tion ;  the  bones  may  be  thickened  and  covered  with  osteophytes,  or 
more  rarely  atrophied,  and  still  more  rarely  invaded  by  caseous 
abscesses. 

Microscopically  the  epidermis  may  be  normal  or  thickened,  with 
atrophied  or  elongated  papillae  ;  the  sweat  glands  and  hair-follicles 
may  or  may  not  be  degenerate. 

In  cutting  into  the  tissue  of  a  region  affected  with  elephantiasis  the 
skin  may  be  noted  to  be  thickened,  and  below  it  there  wiU  be  found 
dense  fibrous  trabeculae,  with  the  spaces  filled  with  yellow,  oily, 
fatty  substance,  which  exudes  lymph,  while  the  vessels  and  nerves 
will  be  found  much  increased  in  size. 

The  Clinical  Description.— The  clinical  description  of  the  various 
lesions  will  be  arranged  under  the  headings  Filarial  Lymphangitis 
Orchitis,  Lymphatic  Varix,  Varicose  Lymphatic  Glands,  Chylous 
Effusions,  and  Elephantiasis  of  various  parts  of  the  body— e.g., 
scrotum,  leg,  etc.— and,  finally,  a  few  remarks  will  be  made  with 
regard  to  rarer  lesions. 

FILARIAL  LYMPHANGITIS. 
Synonym. — Elephantoid  fever. 

Definition.— Fflarial  lypiphangitis  is  an  inflammation  of  lym- 
phatic vessels  m  any  part  of  the  body  caused  by  Filaria  hancrofti. 


FILARIAL  LYMPHANGITIS 


823 


Remarks. — Attacks  of  lymphangitis,  associated  with  an  erysipe- 
latous eruption  of  the  skin,  are  extremely  common  in  the  tropics, 
and  are  often  of  a  filarial  nature,  and  by  their  repeated  recurrences 
produce  elephantiasis. 

Symptomatology. — ^The  attack  often  begins  with  a  shivering  fit, 
and  a  rise  of  temperature  to  any  degree  from  101°  F.  to  104°  F.,  with 
vomiting  and  headache.  In  some  cases  there  is  no  pain  in  the 
affected  area,  but  a  careful  examination,  or  the  sensation  of  pain 
on  the  part  of  the  patient,  will  lead  to  the  discovery  of  a  red  cedema- 
tous  area  of  skin,  from  which  the  inflamed  lymphatic  may  be  noted 
extending  towards  the  nearest  lymphatic  glands,  which  may  or  may 
not  be  inflamed  and  painful .  Usually  the  temperature  falls  quickly  in 
a  couple  of  days  to  normal,  and  does  not  rise  again,  though  it  may 
be  several  days  before  the  erysipelatous  rash  disappears  and  the 
lymphatics  return  to  normal. 
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Fro.  305. — Temperature-Chart  of  a  Case  of  Elephantiasis  of  the  Leg 
DURING  AN  Attack  of  Filarial  Fever. 

Complications. — Rarely  does  this  condition  go  on  to  abscess,  which 
may  be  caused  by  a  dead  filarial  worm  or  a  secondary  infection. 

Sequelae. — Sometimes,  after  the  acute  inflammation  has  subsided, 
a  lymphatic  can  be  felt  as  a  hardened  cord,  which,  if  excised,  will 
be  found  to  contain  adult  Filarice. 

Diagnosis. — ^The  only  condition  which  could  reasonably  be  mis- 
taken for  this  affection  is  a  caterpillar  sting,  which  closely  resembles 
it  in  all  details.  The  history  of  the  case  will  indicate  the  correct 
diagnosis. 

Treatment.— The  treatment  consists  of  rest  in  bed,  a  mild  purga- 
tive, and  a  little  phenacetin  and  caffeine  to  relieve  the  headache, 
while  some  of  the  old  authors  advise  arsenic  or  tincture  ferri  perch- 
loridi,  TTl^  x.-xx.,  given  three  times  a  day,  well  diluted.  Locally,  at 
first  lead  and  opium  lotion,  and  later  an  ointment,  composed  of 
ichthyol  and  lanoline,  gives  relief.  If  an  abscess  forms,  it  must 
be  evacuated  and  treated  on  ordinary  principles. 
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FILARIAL  ORCHITIS  AND  HYDROCELE. 

This  complaint  begins  with  pains  in  the  testicle,  fever,  and  at 
times  rigors,  pain  in  the  back  and  lower  part  of  the  abdomen  and 
groins.  The  testicle  enlarges,  and  is  tender  and  painful,  while  an 
effusion  forms  in  the  tunica  vaginalis  of  either  lymph  or  chyle. 
The  lymph  thrown  out  is  at  first  inflammatory,  and  may  coagulate, 
and  is  usually  absorbed  after  the  fever  subsides,  but  may  persist 
and  form  a  filarial  hydrocele.  The  effusion  of  chyle  is,  however, 
more  usually  permanent,  and  forms  one  of  the  varieties  of  chylocele, 
to  be  mentioned  later. 

Treatment. — The  treatment  consists  of  rest  in  bed  and  the 
application  of  lead  and  opium  lotion,  and  cool  applications,  together 
with  fairly  vigorous  purgation  of  the  bowels. 

FILARIAL  LYMPHANGIECTASIS. 

Synonyms. — Lymphatic  Varix,  Lymph  Scrotum. 

Definition. — Filarial  lymphangiectasis  is  the  dilatation  of  lymph 
vessels  brought  about  by  obstruction  to  the  flow  of  lymph,  due  to 
the  presence  of  Filaria  hancrofti. 

Remarks. — Filarial  lymphangiectasis  can,  of  course,  take  place 
in  any  part  of  the  body,  but  the  most  common  situations  are  in  the 


Fig.  306. — Lymphangiectasis. 

scrotum,  where  it  is  called  '  lymph  scrotum,'  in  the  spermatic  cord, 
in  the  leg,  and  in  the  arm. 

Symptomatology.— In  the  scrotum  the  affection  begins  with  an 
attack  of  fever,  associated  with  redness,  swelling,  and  pain  in  that 
region.  When  the  fever  has  subsided,  the  whole  scrotum  is  found 
swollen  and  elastic.  It  may  be  smooth  or  ragose,  and  on  inspection 
the  skin  shows  a  number  of  small  clear  vesicles,  which,  if  ruptured. 
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discharge  either  lymph  or  chyle  containing  filarial  embryos,  or,  much 
more  rarely,  eggs. 

If  the  vesicles  are  ruptured,  the  discharge  of  lymph  may  be  quite 
considerable  in  the  twenty-four  hours,  and  may  produce  such 
marked  exhaustion  in  the  patient  as  to  necessitate  an  operation. 

In  the  spermatic  cord  the  disease  begins  with  pain  and  swelling 
in  the  testicle,  cord,  and  lower  part  of  the  abdomen,  associated  at 
times  with  fever.  When  the  acute  symptoms  have  subsided,  a 
swelling  like  a  varicocele,  which  disappears  in  the  prone  position 
and  reappears  when  standing  erect,  will  be  noticed  along  the  cord, 
but  the  vessels  constituting  the  swelling  will  be  noted  to  be  softer, 
less  tortuous,  and  more  like  a  series  of  pouches  than  a  true  varicocele. 

In  lymphangitis  of  the  leg  there  is  the  same  fever,  with  swelling 
of  the  glands,  leaving  a  soft  swelling  in  the  groin,  which  disappears 
on  lying  down  and  reappears  on  standing  up,  and  which  has  no 
impulse  on  coughing. 

Treatment. — As  the  local  condition  is  simply  part  of  a  much  more 
generalized  varicosity  of  the  lymphatic  vessels,  it  is  best  to  treat  it 
symptomatically  with  antiseptic  dusting-powders,  such  as  boracic 
acid,  zinc  oxide,  and  dermatol,  etc. 

If,  however,  lymphorrhagia  is  taking  place  and  the  patient  is 
becoming  exhausted,  it  is  necessary  to  remove  some  of  the  diseased 
tissue,  and  to  ligate  the  dilated  vessels,  but  in  so  doing  it  is  as  well 
to  warn  the  patient  that  this  will  not  cure  the  disease,  and,  indeed, 
may  be  followed  by  elephantiasis  or  even  chyluria. 

VARICOSE  LYMPHATIC  GLANDS. 

Synonyms.- — Helminthoma  Elastica,  Adenolymphoceles. 

Definition. — Varicose  lymphatic  glands  are  glands  enlarged,  some- 
times to  an  enormous  extent,  by  dilatation  of  their  lymph  paths, 
brought  about  by  obstruction  to  the  flow  of  lymph. 

Remarks. — The  glands  most  commonly  found  enlarged  in  patients 
are  the  groin  glands,  less  frequently  those  of  the  axillae,  while  even 
the  parotid  lymphatic  gland  has  been  recorded  to  have  been 
affected.  In  post-mortems,  as  already  noted,  the  lumbar  glands 
may  be  found  converted  into  septated  sacs. 

Symptomatology. — ^The  glands  enlarge  after  attacks  of  fever,  and 
are  usually  found  as  soft,  elastic  swellings,  which  are  easily  movable 
when  small,  and  are  covered  with  normal  skin.  They  are  found 
in  the  groin,  inguinal  or  femoral  regions,  and  in  the  axilla.  If 
punctured  with  a  hypodermic  needle,  lymph  or  chyle  can  be 
obtained  at  times  containing  Microfllarice.  Usually  small,  they 
may  assume  enormous  proportions,  reaching  below  the  knee,  and 
seriously  impeding  locomotion. 

Treatment. — They  may  be  removed  if  necessary,  but  this  should 
not  be  done  without  due  cause,  as  they  are  only  part  of  a  more  wide- 
spread disorder.  Radium  treatment  has  recently  been  advised  by 
Sir  Havelock  Charles. 
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FILARIAL  CHYLOUS  EXTRAVASATIONS. 

Chylous  extravasations  are  due  to  the  rupture  of  dilated  lymph 
or  lacteal  vessels  into  the  urinary  passages,  the  bowel,  the  tunica 
vaginalis,  or  peritoneum. 

They  may,  therefore,  be  considered  under  the  headings  of 
Hsemato-chyluria,  Chylous  Diarrhoea,  Chylocele,  Chylous  Ascites. 

Hsemato-Chyluria. 

Definition. — Hsemato-chyluria  is  the  passage  of  blood  and  chyle, 
or  chyle  only,  with  the  urine,  and  is  due  to  the  rupture  of  dUated 
chyle-containing  lymphatic  vessels. 

Symptomatology. — ^The  onset  of  the  attack  is  usually  abrupt, 
without  marked  symptoms,  though  vague  pains  may  be  felt,  and 
at  times  there  may  be  fever,  pains  in  back,  perinseum,  and  thighs. 
Usually,  however,  the  patient  simply  asks  advice  because  he  is 
passing  milky  or  bloody  urine. 

As  a  rule  the  urine  clears  in  the  course  of  time,  but  it  is  merely  an 
intermission,  and  the  symptoms  will  in  due  course  recur,  and  inter- 
missions and  attacks  will  follow  each  other  for  years ;  on  the  other 
hand,  however,  it  may  be  continuous,  and  not  intermittent.  The 
duration  of  the  intermissions  may  be  days,  months,  or  years,  while 
the  attacks  may  be  attributed  to  exertion  or  emotion.  After  con- 
tinuing for  some  time  it  may  lead  to  exhaustion,  neuralgic  pains  in 
different  parts  of  the  body,  disordered  bowels,  coated  tongue,  and 
dry,  harsh  skin,  all  of  which  are  symptoms  of  a  cachexia. 

If  the  urine  clots  in  the  bladder  there  may  be  severe  pain  and 
strangury.  The  urine  generally  presents  the  appearance  of  milk, 
but  may  be  pinkish  in  colour  from  admixture  with  blood,  and  may 
clot.  It  is  usually  passed  in  fair  quantity,  and  it  wiU  be  noticed 
that  the  morning  urine  is  usually  very  clear,  while  that  at  night  is 
much  more  milky  or  red.  On  standing,  the  fat  accumulates  on  the 
surface,  giving  rise  to  a  cream-like  appearance.  Under  the  micro- 
scope, as  a  rule,  no  fatty  globules,  however  minute,  are  observed, 
but  white  and  red  corpuscles,  and  at  times  Microfilarics,  may  be 
seen.  Because  of  the  presence  of  fat  the  specific  gravity  is  low, 
varying  from  1015  to  1020.  The  reaction  is  usually  acid.  On 
shaking  the  urine  with  ether,  the  fat  can  be  removed  and  estimated, 
when  it  will  be  found  to  vary  from  06  to  3-3  per  cent.  After  the 
removal  of  the  fat,  the  urine  can  be  tested  for  albumin,  which  is 
always  present,  and  which  usually  persists  for  some  time  after  the 
fat  has  disappeared.  The  quantity  of  albumin  varies  from  06  to 
o-g  per  cent.     Albumoses  and  sugars  are  absent. 

Treatment. — ^The  treatment  is  purely  symptomatic,  and  consists 
of  rest  in  bed,  lying  as  much  as  possible  in  the  prone  position,  while 
in  some  cases  methylene  blue  may  be  given  in  2-grain  doses,  together 
with  salol  or  urotropine.  The  diet  must  be  bland,  non-irritating. 
Astringent  injections  into  the  bladder  have  been  used,  and  gallic 
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acid,  nitrate  of  silver,  acetate  of  lead,  iodide  of  potassium,  and 
thymol  have  been  administered  internally,  but  have  not  been 
found  to  be  efficacious.  Exposure  to  X-rays  has  been  recommended. 
If  the  urme  clots  in  the  bladder,  it  must  be  washed  out  under 
chloroform  by  means  of  an  aspirator,  and  if  this  is  not  successful 
the  bladder  may  have  to  be  opened  and  drained. 

Chylous  Diarrhoea. 

Diarrhoea  with  chyle  and  blood  in  the  motions  has  been  recorded, 
but  is  rare. 

Chylocele. 

This  may  develop  gradually,  the  tunica  vaginalis  filling  up 
with  an  opaque  fluid,  which  on  tapping  is  found  to  be  chylous,  and 
may  contain  MicrofilaricB.  It  may,  however,  be  preceded  by  an 
attack  of  fever  and  orchitis.  It  is  said  that  the  sac  is  less  tense  in 
the  morning,  and  more  so  at  night. 

Treatment. — A  chylocele  does  not  grow  to  any  large  size,  and 
only  requires  occasionally  to  be  tapped. 

Chylous  Ascites. 

Chylous  ascites  is  rarely  met  with  in  human  beings,  though  we  have 
seen  two  cases.  It  is  common  in  animals  as  the  result  of  filariaJ 
infection. 

ELEPHANTIASIS. 

Synonyms. — Elephant  Leg,  Cochin  Leg,  Barbadoes  Leg,  Galle 
Leg,  Glandular  Disease  of  Barbadoes,  Elephantiasis  Arabum, 
Da-Fil,  Dau-ool-Fil,  Pes  Febricitans,  Perical,  Phlegmasia  Mala- 
barica.  Elephantiasis  Indica,  Bucnemia  Tropica,  Morbus  Elephas, 
Spargosis  Fibroareolaris,  Pachydermia,  Hernia  Carnosa,  Elephan- 
tiasis Tuberosa  et  Scrotalis,  Hypersarcosis,  Mai  de  Cayanne,  Sarco- 
cele  d'jfegypte,  Roosbeen  von  Surinam,  Shlipada,  Kosharriddki, 
Barawa  (Sinhalese) . , 

Definition. — Elephantiasis  is  a  chronic  inflammatory  hypertrophy 
of  the  fibrous  connective  tissue  of  a  region  of  the  body  iiiduced  by 
lymph  stasis,  and  resulting  in  a  considerable  hypertrophy  of  the 
skin  and  subcutaneous  tissues. 

Varieties. — The  most  common  varieties  of  elephantiasis  are  the 
affection  of  the  leg,  scroturh,  vulva,  arm,  and  breast,  while  other 
regions  are  much  more  rarely  affected.  The  different  varieties 
must  now  be  briefly  described. 

Elephantiasis  of  the  Leg. 

During  attacks  of  filarial  lymphangitis  of  the  leg  it  is  noticed  that 
the  limb  becomes  swollen,  and  though  after  the  first  attack  it  may 
resume  its  normal  size,  this  does  not  happen  after  repeated  suc- 
cessive attacks,  and  gradually  the  limb  becomes  more  and  more 
swollen,  while  the  natural  folds,  especially  the  ankle  fold,  become 
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much  exaggerated  by  the  swelling  on  either  side,  so  that  deep  sulci 
are  formed.  The  dorsum  of  the  foot  becomes  swollen  and  puffy, 
and  is  separated  by  the  deep  ankle  sulcus  from  the  swollen  lower 
part  of  the  leg.  In  these  sulci  the  debris  of  the  cast-off  epithelium, 
together  with  the  excretions  of  the  skin,  accumulate  and  give  rise 
to  a  foul-smelling  discharge,  and  ulcers  may  form.  At  first  the 
skin  is  smooth  and  soft,  forming  the  smooth  variety  of  the  com- 


plaint, which  may  persist,  or  it  may  become  dark,  hard,  thick,  and 
rough,  being  elevated  into  bosses  or  warty  elevations,  forming  the 
verrucose  variety.  The  appendages  now  atrophy  from  malnutrition, 
the  hairs  may  drop  off,  and  the  nails  become  rough  and  thickened, 
while  the  skin  perspires  less,  and  the  sensibility  is  diminished. 
Ulcers  may  now  form  on  almost  any  part  of  the  foot.  The  swelling 
is  more  commonly  met  with  below  the  knee,  but  the  whole  thigh 
may  become  implicated. 
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If  left  untreated,  the  size  of  the  leg  gradually  increases  with 
repeated  attacks  of  fever,  and  may  reach  considerable  dimensions. 
Alter  some  years  the  attacks  of  fever  may  cease  altogether,  though 
the  condition  of  the  leg  usually  remains  unchanged.  In  some 
rare  cases  elephantiasis  may  develop  without  the  patient  ever 
having  an  attack  of  fever. 


Treatment. — A  radical  method  of  treatment  has  yet  to  be  found. 
Of  the  various  palliative  ones  the  most  satisfactory  is  perhaps  that 
introduced  by  Castellani,  which  consists  in  keeping  the  patient  at 
complete  rest  in  bed,  with  thiosinnamin  or  fibrolysin  injections  and 
methodical  bandaging.  The  details  of  the  treatment  are  as  follows  : 
The  patient  is  kept  in  bed  and  an  injection  of  2  to  4  c.c.  of  fibrolysin 
Merk  (which  consists  of  thiosinnamin  and  salicylic  acid  dissolved 
in  water)  is  given  daily  for  three  to  six  months,  the  injections  being 
interrupted  for  a  few  days  from  time  to  time.     The  injections  may 
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be  made  in  the  affected  parts,  or  deeply  into  the  gluteal  region, 
where  they  cause  much  less  pain.  After  each  injection  the  whole 
limb  is  tightly  bandaged  with  flannel  bandages,  which  are  kept  in 
place  day  and  night.  In  some  cases  rubber  bandages  may  be  used 
with  great  advantage,  especially  in  cases  of  verrucose  elephantiasis, 
because  they  render  the  skin  much  smoother.  Unfortunately, 
many  patients  cannot  stand  rubber  bandaging.  To  increase  the 
pressure  on  the  hardest  parts  pads  of  inelastic  material  may  be 
applied  before  bandaging,  and  for  this  purpose  small  cylindrical 
gauze  bags  filled  with  ordinary  small  lead  shot  are  found  especially 
useful.     In  some  cases  massage  of  the  whole  limb  before  bandaging 


Fig.  309. — Elephantiasis  of  the  Leg  :  Before  Treatment. 


is  useful.  It  is  of  the  utmost  importance  that  the  pressure  on  the 
whole  limb  should  be  well  distributed,  otherwise  the  parts  on 
which  insufiftcient  pressure  has  been  made  will  be  found  to  become 
swollen.  It  is  also  useful  to  keep  the  affected  limb  continually 
elevated  by  means  of  pillows,  etc.  In  cases  of  verrucose  elephan- 
tiasis in  which  the  skin  is  covered  with  numerous  horny  masses,  a 
spirit  lotion  of  resorcin  and  salicylic  acid  (ac.  salicylici,  resorcin, 
aa  gr.  xxx. ;  sp.  rect.,  giv.)  is  useful  in  removing  these  horny  masses.' 
In  successful  cases  after  three  to  six  months  of  this  treatment  the 
affected  parts  are  of  much  smaller  size,  the  skin  is  smoother,  more 
elastic,  and  can  be  pinched  into  folds.     Long  elliptical  strips  of  the 
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redundant  skm  and  subcutaneous  tissue  may  then  be  removed  the 
margins  of  the  wound  being  stitched  together.  This  would  not  be 
practicable  before  the  medical  treatment,  as  the  skin  being  enor- 
mously thickened  and  inelastic,  the  coaptation  of  the  opposed  sur- 
faces could  not  be  obtained. 

In  our  experience  this  treatment  has  generally  only  a  slight  and 
temporary  effect  in  recent  cases  when  the  disease  is  in  the  acute 
stage  with  frequent  attacks  of  filarial  fever.  On  the  other  hand 
the  treatment  gives  much  better  and  more  lasting  results  in  old- 
standing  cases,  especially  in 'those  of  the  verrucose  type,  charac- 
terized by  the  enormous  neoformation  of  fibrous  tissue  and  absence 


Fig.  310. — The  Same  Case  as  in  Fig.  309:  After  Treatment  by  Fibro- 
LYsiN  AND  Bandaging,  and  without  any  Operative  Measures. 


of  fever.  After  treatment  the  patient  should  wear  puttees  or  elastic 
stockings,  and  the  rubber  bandage  should  be  applied  from  time 
to  time. 

Recently  Handley  has  treated  cases  by  first  preparing  a  vaccine 
from  the  diplococcus  which  he  found  in  the  blood,  and  administering 
this  until  the  blood  and  lymph  become  sterile,  and  then  performing 
his  operation  of  '  lymph  angioplasty '  by  silk  introduced  by  means 
of  long  probes,  which  are  pushed  along  the  subcutaneous  tissues, 
through  small  incisions,  until  a  path  is  made  from  the  affected 
region  to  one  with  a  normal  lymph  circulation.  In  the  one  case  so 
far  reported  there  was  marked  improvement  as  early  as  eighteen  day^ 
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after  the  operation.  Possibly  a  combination  of  Castellani's  method 
of  treatment  with  Handley's  l5miphangioplasty  will  give  good 
results. 

Other  methods  of  treatment  consist  in  bandaging,  massage, 
tapping  with  Southey  tubes,  and  even  amputation,  but  none  of  these 
are  satisfactory. 

Elephantiasis  of  the  Scrotum. 

The  disease  may  begin  as  a  lymph  scrotum,  or  with  recurring 
erysipelatous  attacks,  with  a  red  inflammatory  blush  on  the  skin, 
and  fever.     After  each  attack  the  scrotum  is  larger  than  it  was 

before,  and  it  goes  on  growing,  if  left 
alone,  until  it  may  reach  the  weight 
of  224  pounds,  as  mentioned  by 
Chevers,  which  is  probably  the  largest 
ever  described.  When  well  developed 
it  forms  a  triangular-shaped  mass 
hanging  down  between  the  legs,  with 
the  base  downwards,  and  the  apex 
upwards  towards  the  pubes.  On  its 
anterior  and  upper  aspect  there  is  an 
aperture  which  leads  into  a  canal, 
formed  by  the  inverted  prepuce,  at 
the  bottom  of  which  is  the  glans 
penis.  The  penis  itself  is  buried  in 
the  tumour.  The  testicles  are  situated 
at  the  upper  and  back  part  of  the 
tumour,  and  are  usually  surrounded 
by  hydroceles. 

If  large,  the  base  of  the  tumour  is 
frequently  ulcera;ted. 

Treatment. — ^The  treatment  is  re- 
moval, which  is  a  very  easy  operation, 
and  very  successful.  Manson  says 
that  the  mortality  need  not  exceed 
5  per  cent. 

The  most  important  feature  of  the 

whole  operation  is  to  have  the  skin 

perfectly  clean   and    aseptic,  and  to 

carefully  choose  the  parts  of  the  skin 

which  are  to  be  used  as  flaps. 

An  elastic  tourniquet  in  a  figure  of  eight  is  applied  round  the 

pelvis  and  the  neck  of  the  tumour.     The  skin  flaps  are  now  marked 

out  and  deepened,  the  vessels  being  carefully  ligatured  as  they  are 

exposed. 

The  testicles  are  then  dissected  by  perpendicular  cuts,  and  the 

penis  is  set  free  by  dissection,  after  cutting  down  the  canal  already 

mentioned  as  formed  by  the  prepuce.     This  is  best  done  with  a  pair 

of  scissors. 

The  general  mass  of  elephantoid  tissue  is  now  cut  away  gradually. 


Fig. 


311. — Elephantiasis  of 
THE  Scrotum. 
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ligaturing  the  vessels  as  the  cutting  proceeas,  a  process  which 
prevents  the  omission  of  a  vessel.  The  tourniquet  is  now  loosened, 
and  any  bleeding  spot  secured. 

If  there  are  hydroceles  present,  these  are  opened,  and  the 
sac  turned  inside  out, 
and  after  any  redund- 
ancy has  been  re- 
moved, it  is  stitched 
around  the  testicle  in 
the  inverted  condi- 
tion. The  flaps  are 
now  brought  together 
and  stitched  over  the 
testes,  a  drain  of  some 
description  being  in- 
troduced at  the  lower 
portion  of  the  wound 
if  this  is  considered 
to  be  necessary.  Skin 
flaps  should,  if  pos- 
sible, be  made  for 
the  penis ;  failing  this, 
the  raw  area  must  be 
covered  with  protec- 
tive, and  allowed  to 
granulate.  The 
whole  wound  must 
now  be  antiseptically 
dressed,  and  usually 
heals  without  diffi- 
culty. 

Elephantiasis   of   the 
Vulva. 

This  arises  in  the 
same  manner  as  ele- 
phantiasis of  the 
scrotum,  and  may  affect  the  labia  majora  or  the  clitoris.  It  is,  how- 
ever, very  rare.  The  tumour,  according  to  Manson,  may  weigh  8  to 
10  pounds,  or  more.     The  treatment  is  removal. 

Elephantiasis  of  the  Breast. 

Elephantiasis  of  the  breast  is  very  rare,  but  can  occur,  and  the 
enlarged  breast  may  reach  to  the  pubes  or  the  knee.  It  may  affect 
one  or  both  breasts. 

Elephantiasis  of  the  Arm. 

This  is  rare,  but  may  arise  in  the  same  manner  as  in  the  leg. 
One  arm  or  both  arms  may  be  affected. 

53 


Fig.  312. — Elephantiasis  of  the  Labium. 
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Elephantiasis  of  the  Scalp. 

Rarely  the  whole  scalp  is  enomrously  thickened,  and  presents 

deep  furrows.  .  .*    j  ,,,     ,.     i-    - 

Circumscribed  Elephantiasis. 

Large  pendulous  tumours  of  filarial  origin,  one  to  several,  may 

be  found. 

RARER  AFFECTIONS. 

Lewis  has  recorded  a  case  of  filariasis  in  which  chyle  containing 
MicrofllaricB  was  discharged  from  both  conjunctivse,  while  Maitland 
has  described  cases  of  acute  synovitis  of  the  knee  as  being  of  too 
frequent  occurrence  to  be  looked  upon  as  merely  coincidences. 

FILARIASIS  CAUSED  BY  OTHER  FILARIID^. 

The  lesions  produced  by  Filaria  medinensis  Linnaeus  1758,  jF.  loa 
Guyot  1778,  and  F.  volvulus  Leuckart  1893,  are  described  in 
Chapters  LL  and  LIT,  while  the  life  cycles  of  non-pathogenic 
Filariidffi,  such  as  F.  perstans,  Microfilaria  philippinensis,  and  the 
less-known  Filariidffi  are  described  in  Chapter  XVL  It  will  be 
remembered  that  F.  immiiis  Leidy  1856  does  not  occur  in  man, 
the  supposed  case  being  wrongly  quoted. 
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CHAPTER  XXXVI 
LEPROSY 

Synonyms — Definition— History— Climatology— Etiology— Symptomatology 
— Diagnosis — Prognosis — Treatment — Prophylaxis — References. 

Synonyms. — Elephantiasis  Graecorum,  La  Lepre  (French),  Aussatz 
(German),  Lebbra  (ItaHan),  Spedalskhed  (Norwegian). 

Definition. — Leprosy  is  a  chronic  general  disease,  caused  by  the 
Bacillus  leprcB  Hansen,  which  produces  characteristic  lesions  in 
the  skin,  mucosae,  and  nerves.  The  method  of, infection  is  un- 
known. 

History. — Even  at  the  present  time  there  is  occasionally  much 
difficulty  with  regard  to  the  diagnosis  of  leprosy  from  allied 
diseases,  and  therefore  in  ancient  times,  and  in. the  Middle  Ages 
syphilis  and  skin  diseases  without  doubt  were  confused  with  it. 
Hence  the  history  is  not  easy  to  write.  Nevertheless,  such  a  re- 
pulsive and  striking  disease  must  have  been  noticed  by  the  ancients, 
and  therefore  it  is  possible  that  the  references  in  the  Ebers  Papyrus, 
and  in  the  English  Bible,  the  Rig  Veda,  and  ancient  Japanese 
books,  actually  refer  to  what  we  call  leprosy,  together  with  other 
diseases.  If  this  is  so,  leprosy  is  indeed  ancient  and  widespread. 
It  is  probable  that  it  passed  from  Egypt  to  Greece,  and  later  to 
Italy,  by  means  of  Pompey's  troops,  and  that  it  was  disseminated 
throughout  Europe  by  the  Roman  legions,  by  traders,  and  perhaps 
by  the  Crusaders  returning  from  the  East.  In  any  case,  leprosy 
gradually  increased  in  Europe  from  the  days  of  Pompey  till,  in  the 
thirteenth  century,  it  existed  to  such  an  extent  as  to  move  Church 
and  State  alike  to  combat  its  ravages.  Stern  measures  were  enforced, 
and  the  lepers  were  isolated  in  lazarettos.  They  were  compelled 
to  wear  a  special  dress,  to  use  a  clapper  when  passing  along  the 
roads,  to  only  indicate  with  a  stick  the  articles  they  desired  to  buy 
in  a  market ;  while  they  were  forbidden  to  drink  from  public  foun- 
tains, to  touch  children,  to  speak  to  a  healthy  person  in  a  loud 
voice,  or  to  eat  with  any  person  other  than  a  leper.  Further,  the 
Church  performed  the  Burial  Service  over  a  person  who  was  diag- 
nosed to  be  a  leper,  and  therefore  officially  he  was  dead.  The  result 
of  this  appears  to  have  been  beneficial,  as  the  number  of  the  lepers 
diminished  rapidly  in  the  fourteenth  and  fifteenth  centuries,  since 
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when  the  disease  has  almost  disappeared  from  many  parts  of 
Europe. 

But  while  the  disease  was  abating  in  Europe,  it  appears  to  have 
been  introduced  into  Madeira  and  the  Canary  Islands  about  the 
end  of  the  fifteenth  century,  and  perhaps  also  into  America  by  the 
Spaniards.  The  infection  of  the  West  Indies  would  appear,  how- 
ever, to  have  been  mainly  due  to  the  negro  slaves  brought  from 
Africa  about  the  middle  of  the  sixteenth  century,  after  which  the 
disease  became  common.  There  is  great  doubt  as  to  whether  it 
did  not  exist  in  South  America  in  ancient  times,  but  no  clear 
evidence  is  forthcoming  at  present. 

In  India,  Japan,  and  probably  China,  the  disease  is  most  ancient, 
while  it  is  very  common  in  South  China.  During  recent  years  the 
Chinese  have  been  moving  about  the  world,  and  are  accredited 
with  introducing  the  disease  into  Kamschatka,  the  Sandwich 
Islands,  Polynesia,  Columbia,  California,  Australia,  New  Zealand, 
and  also  into  Indo-China. 

Though  very  common  in  North  and  Tropical  Africa,  it  appears 
to  have  been  unknown  in  South  Africa  until  introduced  in  1756 
by  the  Dutch  from  Java,  who  carried  it  through  Cape  Colony  and 
the  Orange  Free  State  into  the  Transvaal.  It  must,  however,  be 
stated  that  some  people  think  it  has  existed  for  a  long  time  in 
South  Africa. 

It  is  said  that  the  numbers  of  lepers  have  markedly  increased  in 
South  Africa  since  the  advent  of  the  East  Indian  troops  in  the 
middle  of  last  century. 

As  regards  medical  literature,  Hippocrates  says  but  little  about  the 
disease,  and  perhaps  really  refers  to  psoriasis,  while  Aristotle  defines 
it  better.  It  is  not,  however,  until  the  first  century  that  Aretaeus 
of  Cappadocia  gives  a  clear  description  of  the  disease,  and  not  till 
1847  that  the  first  modern  clinical  account  by  Danielssen  and 
Boeck  appeared.  The  pathology  of  the  disease  has  been  carefully 
studied  by  Virchow,  Vandyke  Carter,  Leloir,  Babes,  Unna,  Zam- 
baco,  Innes,  Campana,  and  Bergmann.  In  1871  Hansen  dis- 
covered the  bacillus  associated  with  leprous  lesions,  which  has 
subsequently  been  studied  by  Neisser  in  1879,  and  many  others. 

Many  attempts  have  been  made  to  cultivate  this  bacillus,  notably 
by  the  Indian  Commission,  Van  Houten  and  Rost,  but  though 
at  the  time  thought  to  be  successful,  they  have  not  been  confirmed. 
In  1903  Dean  and  Stephansky,  and  later  Rabinowitsch  and  Tids- 
well,  discovered  a  peculiar  leprosy-like  disease  in  rats,  the  lesions 
of  which  contain  bacilli  closely  resembling  Hansen's  bacillus  in 
appearance,  and  not  capable  of  cultivation.  A  diphtheroid  bacillus 
has,  however,  been  cultivated  by  Dean  from  two  cases,  and  is  said 
by  him  to  be  capable  of  being  agglutinated  by  human  leprous 
serum.  There  is  probably  no  connection  between  the  human  and 
the  rat  disease. 

The  method  of  infection  is  at  present  unknown,  though  there  are 
various  theories,  more  or  less  ably  defended,  which  will  be  men- 
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tioned  later.  The  condition  of  the  eye  has  been  much  neglected 
until  recent  years  when  the  researches  begun  by  Bull  and  Hansen 
as  far  back  as  1873  have  been  extended  by  Grossman  in  iqo6, 
De  bilva  in  1907,  but  most  importantly  by  Borthen  in  i8qq. 
,  Chmatology.— At  the  present  time  there  is  but  little  leprosy 
in  many  parts  of  Europe,  but  it  is  stm  common  in  Iceland,  while 
It  is  found  in  Spain,  Italy,  the  Balkans,  Turkey,  Crete,  and  Cyprus. 
It  IS  less  frequent  than  formerly  in  Norway,  Sweden,  Greece;  and 
some  of  the  Mediterranean  islands,  rare  in  France  and  Germany, 
and  almost  extinct  in  Denmark,  Belgium,  Holland,  Austria-Hunearv 
and  England.  "    -^ ' 

It  is  very  common  throughout  the  whole  of  Asia.  In  Ceylon 
there  are  numerous  lepers,  many  of  whom  are  treated  in  a  leper 
asylum  at  Hendela,  near  Colombo,  which  is  believed  to  be  one  of 
the  best  in  the  world. 

In  Australia  the  disease  is  known  principally  in  Queensland  and 
New  South  Wales,  and  also  in  Victoria  ;  while  in  New  Zealand  it  is 
known  among  the  Maoris.  It  occurs  in  New  Caledonia,  Tahiti, 
and  the  Sandwich  Islands. 

It  is  spread  sporadically  over  the  United  States,  but  is  rare  in 
Canada,  while  it  is  well  known  in  Mexico  and  Central  America, 
and  common  in  the  West  Indies.  In  South  America  it  appears  to 
be  far  from  rare  in  Colombia,  Venezuela,  the  Guianas,  and  Brazil, 
but  whether  it  is  rare  or  not  recognized  in  other  countries  is  not 
known. 

It  appears  to  be  spread  all  through  Africa,  but  is  certainly  rare 
in  West  Africa,  more  common  in  Central  and  East  Africa,  and 
decidedly  more  common  in  North  and  in  South  Africa,  where  there 
is  the  celebrated  Robbin  Island  Leper  Asylum.  There  are  people 
who  believe  Egypt  to  be  the  original  home  of  the  disease,  from 
whence  it  spread  to  Asia  and  Europe. 

.etiology. — ^The  disease  is  caused  by  Hansen's  bacillus,  which 
morphologically  has  the  greatest  resemblance  to  the  tubercular 
bacillus,  and  is  stained  by  the  same  methods.  Recently,  how- 
ever, Jamanioto  has  described  a  silver  nitrate  method  by  which 
the  tubercular  bacilli  are  stained  black,  while  the  leprosy  bacilli 
remain  transparent.  Cultivation  has  so  far  failed,  though  Clegg 
has  reported  cultivation  in  association  with  amoebae. 

The  bacilli,  which,  as  will  be  shown  later,  exist  practically  all 
over  the  body  wherever  diseased  tissue  is  found,  leave  it  by  the 
nasal  secretion,  the  tears,  the  salivary  secretion,  the  sputum,  the 
milk,  the  semen,  urethral  and  vaginal  secretions,  and  by  the  fseces, 
and  are  cast  off  with  the  scales  of  skin  or  the  discharge  of  disin- 
tegrating tubercles.  Of  all  these,  the  secretion  of  the  nose  appears 
to  be  of  great  importance,  for,  as  Sticker  and  Van  Houten  showed, 
the  bacilli  are  very  commonly  met  with  in  that  situation.  The 
bacilli  are  reported  to  have  been  found  in  Culex  pungens  and  Cimex 
lectularius  by  Goodhue,  of  the  Molokai  Leper  Settlement.  Finally, 
it  may  be  stated  that,  notwithstanding  one  or  two  observations. 
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the  bacillus  has  never  been  found  in  earth,  dust,  air,  water,  or 
food. 

With  regard  to  inoculations  into  animals,  experiments  have  been 
negative  in  rabbits,  guinea-pigs,  dogs,  cats,  bats,  pigs,  and  birds, 
even  though  some  experiments  were  thought  at  the  time  to  be 
successful.  Nicolle  produced  a  hard  indolent  swelling  with  a  few 
lepra  bacilli  by  injection  of  leprous  tissue  in  a  Macacus  monkey; 
Marchoux  and  Bourret  have  made  inoculation  experiments  in  a 
chimpanzee  with  partial  success.  In  rats  a  peculiar  skin  disease, 
somewhat  resembling  leprosy,  occurs  spontaneously,  as  observed 
by  Dean  and  Rabinowitsch. 

With  regard  to  the  experimental  inoculation  of  human  beings, 
the  only  case  cited  as  successful  is  Arning's  inoculation  of  a  Sand- 
wich Island  criminal  in  the  arm  with  a  leprous  tubercle.  This 
man  developed  a  neuritis  of  the  ulnar  and  median  nerves  four 
weeks  after  the  inoculation,  a  tubercle  five  months  later,  the  full 
signs  of  leprosy  two  and  a  half  years  later,  and  died  a  leper  six 
years  after  the  inoculation.  It  is,  however,  to  be  noted  that  he 
lived  in  a  leprous  country,  and  that  there  was  leprosy  in  his  family — 
facts  which  decrease  the  importance  of  the  experiment. 

There  can,  however,  be  no  real  doubt  that  the  disease  is  in  some 
way  spread  from  human  being  to  human  being.  In  support  of  this 
there  are  many  well-known  facts — e.g.,  the  case  reported  by  Benson, 
where  an  Irishman,  having  acquired  leprosy  in  the  West  Indies, 
returned  to  Ireland,  and  died  from  the  effects  of  the  disease  in 
about  eleven  months.  During  this  period  his  brother  not  merely 
lived  with  him,  but  slept  in  the  same  bed,  and,  after  his  death,  wore 
his  clothes.  In  about  four  to  five  years  this  brother  showed  all 
the  typical  signs  of  tubercular  leprosy,  though  he  had  only  once 
been  out  of  Ireland,  and  then  only  to  visit  England.  Another 
similar  case  may  be  quoted  of  a  person  who,  acquiring  leprosy  in 
Tonkin,  returned  to  Strasburg  and  lived  with  a  nephew,  who 
subsequently  developed  the  disease.  Turning  to  the  evidence  of 
history,  there  is  the  spread  of  leprosy  throughout  Europe,  and, 
later,  the  rapid  spread  of  the  disease  in  the  Sandwich  Islands, 
where,  though  existing  probably  for  many  years,  it  increased  from 
1859,  when  it  was  hardly  known,  till  in  1881  no  less  than  800  lepers 
were  isolated,  and  it  is  said  that  no  less  than  one-tenth  of  the 
population  were  affected.  Another  instance  is  the  case  of  New 
Caledonia,  in  which  the  disease,  though  now  common,  is  believed 
to  have  been  introduced  for  the  first  time  in  i860,  and  Pine  Island, 
whi  ch  is  said  to  have  been  infected  from  New  Caledonia  ;  or 
Mauritius,  which  was  infected  by  a  single  leper,  and  from  which, 
later,  the  island  of  Rodriguez  was  infected,  also  by  a  single  leper. 

As  to  individual  cases  of  infection  by  residence  among  lepers, 
the  most  noted  is  that  of  Father  Damien  de  Venster,  who  went 
from  Belgium  as  a  missionary  to  the  Molokai  Leper  Asylum  of  the 
Sandwich  Islands  in  1873,  and  who  was  first  recognized  to  be  suffer- 
ing from  the  disease  in  1883,  from  which  he  died  in  1889. 
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Again,  the  prophylactic  success  of  even  partial  isolation  of  lepers, 
as  evinced  in  Europe  in  the  thirteenth  and  fourteenth  centuries, 
and  to-day  in  Norway,  Sweden,  and  Iceland,  is  in  favour  of  the 
view  that  the  disease  passes  from  man  to  man.  But  it  is  not  wise 
to  hastily  conclude  that  this  transference  is  direct,  for  any  of  the 
above  cases  are  easily  explicable  by  the  disease  being  conveyed 
by  food  or  biting  animals.  The  success  of  partial  isolation  might 
be  simply  to  diminish  the  chance  of  infection  by  these  means. 
Moreover,  the  fact  that  the  attendants  of  the  Hendela  Leper 
Asylum  of  Ceylon  have  so  far  not  been  known  to  contract  the 
disease  is  against  the  theory  of  direct  contagion.  Further,  though 
there  is  evidence  that  married  people  may  both  suffer  from  the 
disease,  there  is  no  proof  that  sexual  intercourse  is  a  means  of 
infection.  Nor  is  there  any  evidence  of  heredity  being  a  source 
of  infection,  for  never  has  a  child  been  born  in  a  leprous  condition. 

If  the  germs  are  not  carried  from  one  person  to  another  by  con- 
tact, sexual  or  germinal  transmission,  they  might  still  be  con- 
veyed by  air,  dust,  water,  or  food,  and,  indeed,  all  these  theories 
have  their  supporters. 

It  does  not  appear  likely  that  it  is  conveyed  by  air,  otherwise  it 
would  surely  be  spread  more  commonly  from  patients  to  attendants 
in  leper  asylums.  With  regard  to  dust,  it  is  quite  true  that,  though 
some  persons  report  the  presence  of  a  very  few  bacilli  in  earth 
taken  from  places  frequented  by  lepers,  the  majority  have  failed 
to  find  them  ;  and,  again,  what  has  been  remarked  with  regard  to 
air  also  applies  to  dust.  The  germs  have  never  been  found  in  the 
water  of  the  most  highly  infected  places. 

Many  articles  of  food  have  been  suspected,  especially  fish,  and 
more  particularly  salted  fish — a  view  which  Sir  Jonathan  Hutchin- 
son has  strongly  advocated  ;  but  even  he  admits  that  it  will  not 
explain  all  cases,  particularly  its  presence  in  people  who  have  no 
chance  of  eating  even  cured  fish. 

After  excluding  all  these,  there  is  still  the  possibility  of  the  in- 
fection being  carried  by  some  blood-sucking  insect.  This  subject  has 
been  most  ably  discussed  by  Nuttall,  who  points  out  that  Linnseus 
and  Rolander  considered  Chlorops  [Musca]  leprce  to  be  the  active 
agent,  while  Corredor  suspected  flies  in  general,  Sabrazes  insects, 
Joly  Sarcoptes  scabiei  and  Pediculi,  and  Sommer  mosquitoes. 
Nuttall  himself  says  that  the  possibility  of  such  transmission 
cannot  be  denied.  Goodhue  has  demonstrated  the  bacilli  in  Culex 
pungens  and  in  Cimex  lectularius  ;  and  Marchoux  and  Bourret  have 
suggested  that  some  Simulidffi  might  be  the  carriers  of  the  disease. 

It  might  be  thought  that,  direct  inoculation  having  failed,  the 
infection  by  means  of  insects  would  be  unlikely.  But  that  is  not 
so,  because  it  is  well  known  that  the  passage  of  bacilli  through 
another  animal  may  markedly  modify  the  virulence  of  the  germ. 
On  the  other  hand,  a  great  many  facts  are  in  favour  of  the  insect 
spread  of  the  disease — e.g.,  the  infection  in  a  family.  The  cases 
cited  above  as  examples  of  contagion  would  be  easily  explicable 
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by  the  action  of  an  insect,  as  would  the  effect  of  isolation  in  pre- 
venting the  disease.  Moreover,  the  predisposing  causes  of  dirt, 
poverty,  etc.,  are  also  explicable  on  the  same  reasoning;,  especially 
the  curious  disappearance  of  the  disease  in  the  families  of  Nor- 
wegian peasants  emigrating  to  America,  where  they  became  much 
cleaner  in  their  habits.  The  difficulty  of  cultivating  the  germ  on 
ordinary  media  is  very  suggestive  of  its  being  accustomed  to  live 
solely  in  animal  tissues ;  while  the  abundance  of  the  baciUi  in  the 
skin  is  also  suggestive  of  that  being  the  natural  method  of  leaving 
the  body.  Everything  in  the  history  of  the  disease  appears  to 
favour  its  spread  by  animal  agency. 

Natives  of  Ceylon  generally  state  that  the  disease  begins  after  a  bite  by  a  rat. 

Pathology. — According  to  different  theories,  the  bacillus  enters 
the  body  via  the  skin,  the  nasal  or  respiratory  mucosae,  the  ali- 
mentary canal,  or  the  generative  organs. 

The  list  is  so  comprehensive  that  it  wiU  be  obvious  that  the  real 
method  of  entry  is  entirely  unknown.  On  arrival  inside  the  body, 
the  bacillus  is  supposed,  to  come  to  rest  inside  a  lymph-space  some- 
where, and  there  to  grow  and  form  colonies,  from  whence  it  can  be 
disseminated  through  the  body,  perhaps  by  the  blood  and  the 
lymph  streams.  It  must  be  remembered,  however,  that  the 
nature  of  the  initial  lesions  is  quite  unknown.  So  enormously  do 
the  bacilli  multiply  in  the  body  that  there  are  few  diseases  which 
show  an  equal  infection. 

The  pathogenesis  of  the  lesions  is  not  very  well  known,  and  there  are  many 
points  of  dispute  which  so  far  have  not  been  settled.  The  early  stages  have 
been  most  carefully  studied  by  Unna  in  the  neurolepride,  in  which  there  is 
at  first  a  dilatation  of  the  capillary  vessels  of  the  skin,  on  the  walls  of  which 
Ihe  typical  bacilli  can  be  found.  The  organisms  now  pass  into  the  wall  of 
the  vessel,  and  appear  to  irritate  the  connective-tissue  cells  of  the  vicinity, 
which,  becoming  plasma  cells,  surround  the  periphery  of  the  vessel. 

There  is  a  dispute  as  to  whether  any  diapedesis  of  the  white  cells  takes 
place.  Thus  Thin  and  Neisser  support  the  view  of  a  diapedesis,  to  which 
however,  Unna  is  opposed.  According  to  the  former  observers,  the  cells  of 
the  leproma  contain  not  merely  plasma  cells,  but  also  leucocytes  and  lym- 
phocytes, while  according  to  the  latter  they  are  entirely  plasma  cells  and  their 
derivatives,  for  Unna  holds  the  view  that  the  bacillus  has  but  little  attraction 
for  the  white  cell.  The  organisms  pass  from  the  vessel-wall  into  the  lymph 
capillaries,  in  which  they  grow.  These  early  stages  have  not  been  seen  in  the 
typical  leproma,  in  which  the  baciUi  from  the  first  are  met  with  in  the  lym- 
phatics, in  which  they  grow  luxuriantly,  causing  the  considerable  dilatation 
which  is  a  marked  feature  of  the  lesion. 

Now  occurs  a  phenomenon  concerning  which  there  is  much  difference  of 
opinion,  for  either  the  plasma  cells  increase  in  size,  and,  becoming  multi- 
nucleated, engulf  the  bacilli,  forming  in  this  way  the  typical  '  lepra  cells  ' 
of  Virchow — a  view  supported  also  by  Neisser  and  others — or  the  bacilli 
attack  the  plasma  cells,  destroy  their  cytoplasm,  and  so  damage  the  nucleus 
that  it  becomes  achromatic  and  breaks  into  several  pieces,  which  remain  sur- 
rounded by,  or  on  side  of  a  mass  of  bacilU  embedded  in  mucus,  thus  giving 
rise  to  a  false  appearance  of  a  giant  cell  or  chorio-plaque  enclosing  bacilli, 
as  asserted  by  Unna  and  others.* 

*  Unna's  staining  method  with  Victoria  blue  and  saffranin  colours  normal 
bacilli  blue,  and  dead  bacilli  yellow. 
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The  lesions  show  large  cells — the  '  lepra  cells,'  containing  large  masses  of 
bacilli — but  in  addition  to  these  cells  there  are  also  masses  of  bacilli  embedded 
in  mucus,  and  not  enclosed  in  cells,  which  are  the  '  globi '  of  older  writers, 
and  which  in  fresh  preparations  appear  as  large,  rounded,  brownish  masses. 
Sometimes  typical  giant  cells,  called  '  Langhans'  cells,'  are  seen,  but  these 
are  really  tubercular  in  origin.  Marchoux  and  Bourret  consider  the  so-called 
lepra  cells  to  be  un  distinguishable  from  the  large  mononuclear  leucocytes. 

The  bacilli  do  not  invade  the  surface  epithelium,  nor  a  layer  of  the  cutis 
directly  below  this  ;  nor  do  they  affect  the  sweat  glands,  nor  the  hair  sheaths 
superficial  to  the  opening  of  the  sebaceous  glands. 

The  typical  leproma,  therefore,  shows  superficially  epithelium,  normal  in 
every  respect,  except  that  there  are  no  interpapillary  processes.  Below  the 
epithelium  there  is  a  layer  of  connective  tissue,  free  from  bacilli,  under 
which  lies  the  typical  lesion,  composed  of  lepra  cells,  plasma  cells,  and  con- 
nective-tissue cells,  separated  by  a  very  sUght  amount  of  fibrillar  connective 
tissue,  and  containing  vessels,  whose  walls  are  thickened  by  an  infiltration  of 
the  adveutitia,  media,  and  intima  to  such  an  extent  that  at  times  the  lumen 
may  be  obliterated,  while  the  lymphatic  spaces  are  dilated  and  filled  with 
bacilli  surrounded  by  mucus,  forming  the  '  globi.'  Beneath  the  lesion  the 
connective  tissue  may  be  more  or  less  normal. 

The  attacks  of  fever  and  the  erysipelatous  eruptions,  which  will  be  described 
under  the  Sjrmptomatology,  are  explicable  by  the  dissemination  of  the  bacilli 
throughout  the  body  by  the  blood-stream,  the  bacilli  being  contained  in  the 
large  mononuclear  leucocytes,  according  to  Marchoux  and  Bourret,  and  the 
embolism  of  the  capillaries  of  the  skin  by  bacilli  and  white  cells,  which,  how- 
ever, are  soon  recovered  from. 

Lesions  may  remain  stationary  for  years,  and  retrogression  may  take  place 
as  the  result  of  treatment,  or  spontaneously,  in  which  case  the  dead  bacilh 
are  absorbed,  and  sac-like  spaces  left,  which  rarely  become  sclerosed  by 
connective  tissue.  If  on  a  surface,  the  leproma  may  soften,  break  down,  and 
ulcerate,  thus  disseminating  the  bacilli  in  the  discharge. 

The  bacilli  may  also  enter  into  the  nerves  and  cause  a  hyperplasia  of  the 
connective-tissue  cells  of  the  coats  and  the  formation  of  typical  leproma 
cells  at  first  around  the  vasa  nervorum,  and  later  in  the  perineurium  and 
endoneurium. 

These  cells  press  on  the  nerve  fibres,  causing  a  degeneration  of  the  neuri- 
lemma, and  later  a  disintegration  of  the  arteries  and  a.  destruction  of  the 
nerve  fibres,  which  finally  results  in  the  nerve  being  largely  converted  into 
connective  tissue.  In  places  where  the  nerve  is  apt  to  suffer  from  compres- 
sion or  other  slight  injuries,  it  becomes  so  thickened  as  to  be  easily  palpable — 
d,  fact  which  Lie  explains  by  saying  that  the  baciUi  which  he  found  in  the 
cutaneous  nerves  pass  up  the  nerves  and  become  located  at  spots  liable  to 
injury. 

It  is  usually  beUevedthat  the  nerves  only  are  affected,  and  that  the  paralyses, 
etc.,  are  the  results  of  disease  of  the  peripheral  nerves,  but  recently  it  has  been 
shown  that  the  bacilU  attack  the  anterior  cornua  of  the  spinal  cord,  and 
therefore  this  may  play  a  part  in  the  production  of  the  symptoms. 

The  bacilli  may  be  carried  by  the  blood-stream  all  over  the  body,  but  show 
a  selective  affinity  for  certain  organs,  in  which  they  develop  the  typical 
leprotic  lesions.  A  certain  number  of  leprotic  subjects  react  to  tuberculm 
injections,  and  give  a  positive  Wasserman's  reaction. 

Morbid  Anatomy. — The  skin  lesions  which  may  be  found  are  the 
tubercles,  which  may  or  may  not  be  ulcerated,  the  pigmented 
and  apigmented  areas.  On  cutting  into  the  leproma,  it  is  seen  to  be 
situated  usually  in  the  cutis,  and  covered  by  the  epidermis  ;  but  it 
may  lie  in  the  subcutaneous  tissue,  in  which  case  it  does  not  form 
a  tubercle.  It  is  yellowish-white  in  colour,  firm  in  consistency, 
and  if  squeezed,  usually  a  httle  clear  fluid  can  be  obtained.     It 
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will  be  noted  that  the  sweat  and  sebaceous  glands  and  the  hair- 
follicles  are  compressed  and  as  a  rule  atrophied,  while  vesicles 
and  pustules  may  occur  on  the  surface,  which  may  be  ulcerated 
and  covered  with  crusts.  The  macules  consist  of  round-celled 
infiltration,  with  but  few  large  cells,  which  are  generally  free  from 
bacilli.  In  the  spots  which  during  life  were  anaesthetic,  which  are 
derived  from  the  macules,  the  corium  is  largely  converted  into 
fibrous  connective  tissue,  which  has  caused  glands  and  hairs  to 
atrophy  and  disappear. 

The  typical  lepromatous  infiltration  may  occur,  not  merely  in 
the  skin,  but  in  the  mucosae  of  the  tongue,  pharynx,  larynx,  epi- 
glottis, and  in  the  submucosse  of  the  intestine. 

The  liver,  which  is  usually  enlarged,  shows  a  leprous  infiltration 
of  the  portal  systems,  while  the  spleen,  which  may  also  be  enlarged, 
shows  the  same  along  the  course  of  its  vessels,  particularly  while 
they  are  in  the  septa,  and  a  similar  infiltration  may  be  seen  at  times 
around  the  bronchi. 

The  ovaries  and  testes  may  show  infiltrations  and  fibrosis  of  the 
interstitial  tissue,  which  destroys  the  secretory  elements,  and 
causes  the  sterility  which  is  usually  so  marked  among  lepers.  The 
lymphatic  glands  are  often  enlarged,  infiltrated,  and  full  of  bacilli, 
especially  the  femoral.  Nephritis  and  leprous  infiltration  of  the 
kidneys  may  be  seen.  The  nerves  most  commonly  affected  are  the 
palmar  branch  of  the  ulnar,  the  ulnar,  the  median,  the  peroneal, 
posterior  tibial,  and  the  great  auricular.  When  exposed,  the  nerve 
is  seen  to  show  a  fusiform,  reddish-grey  swdHng,  which,  when 
examined,  is  found  to  consist  of  lepromatous  tissue  lying  among  the 
nerve  fibres. 

In  the  spinal  cord  there  may  be  posterior  sclerosis  and  meningitis, 
though  it  is  doubtful  whether  these  are  really  due  to  the  disease 
or  to  some  complication.  The  cells  of  the  posterior  cornu  have 
been  said  to  be  atrophied,  as  well  as  those  of  the  anterior  cornu, 
in  which  Lie  has  found  bacilli. 

In  the  circulatory  organs  peri-  and  endarteritis,  phlebitis,  are 
met  with,  while  osteomyelitis,  necrosis,  caries,  and  absorption  of 
the  bones  may  be  seen,  and  will  be  mentioned  again  later.  Trophic 
changes  in  the  joints  and  perforating  ulcers  are  met  with  in  the 
nerve  form  of  the  disease. 

Symptomatology.— The  incubation  period  is  entirely  unknown, 
and  must  necessarily  remain  so  until  the  method  of  infection  and 
the  date  of  the  onset  of  the  disease  is  discovered  ;  hence  the  state- 
ments made  by  the  different  observers  that  it  may  last  for  a  few 
weeks  or  months  up  to  many  years.  The  method  of  invasion  is 
also  quite  unknown.  Sticker  suggests  that  it  begins  with  nasal 
symptoms— blocking  of  the  nose,  epistaxis,  and  frontal  headache  ; 
other  observers  with  skin  eruptions.  The  truth  appears  to  be 
that  so  far  the  initial  lesions  and  their  symptoms,  if  any,  have 
escaped  notice. 

Before  the  eruption  appears  there  are,  in  many  cases,  attacks  of 
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fever  of  an  intermittent  or  irregular  character,  with  a  marked 
feehng  of  general  illness,  associated  with  headache  and  pains  in 
different  parts  of  the  body,  peculiar  sensations  of  cold,  formication 
or  numbness  m  various  places,  and,  above  all,  of  abnormal  local  or 
general  perspirations.  These  attacks  of  leprotic  fever,  without  any 
definite  clinical  signs  of  leprosy,  may  occur  at  intervals  for  years. 
This  fever  is  probably  due  to  the  dissemination  of  the  bacilli  through 
the  body,  and  may  represent  a  septicsemic  process  due  to  the 
Bacillus  lepra. 

After  the  general  dissemination  through  the  body,  the  bacilli 
appear  to  settle  mainly  in  the  skin  or  in  the  nerves,  though,  of 
course,  there  are  many  cases  in  which  they  settle  in  both.  It  is 
therefore  convenient  to  distinguish  the  two  varieties  of  the  disease, 
first  differentiated  by  Danielssen  and  Boeck — viz.,  'lepra  tuber- 
culosa,' or  '  nodular  leprosy,'  and  '  lepra  maculo-anasthetica,'  or 
'  smooth  leprosy  ' — remembering  that  the  division  is  artificial,  and 
that  numerous  cases  exist  which  show  both  forms. 

TUBERCULAR  LEPROSY. 

After  repeated  attacks  of  fever  the  patient  has  a  more  severe  one, 
during  which  an  erythematous  diffuse  or  macular  eruption  appears 
on  the  face  and  limbs.  The  fever  subsides,  and  the  maculae  may  dis- 
appear or  thicken  and  become  tubercles,  which  are  dermal  lesions 
projecting  from  the  skin  or  muscosse,  in  addition  to  which  there  are 
subdermal  infiltrations,  which  can  be  more  easily  felt  than  seen. 
If  they  disappear,  it  is  only  for  the  time,  as  new  maculae  will  appear 
with  a  new  attack,  and  sooner  or  later  the  thickening  will  take 
place,  and  the  nodules  or  tubercles,  typical  of  the  disease,  will 
appear.  Each  outbreak  of  nodules  is  in  some  cases  preceded  by 
an  attack  of  fever,  with  or  without  an  erysipelatous-like  eruption 
in  the  area  to  be  affected,  associated  with  the  enlargement  of  the 
lymphatic  glands.  In  our  experience,  however,  the  fever  may  be 
absent  in  many  cases. 

The  nodules  may  form  all  over  the  skin,  but  are  most  common 
on  the  face  and  limbs.  In  the  former  situation  they  appear  on  the 
forehead,  cheeks,  alae  of  the  nose,  lobules  of  the  ears,  lips,  and  chin, 
and  as  they  increase  in  size,  totally  alter  the  appearance  of  the 
patient,  defacing  the  natural  facial  lines,  and  forming  new  furrows 
between  adjacent  nodules  ;  while  at  the  same  time,  in  many  cases, 
the  hair  of  the  beard,  moustache,  and  eyebrows  drops  out.  These 
changes  result  in  the  countenance  becoming  like  that  of  a  satyr  or, 
when  the  furrows  are  more  marked,  like  that  of  a  lion ;  hence  the 
terms  '  satyriasis  '  and  '  leontiasis,'  which  the  ancients  applied  to 
the  disease. 

Eye  lesions  are  more  commonly  met  with  in  this  form  of  the 
disease,  for  Borthen,  as  the  result  of  his  investigations,  concludes 
that  only  8-o8  per  cent,  of  women  and  1-67  per  cent,  of  men  suffer- 
ing from  tubercular  leprosy  escape  without  some  form  of  disease  of 
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the  eyes  or  their  adnexa.  Women  are,  however,  less  affected  than 
men,  but  age  shows  no  influence  on  the  production  of  eye  affections. 
In  tubercular  leprosy  the  eye  is  attacked  by  genuine  leprotic  lesions, 
and  secondary  infections  are  rare. 

The  supraciliary  region,  as  has  already  been  mentioned,  is  early 
attacked,  and  complete  madarosis  is  not  uncommon,  and,  later, 
paralysis  of  the  frontalis  muscle  sets  in.     The  eyelids  are  often 


Fig.  313. — Leprosy  showing  the  Erysipelatous-like  Eruption 
ON  THE  Arms  and  Face. 


attacked  by  diffuse  or  nodular  lepromata,  which  may  be  merely 
extensions  from  the  disease  already  attacking  the  supraciliary 
region,  or  may  be  quite  distinct  lesions.  As  a  result  of  ulceration 
of  these  nodules,  the  eyelids  may  be  destroyed. 

The  conjunctiva  may  be  infiltrated,  leading  to  hypersemia,  or, 
more  rarely,  anaemia,  and  producing  lagophthalmos,  ectropion,  and, 
if  cicatrization  takes  place,  xerophthalmia. 

The  episclera  is  apt  to  become  infiltrated  along   the  external 
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aspect  of  the  corneo-sclerotic  junction,  resulting  in  white,  grey,  or 
yellow  flattish  masses,  which  spread  round  the  cornea  dorsally  and 
yentrally,  and  are  prone  to  invade  its  tissue  in  the  form  of  a  diffuse 
infiltration,  which  spreads  from  the  outer  side  towards  the  pupil. 

More  rarely  small  spots  form  on  the  cornea,  giving  rise  to  the 
'  keratitis  punctata  leprosa '  of  authors. 

The  disease  may  also  spread  to  the  uveal  region,  in  the  form  of 
an  infiltration,  which  causes  an  anterior  or  posterior  iritis  ;  or,  more 


Fig  314. — Typical  Tubercular  Leprosy,  showing  the 
Leonine  Expression,  the  Thickened  Superciliary 
Ridges,  and  the  Madarosis. 

rarely,  nodules  may  form  in  the  ciliary  body  or  near  the  canal  of 
Fontana,  giving  rise  to  an  irido-cyclitis  or  indo-choroiditis. 

Lie  has  studied  the  pathology  of  these  lesions,  and  has  shown 
that  it  is  rare  for  the  optic  nerve,  the  retma,  the  lens,  and  tiie 
vitreous  humour  to  be  affected.  .  ,     ^    ^  1.1    1  •      „^ 

The  mucosee  of  the  nose  may  be  attacked,  with,  first  blocking  ot 
the  passage,  and  then,  when  the  leproma  extends  down  to  the 
cartilage  and  ulcerates,  failing-in  or  destruction  of  the  nose,  ^vlth 
much  disfiguration  of  the  countenance,  resulting  from  the  cica- 
trization which  follows  the  ulceration.     The  tongue  may  also  be 
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affected,  and  show  numerous  tubercles,  separated  by  furrows,  or 
it  may  be  simply  infiltrated.  The  walls  of  the  mouth  and  pharynx 
may  become  lepromatous,  which  causes  mastication  and  deglutition 
to  be  rendered  diiificult,  while  ,the  same  condition  in  the  larynx 
makes  the  voice  raucous,  and  may  impede  respiration,  especially 
if  there  is  ulceration  and  cicatrization. 

The  skin  of  the  hands,  arms,  and  legs  also  shows  numerous  raised 
tubercles,  which  may  ulcerate.     The  submaxillary,  cervical,  and 


Fig.  315. — Diffuse  Infiltration  of  Both  Corneas  and  Deformities 
IN  THE  Fingers  of  the  Right  Hand. 

femoral  glands  may  be  enlarged,  and  may  suppurate.  The  testes 
often  become  fibrous,  and  menstruation  becomes  irregular  and  stops. 
In  the  early  stages  the  blood  shows  no  changes,  but  later  it 
shows  a  diminution  in  the  erythrocytes  and  a  lowering  in  the  colour- 
index.  The  red  cells  may  show  abnormalities  in  the  form  of  poikilo- 
cytes,  polychromatophilia,  and  basophilia.  The  number  of  leuco- 
cytes is  generally^normal,  or,  according  to  Bourret,  diminished  ; 
while ,  this  observer  records  an  eosinophilia  in  all  stages    of    the 
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disease,  which  he  says  may  at  times  be  quite  considerable.  Neutro- 
phile  myelocytes  may  also  be  observed.  According  to  our  researches 
the  leucocytic  formula  is  extremely  variable,  and  is  of  no  help  in 
the  diagnosis  of  the  malady.  Some  authors  state  that  they  have 
found  the  specific  bacillus  in  leucocytes,  or,  more  rarely,  free  in  the 
peripheral  blood. 

There  are  not  many  observations  upon  the  urine.     The  most 
marked  feature  is  a  great  increase  in  the  ethereal  sulphates.  Brinton, 


of  Rio  de  Janeiro,  has  isolated  two  ptomaines  from  the  unne,  one 
allied  to  choline  and  the  other  to  muscarine. 

The  nerves  may  become  attacked,  and  the  signs  and  symptoms 
of  nerve  leprosy  be  added  to  those  of  the  tubercular,  formmg 
a  variety  ofjmixed  leprosy. 
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The  ulcerations  generally  become  marked  towards  the  end  of 
the  disease.  If  treated,  they  cicatrize  and  produce  deformities ; 
if  left  to  themselves,  they  suppurate  and  produce  amyloidosis,  or, 
becoming  phagedsenic,  cause  gangrene  of  the  fingers  or  toes,  and 
septic  poisoning. 

Complications,  in  the  form  of  phthisis  and  amyloidosis,  appear, 
causing  fever,  cough,  and  expectoration,  diarrhoea,  and  enlargement 
of  liver  and  spleen. 

Unfortunately,  in  the  midst  of  disease  of  almost  every  organ 
of  the  body,  the  mind  is  quite  clear  ;  but  the  patients  are  most 
irritable,  and  it  is  not  surprising  that,  under  these  circumstances, 
the  patients  of  a  leper  asylum  require  considerable  tact  in  manage- 
ment, and  are  often  peevish  and  discontented,  and  that  small 
rebellions  occur. 

MACULO-ANiESTHETIC  LEPROSY. 

In  this  form  of  leprosy  the  infiltration  takes  place  principally 
into  the  nerves,  with  the  result  that  first  the  fibres  are  irritated, 
and  later  they  become  destroyed.  The  first  stage  is  therefore  one 
of  irritation  of  the  nerves,  with  such  symptoms  as  shooting-pains 
down  certain  nerves,  especially  the  ulnar  and  the  peroneal,  accom- 
panied with  sensory  disturbances,  such  as  burning,  numbness, 
formication,  along  with  vasomotor  disturbance — e.g.,  flushings  of 
the  face,  glossy  skin — and  motor  disturbance,  such  as  twitching 
of  the  muscles,  particularly  of  the  face. 

Sooner  or  later  a  macular  eruption  appears,  which  is  looked  upon 
by  some  as  due  to  a  lepromatous  infiltration  of  the  skin,  and  by 
others  as  nervous  in  origin.  This  macular  eruption  may  appear 
as  flat  red  spots  of  various  shapes  and  sizes,  neither  hypersesthetic 
nor  anaesthetic  at  first,  which  appear  without  fever  or  any  general 
disturbance  of  the  health.  Other  maculee  may  appear  which, 
instead  of  being  red,  are  simply  pigmented,  while  still  others  may 
be  seen  in  which  the  pigmentation  is  less  than  usual.  In  any  case, 
the  spots  grow  larger,  the  centres  becoming  pale,  whUe  the 'peri- 
pheries, which  are  usually  raised,  and  occasionally  marked  with 
papules  or  vesicles,  or  covered  with  dry  whitish  scales,  may 
coalesce  with  other  spots,  forming  large  areas. 

The  skin  in  the  affected  area  becomes  anaesthetic  ;  the  hairs  fall 
out,  and  wrinkles  and  scales  appear.  After  a  time  the  areas  cease 
to  spread,  the  raised  margin  disappears,  and  the  disease  becomes 
quiescent. 

Meanwhile  the  infiltration  into  the  nerve  trunks  has  proceeded 
to  such  an  extent  that  a  swelling  can  be  easily  felt  in  certain  regions 
— as,  for  example,  in  the  ulnar  behind  the  internal  condyle,  in  the 
great  auricular  over  the  sterno-mastoid,  in  the  peroneal  just  below 
the  head  of  the  fibula,  and  in  other  nerves  in  suitable  places  if 
affected.  With  the  destruction  of  the  nerve  fibres,  the  hyper- 
sesthetic stage  ceases  and  the  anaesthetic  stage  of  the  disease  begins. 
This  is  to  be  noticed  along  the  ulnar  side  of  the  hand,  forearm,  and 
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arm,  or  on  the  inner  side  of  the  foot,  first  of  all,  and  afterwards  in 
other  places.  It  may  be  segmental  in  arrangement,  restricted  to 
the  distribution  of  a  nerve,  or  in  patches.  At  the  same  time  the 
muscles  begin  to  be  paralyzed,  notably  the  interossei  of  the  hands, 
but  also  those  of  the  foot,  if  carefully  looked  for.  The  lower  efferent 
neurones  being  affected,  the  symptoms  resemble  those  of  muscular 


Fig.   317. — Maculo-An^sthetic  Leprosy. 

atrophy  of'  the  Aran-Duchenne  type,  with  the  production  of  the 
main-en-griffe  and  the  extension  of  the  paralysis  to  the  muscles  of 
the  forearm,  and  even  at  times,  according  to  Jeanselme,  to  the 
deltoid.  As  a  result  of  the  paralysis  of  the  muscles  of  the  fore- 
arm the  occurrence  of  dropped  wrist  is  not  uncommon. 
In  the  lower  limb  the  plantar  muscles  of  the  toes  may  be  affected, 
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while  the  spread  of  the  paralysis  to  the  peronei  and  extensors  may 
result  in  a  dropped  foot  with  an  internal  twist.  The  reflexes  are 
exaggerated  at  first,  but  when  paralysis  sets  in  they  diminish,  and 
when  the  muscles  waste,  the  reaction  of  degeneration  may  be 
obtained  electrically. 

Trophic  lesions  may  also  appear  in  the  form  of  whitlows  in  the 
fingers  and  necrosis  of  the  phalanges,  or,  instead  of  this,  a  simple 
absorption  of  the  bone  of  the  ph^anx  or  metacarpal,  so  that  the 
nail  may  ultimately  appear  to  spring  from  the  metacarpal,  the 
wrist,  or  even,  it  has  been  said,  from  the  elbow.  Similar  trophic 
lesions  may  appear  in  the  foot.  Bullae  may  appear  on  the  hands 
or  feet,  and  when  broken  may  form  ulcers.  Injuries  to  anesthetic 
areas  may  also  result  in  ulcers,  which  may  be  of  the  perforating 
type.  Fissures  may  form  in  the  digits,  hands,  or  feet,  and,  more 
rarely,  dry  gangrene  may  cause  loss  of  the  fingers  or  toes,  or  greater 
portions  of  the  limbs',  and,  still  more  rarely,  the  bones  of  the 
fingers  will  soften  and  become  osteomalacic.  Trophic  lesions  of 
the  elbow  or  knee,  like  Charcot's  joints,  have  been  recorded. 

Jeanselme,  Bourrett,  and  one  of  us  have  studied  the  cerebro- 
spinal fluid,  and  have  found  in  a  few  cases  a  lymphocytosis,  but 
more  usually  no  cells  or  bacilli. 

The  eye  is  far  less  commonly  affected  than  in  the  tubercular  variety, 
Borthen's  figures  showing  that  in  anaesthetic  leprosy  no  less  than 
36-83  per  cent,  of  the  female  cases  and  26-80  per  cent,  of  the  male 
cases  escape  without  eye  complications.  True  leprotic  lesions  are 
much  rarer,  the  eye  being  damaged  by  secondary  infections  brought 
about  by  the  absence  of  the  lachrymal  secretion  and  the  lagoph- 
thalmos.  The  forehead  and  supraciliary  regions  are  often  red- 
dened and  oedematous,  but  complete  madarosis  is  rare ;  while 
paralysis  of  the  frontalis,  corrugator  supercilii,  and  orbicularis 
palpebrarum  cause  lagophthalmos  and  ectropion ;  and  as  there  is 
a  diminution  in  the  secretion  of  tears,  xerophthalmia  with  posterior 
or  total  symblepharon,  while  desiccation  and  destruction  of  the 
cornea  may  result. 

Secondary  infections  may  lead  to  keratitis,  onyx,  hypopyon, 
iritis,  irido-cyclitis,  and  destruction  of  the  eye. 

Sterility  is  not  so  frequent  in  nerve  as  in  the  tubercular  leprosy. 
The  skin  may  become  infected  at  an  early  or  late  stage  of  nerve 
leprosy,  thus  forming  one  of  the  types  of  mixed  leprosy. 

Mixed  Leprosy. 

This  term  has  been  used  to  comprise  those  cases  of  tubercular 
leprosy  which  develop  nerve  symptoms,  and  those  of  maculo- 
anaesthetic  leprosy  which  develop  nodules,  as  well  as  those  general 
cases  in  which  both  nerve  and  skin  lesions  advance  hand  in  hand. 

Paraleprosis.— Zambaco,  Von  Duhring,  and  Gliick  have  recently 
drawn  attention  to  various  phenomena  indicating  an  attenuated  in- 
fection in  regions  in  which  leprosy  has  long  existed.    These  conditions 
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are  mostly  nerve  or  trophic  changes— e.g.,  thickening  of  the  ulnar 
nerve,  the  curving  of  the  fingers,  the  loss  of  phalanges,  the  atrophy 
of  the  muscles  of  the  hand  or  face,  which  are  present  in  the  children 
or  grandchildren  of  lepers.  Further,  it  is  believed  by  some  authors 
that  syringomyelia  and  Morvan's  disease  may  be  modified  forms  of 
leprosy.     Paraleprosis,  however,  requires  further  investigation. 

Complications. — ^The  important  complications  of  leprosy  are 
nephritis,  phthisis,  chronic  enteritis,  and  dysentery.  Amyloidosis 
occurs  in  the  internal  organs  if  there  is  much  discharge  from 
ulcerated  surfaces. 

Diagnosis. — ^The  diagnosis  of  cases  of  the  nodular  type  is  generally 
easy,  and  may  be  readily  confirmed  bacteriologically  by  excision  of 
a  nodule  and  microscopical  examination  of  a  portion  for  Hansen's 
■bacillus,  The  diagnosis  of  the  maculo-anaesthetic  cases  presents 
greater  difficulties,  especially  as  in  most  cases  the  bacteriological 
examination  of  excised  portions  of  the  patches  will  give  a  negative 
result,  though  occasionally  the  examination  of  the  blood  taken  from 
the  patches  or  the  surrounding  zone  may  show  a  few  mononuclear 
leucocytes  containing  bacilli.  In  these  cases  the  diagnosis  must 
be  based  on  the  presence  of  anaesthesia  in  the  erythematous,  non- 
pigmented  or  hyperpigmented  patches.  Another  valuable  sign 
will  be,  in  many  cases,  the  palpable  enlargement  of  the  ulnar, 
peroneal,  and  other  nerves.  The  search  for  the  lepra  bacillus  in 
the  nasal  mucus  is  sometimes  useful  to  clear  the  diagnosis.  It  is 
to  be  noted,  however,  that  this  examination  will  give  a  positive 
result  much  more  frequently  in  nodular  cases  than  in  the  macular 
type  of  the  disease.  This  method  of  diagnosis  may  be  facilitated 
by  administering  a  full  dose  (30  grains)  of  iodide  of  potash,  which 
often  produces  nasal  catarrh.  Sometimes  this  drug  produces  a 
general  reaction  accompanied  by  fever,  and  the  appearance  of 
fresh  nodules. 

Some  authors  recommend  the  bhstering  of  the  skin,  and  examina- 
tion of  the  liquid  of  the  blebs  for  the  presence  of  Hansen's  bacillus. 
Thompson  recommends  for  diagnostic  purposes  the  injection  of 
pilocarpine,  with  the  view  of  discovering  dry  areas  in  the  sweating 
skin. 

Prognosis.— The  prognosis  is  not  good.  The  probability  of  a 
permanent  cure  is  slight,  but  the  disease  may  last  a  long  time. 
Four  to  twelve  years  is  laid  down  for  the  mixed  or  tubercular 
leprosy,  and  longer  for  the  maculo-ansesthetic,  and  duririg  that 
time  a  great  deal  can  be  done  by  appropriate  treatment ;  and,  indeed, 
the  disease  may  be  stopped  for  the  time  being,  only,  of  course,  to 
recur  again.  It  has  been  shown  recently  by  Lie  that,  even  when 
all  the  skin  eruptions  have  disappeared,  and  the  patient  is  only 
troubled  by  anesthesia  and  the  atrophy  of  the  muscles,  and  may 
be  thought  to  be  cured,  still  the  bacilli  are  present  in  the  nerves 
and  spinal  cord. 

Treatment.— So  far  no  specific  treatment  has  been  found,  though 
Carrasquilla  attempted  to  prepare  a  serum  by  the  injection  of  the 
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blood  of  lepers  into  equines,  and  Abrahams  and  Hermann  by 
inoculating  the  juice  from  lepromata  into  an  animal.  These  sera 
have  been  found  useless.  Rost  prepared  a  substance,  which  he 
called  '  leprolin,'  on  the  lines  of  tuberculin,  but,  unfortunately, 
the  bacillus  he  was  using  was  not  the  leprosy  organism.  Tuberculin 
has  been  tried  without  success,  and,  in  fact,  very  serious  symptoms 
may  follow  its  injection. 

As  regards  symptomatic  treatment,  there  is  no  doubt  as  to  the 
great  value  of  Chaulmoogra  oil,  which  should  be  obtained  by  cold 
expression  from  the  seeds  of  some  species  of  Gynocardia,  but  may 
be  adulterated  with  other  oils,  especially  that  of  Hydrocarpus 
wightiana,  or  may  be  altered  by  being  expressed  when  heated. 
It  should  be  rubbed  into  the  diseased  patches,  and  also  given 
internally  in  doses  of  5  to  10  minims,  working  up  gradually  to  30  to 
60  minims,  in  capsules,  or  in  a  pill  with  tragacanth  and  soap,  or  in  an 
emulsion,  or  as  engel-antileprol  capsules.  To  remove  the  after-taste 
a  lime  can  be  sucked.  This  treatment  must  be  persisted  in  for  a  very 
long  time,  and  should  be  combined  with  hot  baths,  and,  in  nerve  cases, 
with  doses  of  strychnine —  -g^  grain  three  times  a  day,  which  may 
gradually  be  increased.  After  a  length  of  time  it  is  as  well  to  make 
a  slight  break  in  the  treatment,  to  prevent  toleration,  and  there- 
fore Urina's  ointment  of  ichthyol,  5  per  cent. ;  salicylic  acid,  2  per 
cent. ;  and  pyrogallol,  5  per  cent.,  or  some  other  ointment,  may  be 
temporarily  substituted.  But  the  Chaulmoogra  oil  must  not  be 
long  discontinued,  and  must  be  persisted  in  for  two  years  or  longer 
if  any  good  is  to  be  obtained. 

Neumann  has  recently  advised  the  combination  of  salve  and  theonin  with 
Chaulmoogra,  given  either  by  the  mouth  or  hypodermically,  but  the  advan- 
tages are  doubtful. 

Other  remedies  are  legion — e.g.,  X  rays  have  been  well  spoken 
of,  but  must  be  pushed  to  the  extent  of  almost  burning  the  patient. 
A  lo-inch  spark-coil  with  a  bifocal  tube,  situate  7  to  10  inches 
from  the  lesion,  has  been  used.  Hypodermic  injections  of  per- 
chloride  of  mercury,  as  advocated  by  Crocker  (o-oi  gramme  every 
other  day),  have  been  found  satisfactory  at  times — a  treatment 
which  we  recommend  in  cases  at  the  very  beginning  of  the  disease. 

Cashew  nuts  (Beauperthuy  treatment)  have  been  appUed  to  the  lepromata 
with  the  idea  of  local  caustic  action.  Thyroid  gland,  salol,  salicylates,  arsenic, 
Gurjon  oil,  chlorate  of  potash,  iodine,  hypodermic  injections  of  iodoform' 
have  all  been  tried  and  found  wanting.  ' 

Recently  good  results  have  been  observed  by  using  hypodermic 
injections  of  '  nastin,'  which  is  a  fatty  principle  extracted  by 
Deycke  from  cultures  of  a  streptothrix  {Streptothrix  leproides), 
which  he  found  in  the  nodules  of  leprotic  patients.  The  nastin  is 
combined  with  benzoyl  chloride,  and  made  into  ampoules  with 
sterilized  olive  oil  by  Kolle  and  Company,  of  Biebrich,  on.  the 
Rhine.  Each  ampoule  contains  from  0-0005  to  0-0002  gramme 
of  nastin,  which  is  to  be  injected  once  a  week,  and  in  the  small 
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doses  produces  no  local  reaction,  but  in  the  larger  doses  causes 
considerable  local  inflammation.  Deycke's  views  as  to  the  method 
of  action  are  that  the  nastin  attaches  itself  to  the  lepra  bacillus, 
and  then  the  benzoyl  acts  on  the  bacillus,  damaging  it  by  removal 
of  its  fat,  when  the  normal  fluids  of  the  body  complete  its  destruc- 
tion. 

Castellani  and  Woolley,  and  more  recently  Nicholls,  have  tried 
a  vaccine  prepared  by  triturating  nodules  rich  in  bacilli  in  salt 
solution  or  broth,  then  filtering  through  gauze,  and  finally  heating 
to  60°  C.  for  an  hour. 

Pasini  has  tried  Finsen  light  and  Beurmann  radium  with  good  results,  and 
Duque,  Moreno,  and  Padilla  have  obtained  considerable  improvement,  and  it  is 
said  cures,  by  treatment  with  decoctions  of  20  to  60  grammes  or  2  to  5  grammes 
of  the  powdered  mangrove  Rhizophora  mangle,  which,  given  in  small  doses 
at  first,  and  gradually  increased,  are  well  stood,  and  produce  a  gradual 
improvement  in  the  symptoms  ;  and  in  the  course  of  a  year,  it  is  said,  cases 
may  be  cured. 

Surgical  treatment  on  the  ordinary  lines  is  required  for  ulcers, 
whitlows,  etc.  Eye  lesions  should  be  treated  as  though  the  disease 
was  non-leprous,  and  should  not  be  neglected.  Grossmann  thinks 
that  leprous  infiltration  might  be  arrested  by  the  production  of 
cicatricial  tissue,  by  a  corneal  or  pericorneal  incision. 

With  regard  to  other  measures,  lepers  should  be  provided  with 
plenty  of  fresh  air  and  good  food,  and  their  quarters  should  be 
kept  strictly  clean.  Care  should  also  be  taken  that  they  are 
supplied  with  some  form  of  light  work  and  amusement. 

Prophylaxis. — Beyond  isoktion  and  antiseptic  precautions  after 
handling  leprous  people,  nothing  more  can  be  done,  as  so  little  is 
known  about  the  causation  of  the  disease.  The  financial  burderi  of 
isolating  large  numbers  of  lepers  is  very  heavy.  Hence  the  diffi- 
culty of  carrying  out  this  very  necessary  method  of  protection 
completely  and  efficiently. 
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CHAPTER  XXXVII 
FRAMBCESIA  TROPICA  (YAWS) 

Synonyms — Definition  —  History  —  Geographical  distribution — -S;tioIogy  — 
Pathology  —  Symptomatology  —  Diagnosis  —  Prognosis  —  Treatment  — 
Prophylaxis — References. 

Synonyms. — In  the  British  Colonies  the  disease  is  usually  called 
'yaws';  in  the  French  colonies  'pian.'  In  Venezuela  and  other 
South  American  countries  the  name  '  bubas '  is  much  used.  Other 
local  names  are  '  gattoo  '  (West  Coast  of  Africa),  '  dubi '  (Gold 
Coast),  '  framosi '  (Calabar),  '  ab  oukine  '  (Gaboon),  '  tetia '  (Congo 
Coast),  '  momba '  (Angola),  '  parangi '  (Ceylon),  'buena'  (Burma), 
'  puru  '  (Borneo,  Federated  Malay  States),  '  patek  '  (Dutch  Indies), 
'  tonga  '  (New  Caledonia  and  Loyalty  Islands),  '  coco  '  (Fiji),  '  tona  ' 
(Tonga  Island),  'lupani  tono'  (Samoa),  'galis  pateros'  (some  parts 
of  the  Philippine  Islands).  The  term  'framboesia'  was  first  used 
by  Sauvage  in  1750  on  account  of  the  raspberry-like  ap|pearance  of 
the  eruptive  elements.  Charlouis  in  1882  suggested  the  term 
'  Polypapilloma  tropicum.' 

Definition. — A  tropical  specific  infectious  disease  caused  by  a 
Treponema,  and  characterized  by  a  peculiar  granulomatous  erup- 
tion. 

History. — It  has  been  suggested  by  Hume,  Adams,  and  others  that 
framboesia  was  the  disease  which  afflicted  the  Israelites  during  their 
emigration  from  Egypt,  and  that  therefore  the  term  '  saraat ' 
in  the  thirteenth  chapter  of  Leviticus  does  not  mean  leprosy,  as 
usually  translated.  AU  Abbas  and  Avicenna,  who  wrote  at  the 
end  of  the  tenth  century,  mention  a  disease  called  '  safat,'  or 
'  sahafati,'  with  symptoms  not  unhke  those  of  framboesia  ;  but  most 
authors  are  of  the  opinion  that  the  disease  referred  to  by  thff  two 
Arabian  physicians  was  syphilis.  The  study  of  the  disease  first 
began  to  engage  the  attention  of  European  physicians  after  the 
discovery  of  America.  Oviedo  y  Valdez  (1478-1557)  describes  it  m 
his  work,  '  Historia  General  e  Natural  de  las  Indias.'  Piso  (1648) 
refers  to  the  malady  in  his  work,  '  De  Medicina  Brasiliensi.'  Roche- 
fort  (1656),  Raymond  Breton  (1665),  and  Labat  (1694)  report  it 
from  the  West  Indies,  stating  that  it  occurs  frequently  among  the 
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natives  (Caribs),  who  called  it '  pyans,'  or  '  yaya.'  Bontius,  in  1718, 
reported  that  framboesia  was  endemic  not  only  in  the  West  Indies, 
but  also  in  Java,  Sumatra,  and  other  Dutch  colonies  of  the  East, 
where  it  was  known  by  the  name  of  '  anboyna  pox, '  or  '  pimple. ' 
In  the  days  of  the  slave-trade,  outbreaks  of  framboesia  frequently 
occurred  in  the  crowded  ships  carrying  African  slaves  to  America. 
Special  hospitals  for  the  isolation  and  treatment  of  slaves  suffering 
from  the  disease  were  built  on  all  the  important  estates  in  the  West 
Indies.  Occasionally  in  the  countries  in  which  it  is  endemic  the 
disease  may  increase  to  such  an  extent  as  to  cause  veritable  epi- 
demics. An  example  of  such  an  epidemic  occurred  in  Dominica  in 
1871,  when  two  special  segregation  hospitals  had  to  be  built  for 
framboesia  patients. 

In  1694  an  outbreak  of  a  peculiar  disease  occurred  in  Scotland. 
It  was  called  '  sibbens,'  or  '  sivvens  '  [sivvi,  Celtic  for  raspberry), 
and  was  apparently  imported  by  Cromwell's  soldiers.  It  was  not 
improbably  syphilis,  but  some  authors  suppose  it  to  have  been 
framboesia. 

The  so-called  '  button  scurvy  '  of  Ireland,  endemic  there  in  the 
eighteenth  and  the  beginning  of  the  nineteenth  centuries  ;  the 
'  radesyge,'  which  broke  out  in  Sweden  and  Norway  in  1710  ;  and 
the  '  mal  de  chicot '  in  Canada,  have  likewise  been  considered  by 
some  writers  to  be  forms  of  framboesia. 

Several  authors — Breda  amongst  the  moderns — have  endeavoured 
to  distinguish  between  '  yaws,'  '  plan,'  '  boubas,'  and  '  parangi '; 
but  those  who  have  had  the  opportunity  to  study  the  disease 
in  different  countries  have  all  come  to  the  conclusion  that 
'yaws,'  'plan,'  'boubas,'  and  'parangi'  are  simply  different 
names  for  the  same  disease.  The  experimental  researches  of 
one  of  us  in  cases  of  framboesia  contracted  in  different  parts 
of  the  world  (tropical  America,  East  and  West  Africa,  etc.) 
show  that  'yaws,'  '  plan,'  '  boubas,'  and  'parangi'  are  merely 
synonyms. 

Since  the  time  of  Labat  several  authors  have  upheld  the  syphilitic 
nature  of  framboesia.  This  theory  was  supported  till  recently  by 
Sir  J.  Hutchinson.  In  recent  times  the  disease  has  been  investi- 
gated, both  clinically  and  experimentally,  by  a  large  number  of 
observers. 

In  1882  Charlouis  proved  by  actual  experiment  that  syphilis  and 
framboesia  are  two  different  diseases.  The  clinical  investigation  of 
the  disease  by  Numa  Rat  was  also  of  great  value.  His  report, 
published  in  1891,  has  become  classical. 

Among  the  recent  observers  who  have  investigated  the  disease  in 
various  parts  of  the  tropics  are  Neisser,  Daniels,  Wellman,  Jean- 
selme,  Powell,  Braush,  Martin,  Halberstadter,  von  Prowazek, 
Ashburn,  J.  Craig,  and  many  others. 

Geographical  Distribution. — Framboesia  is  essentially  a  tropical 
disease,  as  few,  if  any,  genuine  cases  have  been  reported  from 
places  outside   the  Tropical  Zone.     At  the  present  time  a  skin 
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disease  not  unlike  it  has  been  reported  from  Greece  bv  several 
writers. 

Africa.~The  disease  is  very  rare  in  the  northern  regions  of  the 
continent.  It  is  said  to  be  occasionally  met  with  in  Algeria.  It 
IS  apparently  unknown  in  Egypt,  though,  according  to  some  writers, 
It  IS  observed  in  the  Sudan.  It  is  very  common  on  the  West 
Coast,  especially  on  the  Gaboon  River,  in  the  Congo  Free  State, 
and  in  Angola.  It  is  also  found  in  Mozambique,  in  Madagascar, 
and  the  Comoro  Islands.  In  Uganda  and  the  region  of  the  Great 
Lakes  it  is  occasionally  met  with.  Griffith  has  observed  it  among 
the  Kaffirs  in  South  Africa  near  Kimberley. 

Asia. — ^The  disease  is  very  common  in  the  Malay  Peninsula, 
Assam,  Upper  Burma,  Siam,  Java,  Batavia,  and  is  extremely 
frequent  in-  Ceylon,  where  the  number  of  cases  treated  in  the 
Government  Hospitals  during  the  last  eight  years  was  as  follows  : 
3,646  in  1900,  3,117  in  1901,  3,434  in  1902,  3,254  in  1903,  3,501  in 
1904.  3,535  in  1905,  3,606  in  1906,  3,513  in  1907,  and  3,246  in  1908. 
The  patients  treated  in  hospitals  represent  only  a  small  portion  of 
all  the  cases.  In  India  it  is  very  rare,  though  small  outbreaks  of 
the  disease  have  been  described  by  various  observers.  It  occurs  in 
certain  parts  of  China,  but  is  unknown  in  Japan  and  the  central  and 
western  regions  of  the  Asiatic  continent.  It  is  present  in  the 
Philippine  Islands. 

America. — It  is  very  common  in  the  West  Indies,  and  occurs  in 
British  Guiana,  Venezuela,  Colombia,  and  Brazil.  Cases  have  been 
reported  from  the  southern  United  States,  but  never  from  the 
northern  States  nor  from  Canada. 

Australasia. — ^The  disease  is  absent  from  Australia,  Tasmania, 
and  New  Zealand,  but  occurs  frequently  in  many  of  the  Pacific 
Ocean  islands — Samoa,  New  Hebrides,  New  Caledonia,  and 
Fiji. 

etiology. — Different  kinds  of  bacteria  have  been  described  as 
causative  agents  of  framboesia.  Eijkman  found  some  peculiar  bacilli ; 
Pariez  observed  numerous  micrococci  ;  Powell,  in  1896,  culti- 
vated from  two  cases  a  yeast ;  Breda  isolated  from  several  cases 
a  bacillus,  which  he  named  the  '  framboesia  bacillus  ';  Nicholls 
and  Watts,  in  1899,  isolated  a  coccus  which,  inoculated  into  animals, 
failed  to  reproduce  the  disease.  In  February,  1905,  Castellani 
observed  a  Treponema,  or  spirillum,  as  he  thought  it  at  the  time. 
This  organism  is  now  generally  admitted  to  be  the  cause  of  the 
disease. 

Treponema  pertenue  Castellani  June  1905. — Treponema  pertenue 
is  an  extremely  delicate  spiral-shaped  organism,  varying  in  length 
from  a  few  microns  to  18  and  20  /*  and  even  more.  It  is 
extremely  slender.  Some  individuals  are,  however,  thicker  than 
others.  It  does  not  stain  easily,  but  good  results  may  be  obtained 
with  Giemsa's  method,  and  also  with  Leishman's  stain,  provided 
the  alcohohc  solution  is  allowed  to  act  for  five  minutes,  and  the 
subsequent  admixture  with  distilled  water  for  from  one  half-hour 
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to  several  hours.     Using  either  of  these  methods,  the  Treponemata 
stain  purplish.     Occasionally  a  few  more  deeply  stained  granules 
may  be  seen  in  the  body  of  the  organism.     The  extremities  of  the 
parasite  are  often  pointed,  but  forms  may  be  met  with,  presenting 
blunt  extremities,  or  one  extremity  pointed  and  the  other  blunt. 
In  some  individuals  one  of  the  extremities  may  present  a  large  pear- 
shaped  expansion  or  a  loop-like  formation.     The  number  of  coils 
varies  from  six  to  twenty  or  more,  but  they  are,  as  arule,  numerous, 
uniform,  and  of  small  dimensions.     Occasionally  a  portion  of  the 
Treponema  shows  numerous  close  unifoiTn  coils,  while  the  rest  of 
its  body  shows  no  coils  at  all.     Sometimes  two  Treponemata  may 
be  attached  end  to  end,  or  apparently  twisted  together.     Castellani 
has  not  been  able  to  detect  any  undulating  membrane,  though 
its  presence  has  been  asserted  by  other  observers  (Blanchard). 
Occasionally,    in    preparations    stained    by    LofHer's   method    of 
flagella  staining,  it  has  seemed  to  several  observers  that  some  of 
the  organisms  present  an  extremely  delicate  flagellum  at  one  end. 
According  to  these  observations,   therefore,   the  organism  is  in 
all  probability  a  Treponema,  but  further  investigation  is  necessary 
to  settle  its  true  systematic  position.     From  the  above  description 
it  is  evident  that  the  framboesia  organism  is  morphologically  very 
similar  to  that  of  syphilis.     Blanchard,  Martin,  Prowazek,  and 
others  seem  to  have  been  able  to  make  out  some  slight  morpho- 
logical differences  between  the  two.     Martin  states  that  the  fram- 
boesia Treponema  is  even  more  slender  and  more  difficult  to  stain 
than  the  T.  palladum  of  Schaudinn.     On  the  other  hand,  some 
authorities  consider  it  to  be  thicker.     Rivas  states  that  it  has  closer 
coils.     Prowazek,  Levaditi,  and  J.  Nattan-Larrier  state  that  T.per- 
teriue  shows  less  regularly  shaped  coils,  and  one  extremity  ter- 
minates in  a  loop  much   more   frequently  than  in   T.  palladum. 
We  believe  that  the  differentiation  of  the  two  organisms,  and  in 
general  of  spirochaetes  and  Trypanosomata,  is  to  be  based  more  on 
the  results  of  the  biological  tests  than  on  slight  morphological 
differences.     The  animal  tests  clearly  show  that  T.  pertenue  and 
T.   pallidum   are    two    different    species,   inasmuch   as  monkeys 
immunized   with    T.    pertenue    do   not    become   immune    for   T. 
pallidum. 

Incidence  of  the  t.  pertenue  in  Framboesia  Lesions. —  The  presence 
of  the  Treponema  is  constant  in  the  primary  lesion  and  in  the  un- 
broken papules  of  the  general  eruption.  It  may  be  found  in  the  spleen, 
lymphatic  glands,  and  bone-marrow.  In  the  blood  it  has  not  yet 
been  demonstrated  microscopically,  though  there  is  no  doubt  that 
the  blood  of  the  general  circulation  is  infectious,  inasmuch  as 
monkeys  inoculated  with  it  develop  typical  yaws  lesions  in 
which  the  Treponema  is  abundantly  present.  The  Treponema  is 
absent  in  the  cerebro-spinal  fluid,  and  generally  in  the  tertiary 
lesions. 

Bacteriological  Flora  found  in  Open  Sores  of  Frambcesia. — While 
r.  pertenue  is  the  only  germ  found  in  the  non-ulcerated  lesions,  the 
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ulcerated  lesions  of  framboesia  are  soon  invaded  by  all  kinds  of  germs. 
Apart  from  innumerable  bacteria,  various  kinds  of  spirochaetes  are 
present.  One  form  is  rather  thick,  and  takes  up  the  stain  easily. 
It  is  morphologically  identical  with  the  Spirochceta  refringens  of 
Schaudinn.  Another  form  is  thin,  delicate,  with  coils  varying  in 
size  and  number,  and  with  blunt  extremities — S.  ohtusa  Castellani. 
A  third  form  is  likewise  thin  and  delicate,  but  tapers  at  both  ends 
— S.  acuminata  Castellani ;  T.  pertenue  is  also  present  in  many 
cases. 

Inoculation  Experiments  of  Frambcesia  in  Man.  — ■  Paulet,  in 
1848,  inoculated  fourteen  negroes  with  the  secretion  taken  from 
framboetic  granulomata.  All  of  them  developed  framboesia, 
the  inoculation  period  varying  from  twelve  to  twenty  days, 
when  at  the  seat  of  inoculation  in  ten  cases  the  first  nodule 
appeared,  soon  followed  by  a  typical  general  eruption.  In  two 
cases  apparently  the  eruption  did  not  start  from  the  seat  of 
inoculation. 

Charlouis,  in  188 1,  inoculated  thirty-two  Chinese  prisoners,  who 
had  never  suffered  from  the  disease,  with  crusts  and  scrapings  from 
a  case  of  yaws.  The  disease  developed  in  twenty-eight  of  them, 
beginning  invariably  at  the  seat  of  inoculation.  Moreover,  he 
inoculated  a  native  suffering  from  typical  yaws  with  syphilis.  The 
inoculation  was  quite 
successful,  a  primary 
syphilitic  sore  develop- 
ing, followed  by  all  the 
usual  types  of  secondary 
eruption.  That  yaws 
patients  are  not  immune 
against  syphilis  is  proved 
also  by  Powell  and 
Nicolas  and  others,  who 
have  described  several 
cases  of  syphilis  super- 
vening on  yaws.  Syphil- 
itic patients  may  contract 
framboesia  naturally  and 
experimentally. 

Inoculation  Experi- 
ments in  Monkeys. — 
Neisser,  Prowazek,  Hal- 
berstadter  in  Java,  and 
shortly  after  Castellani  in 
Cevlon,  have  shown  that  ,     ^,    • 

monkeys  are  susceptible  to  framboesia.  According  to  their  experi- 
ments, the  inoculation  period  varies  froni  a  mimmum  of  sixteen 
days  to  a  maximum  of  ninety-two.  The  appearance  of  the 
lesions  developing  at  the  seat  of  inoculation  is  practically  the 
same  in  all  {casel-viz.,  an  infiltrated  spot  slowly  increasing  m 
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size,  and  soon  becoming  moist,  the  secretion  drying  into  a 
thick  crust.  Removal  of  the  crust  exposes  a  raw,  granulating, 
red  surface. 

In  the  monkeys  of  a  low  class  (genus  Macacus,  genus  Semnopi- 
thecus)  the  eruption  is,  as  a  rule,  localized  to  the  seat  of  inoculation. 
The  infection,  however,  is  general,  as  is  proved  by  the  presence  of 
T.  pertenue  in  the  spleen  and  lymphatic  glands  besides  the  local 
lesions.  Halberstadter  has  obtained  a  general  eruption  in  ourang- 
outangs.  According  to  Castellani's  experiments,  splenic  blood,  ob- 
tained by  puncturing  the  spleen  of  a  patient  affected  with  fram- 
boesia,  can  reproduce  the  disease  in  monkeys.  The  inoculation  of 
the  blood  of  the  general  circulation  also  may  occasionally  produce 
the  disease.  The  inoculation  of  cerebro-spinal  fluid  into  normal 
monkeys  has  always  proved  negative. 

Neisser,  Halberstadter,  J.  Prowazek  in  Java,  and  later  Castellani 
in  Ceylon,  have  proved  that  monkeys  successfully  inoculated  with 
framboesia  do  not  thereby  become  immune  to  syphilis,  and,  vice 
versd,  monkeys  successfully  inoculated  with  syphilis  do  not  thereby 
become  immune  to  framboesia.  According  to  Levaditi,  monkeys  im- 
munized for  yaws  do  not  acquire  any  immunity  for  syphilis,  but 
monkeys  immunized  for  syphilis  may  acquire  a  partial  immunity 
for  framboesia.  According  to  Ashburn  and  Craig,  monkeys  of  the 
species  Cynomolgus  philippinensis  are  susceptible  to  framboesia,  but 
not  to  syphilis. 

The  following  facts  are  in  favour  of  the  T.  pertenue  being  the 
specific  cause  of  framboesia : 

1.  In  the  non-ulcerated  papules,  in  the  spleen,  in  the  lymphatic 
glands  of  framboesia  patients,  as  well  as  in  inoculated  monkeys, 
the  T.  pertenue  is  the  only  organism  present.  No  other 
germ  can  be  demonstrated  either  microscopically  or  by  cultural 
methods. 

2.  The  extract  of  framboesia  material  containing  the  T. 
pertenue,  but,  so  far  as  our  present  methods  of  investigation 
permit  us  to  say,  no  other  germs,  is  effective  when  inoculated  into 
monkeys. 

3.  The  extract  of  framboesia  material  from  which  the  T.  pertenue 
has  been  removed  by  filtration  becomes  inert,  and  monkeys  inocu- 
lated with  it  do  not  contract  the  disease. 

Predisposing  Causes. — As  is  the  case  in  other  infectious  diseases, 
dirt  and  other  insanitary  conditions  favour  to  a  certain  extent 
the  development  and  dissemination  of  the  disease.  The  disease 
is  rare  among  Europeans,  and  also  among  the  better-class  natives, 
who  live  amidst  good  sanitary  surroundings,  while  it  is  very 
common  among  the  villagers  and  low-cast  natives,  who  live  in 
uncleanly  overcrowded  huts.  Sex  does  not  exercise  any  influence, 
nor  does  age  to  any  great  extent,  though  the  disease  is  more  fre- 
quently met  with  in  children  and  young  people.  The  native  prac- 
titioners of  Ceylon  are  inclined  to  ascribe  an  important  predis- 
posing influence  to    certain    foods.      Some    incriminate    a    kind 
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of  fish  called  '  balla  mal,'  others  a  cereal  known  as  '  kurrakan ' 
(nutcherr). 

Pathology.— The  histopathology  of  framboesia  has  been  investi- 
§^i " «^  Unna  Macleod,  Jeanselme,  Plehn,  and  more  recently  by 
Schuffner,  Marshall,  Shennan,  Siebert,  Ashburn,  Craig,  and  Lohe  In 
me  trambcetic  papules  the  surface  epithelium  is  greatly  increased  in 
tJiickness  and  numerous  elongated  down-growths  are  seen.  The 
epithelial  layers  show  many  patches,  in  which  the  epithelial  cells  are 
swollen,  vacuolated,  and  degenerating.  Small,  sharply  circum- 
scribed areas  are  also  seen  containing  polymorphonuclear  leucocytes 
and  detritus.  The  layers  near  the  corium  and  its  processes  are, 
however,  almost  normal  in  appearance.  The  connective-tissue 
corium  forms  a  thin  layer,  from  which  narrow,  elongated,  papillary 
processes  pass  into  the  epithehum,  some  of  them  nearly  reaching 
the  surface.  The  corium  is  the  seat  of  marked  oedema.  There  is  a 
diffuse  cellular  infiltration  made  up  of  polymorphonuclear  leuco- 
cytes, large  and  small  mononuclear  leucocytes,  eosinophiles,  plasma 
cells,  mast  cells,  connective-tissue  cells,  and  some  extravasated 
erythrocytes.  In  the  older  nodules  the  plasma  cells  are  present 
in  such  enormous  numbers  as  to  dominate  all  the  others. 
Macleod  has  shown  that  there  is  no  perivascular  mononuclear  in- 
filtration so  characteristic  of  syphilis,  nor  any  endothelial  pro- 
liferation in  the  vessel  walls.  The  framboetic  lesion  also  differs 
from  that  of  syphilis  in  affecting  the  epithelium  rather  than  the 
cutis,  in  the  more  considerable  oedema,  and  in  the  absence,  as  a  rule, 
of  the  giant  cells. 

When  the  framboetic  granulomata  have  reached  a  certain  stage, 
a  very  well-marked  hyperkeratosis  is  noticeable.  One  of  us  has 
called  attention  to  the  appearance  of  the  films  taken  in  the  usual 
way  from  the  granulomata,  and  stained  according  to  Leishman's 
method.  In  such  films  it  is  interesting  to  note  the  presence  of  a 
large  number  of  polychromatic  red  blood  cells  of  very  different 
sizes,  some  much  larger  than  the  normal  erythrocytes,  some  much 
smaller.  They  are  stained  deep  or  light  blue  instead  of  pink,-  and 
sometimes  have  a  granular  appearance.  The  leucocytes  present  in 
the  films  frequently  contain  in  their  protoplasm,  and  sometimes  in 
their  nuclei,  roundish  or  oval,  more  or  less  deeply  stained  bodies, 
which  are  probably  polychromatic  micro-erythrocytes  engulfed  by 
phagocytes.  In  such  films  the  Treponemata  are  almost  constantly 
found.  The  Treponemata  may  be  put  in  evidence  also  in  sections 
by  using  the  Volpino-Bertarelli  or  Levaditi's  silver  staining,  as 
used  by  Spronk,  Shennan,  and  Schuffner.  The  examination  of 
sections  so  stained  shows  that  the  parasite  is  mostly  found  in  the 
epithelial  layers. 

Symptomatology. —  The  course  of  framboesia  may  be  divided 
into  three  periods — a  primary  stage,  comprising  the  development 
of  the  primary  lesion  ;  a  secondary  stage,  during  which  the 
characteristic  framboetic  granulomatous  eruption  appears ;  a  ter- 
tiary stage,  in  which  the  late  manifestations  of  the  disease  develop 
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—deep  ulcerations  and  gummatous-like  nodules.  This  division  into 
three  periods  is  somewhat  arbitrary,  as  tertiary  symptoms  may 
appear  during  the  secondary  stage. 
It  has  been  stated  again  and  again  that  the  whole  course  of 

the  disease  lasts  from  three  to 
six  months  in  children,  and  six  to 
twelve  in  adults,  but  according 
to  our  experience  it  has  a  much 
longer  duration,  and  unless  it  be- 
comes extinct  after  the  secondary 
stage  it  may  extend  to  many 
years.  Indeed,  we  believe  that 
in  a  certain  number  of  cases, 
although  there  are  periods  during 
which  the  patient  is  apparently 
free  from  symptoms,  the  infec- 
tion is  merely  latent,  and  sooner 
or  later  gives  rise  to  renewed 
manifestations. 

{a)  The  Primary  Stage. — After  a 
period  of  incubation,  varying  in 
time  between  two  to  four  weeks, 
characterized  often  by  signs  of 
malaise,  rheumatoid  pains,  head- 
ache, irregular  rise  of  tempera- 
ture, the  primary  lesion  appears 
at  the  seat  of  inoculation,  which 
is  generally  extragenital.  The 
primary  sore  is  a  papule,  which 
after  about  a  week  becomes 
moist,  developing  a  yellowish 
secretion,  which  dries  into  a 
crust.  Often  at  the  place  of  in- 
oculation several  papules  appear, 
become  moist,  and  coalesce  into 
a  single  element,  covered  by  a 
thick  crust.  If  after  some  days 
the  crust  is  removed,  the  primary 
sore  will  appear  as  an  ulcer,  not 
rarely  of  large  dimensions,  with 
clean-cut  edges  and  a  granulating 
fundus.  This  ulcer  may  heal, 
leaving  a  whitish  scar,  which  may  later  become  pigmented  ;  or 
in  other  cases  it  may  develop  into  a  granulomatous  mass,  not 
dissimilar  to  the  granulomata  of  the  secondary  eruption,  which 
appear  later  on,  but  frequently  much  larger.  This  large  single 
projecting  nodule  is  called  '  mother  yaw,'  or  '  maman  pian  '  in 
French  patois.  Occasionally  round  it,  before  the  general  eruption 
begins,  several  smaller  granulomata  develop  like  satellites.     The 


Fig.  319. — Frambcesia:  Primary 
Stage,  showing  the  Primary 
Sore  below  the  Right  Knee. 
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primary  sore  never  feels  indurated,  and  is  often  painful  during 
the  first  stage  of  development.     Later  it  may  be  quite  painless 
Occasionally  there  may  be  pruritus.     The  proximal  lymphatic 
glands  may  become  hard  and  enlarged,  but  they  do  not   sup- 
purate. ^ 

The  seat  of  the  primary  sore  is  usually  extragenital.  The  lesion 
may  develop  on  an  old  ulceration,  an  itch  pustule,  an  insect  bite  a 
wound,  or  a  vaccmation  mark.  The  smallest  abrasion  is  sufficient 
tor  the  entrance  of  the  virus.  Most  of  our  female  patients  pre- 
sented the  primary  sore  on  one  of  the  mammae,  developing  on  some 
crack  or  abrasion  of  the  nipple  and  areola.  In  several  other  women 
the  pnnaary  sore  was  found  on  the  skin  of  the  trunk,  just  above  the 
hip,  this  being  due  to  the  custom  of  the  Ceylon  woman  carrying 
her  child  astride  of  the  hip.  Any  framboetic  element  present  on 
the  scrotum  or  nates  of  the  child,  being  continually  rubbed  against 
the  skin  of  the  mother,  is  likely  to  cause  infection  in  the  latter 
through  any  sUght  abrasion  already  present,  or  brought  about  by 
the  friction.  In  men  and  children  the  primary  lesion  is  frequently 
found  on  the  hands,  arms,  and  legs,  but  it  may  develop  on  any 
part  of  the  body. 

The  primary  sore  may  heal  before  the  general  eruption  begins, 
but,  as  a  rule,  is  still  present  when  the  secondary  eruption  appears. 
We  observed  a  case  in  which  the  primary  sore  was  still  present  six 
months  after  its  first  appearance,  and  when  the  secondary  eruption 
had  nearly  undergone  complete  involution.  The  duration  of  the 
primary  sore,  therefore,  may  vary  between  a  few  weeks  and 
several  months.  The  primary  sore  leaves  a  whitish  scar,  which 
later  on  may  become  pigmented.  In  some  cases  the  scar  is 
small  and  smooth,  in  others  it  is  large  and  very  thick.  It 
is  to  be  noted,  however,  that  in  Ceylon  the  disfiguring  scar  so 
frequently  seen  is  partly  due  to  the  custom  the  natives  have  of 
cauterizing  the  sore  deeply  by  very  'primitive  methods.  In 
other  cases  the  large  disfiguring  cicatrix  is  due  to  the  primary 
sore  having  developed  on  an  old  ulcer,  which  on  healing  leaves 
a  coarse  scar. 

(&)  The  Secondary  Stage. — The  general  eruption  usually  begins 
between  one  and  three  months  after  the  first  appearance  of  the 
primary  sore.  It  is  preceded  by  malaise,  headache,  severe  pains 
in  the  muscles,  joints,  and  bones.  In  some  cases  there  may  be 
fever  of  an  intermittent  type.  The  patient,  however,  is  ordinarily 
able  to  attend  to  his  work.  The  general  eruption  develops  as  fol- 
lows :  Minute  roundish  papules,  the  size  of  pin-heads,  appear  on 
various  parts  of  the  body  ;  some  papules  soon  show  a  yellow  point 
or  minute  yellow  crust  at  their  apex.  Most  of  the  papules  remain 
of  practically  the  same  size  for  many  weeks,  and  disappear,  leaving 
occasionally  some  furfuraceous  patches ;  others  become  larger, 
several  often  coalescing,  and  frequently  acquiring  a  dark  areola  in 
natives,  a  reddish  one  in  Europeans.  Some  of  the  larger  papules 
increase  in  size,  and  develop  into  large  granulomatous  nodules 
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covered  with  a  crust,  honey-yellow  or  brownish,  formed  of  desic- 
cated secretion.  If  the  crust  covering  the  granulomata  be  removed, 
there  will  be  seen  a  raw  surface  throwing  up  red  or  yellowish  fungoid 
granulations  secreting  a  thin,  sHghtly  purulent  secretion,  which 
soon  dries  into  a  crust.  These  framboetic  granulomata  are  of 
various  size,  from  a  large  pea  to  a  nut,  and  may  be  found  on  prac- 
tically any  part  of  the  body.  They  are  extremely  common  on  the 
upper  and  lower  limbs,  and  on  the  face.  On  the  scalp  they  are 
very  rare.  They  may  form  rings  round  the  mouth  and  anus, 
and  may  enclose  sound  skin.  They  may  remain  of  the  same 
size  and  appearance  for  months.     Often,  after   a  few  weeks,  the 


Fig.  320. — Frambcesia  :  General  Eruption  of  the  Secondary 

Stage. 

secretion  diminishes,  and  a  process  of  hyperkeratosis  sets  in. 
They  then  become  of  much  harder  consistency,  and  some  of  them, 
especially  those  on  the  dorsum  of  the  feet  and  toes,  may  be  covered 
with  numerous  small,  hard,  verrucose-like  protuberances.  In 
the  majority  of  cases-^within  three  to  six  months  in  children,  and 
six  to  twelve  months  in  adults — the  granulomata  dry  up,  shrink, 
and  disappear,  leaving  dark  hyperpigmented  spots,  or  occasionally 
apigmented  areas,  on  their  site,  which  are  most  persistent.  In 
some  cases  the  granulomatous  eruption  may  continue  for  several 
years,  new  crops  of  nodules  appearing  from  time  to  time  in  suc- 
cession. Each  framboetic  granuloma  generally  undergoes  involu- 
tion within  two  to  four  months,  leaving  behind  a  dark  area.     Occa- 
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sionally,  however,  the  granuloma  does  not  regress  so  soon.  In  one 
of  our  patients  a  single  granuloma  persisted  for  two  years  after  all 
the  others  had  disappeared. 

The  granulomata  are  seldom  painful,  unless  they  develop  between 
the  toes,  on  the  soles  of  the  feet,  or  round  the  nails.  They  very 
often  cause  itching.  The  patient  often  exhales  a  peculiar  offensive 
odour,  which  has  been  variously  described  as  sour  or  musty.  This 
is  probably  due  to  the  growth  of  various  bacteria,  representing 
secondary  infections  beneath  the  crust  of  the  granulomata.     This 


Fig.  321. — Frambcesia:  Secondary  Stage,  General 
Eruption. 

offensive  odour  is  especially  noticeable  when  the  secondary  infec- 
tion is  due  to  bacilli  of  Vincent's  fusiform  type  and  coarse  spiro- 
chsetes.  In  such  cases,  if  the  sores  are  well  washed  with  perchloride 
solution  for  two  or  three  days,  these  organisms  disappear,  and  the 
smell  is  no  longer  noticeable,  though  the  granulomata  do  not  under- 
go any  change.  Though  the  framboetic  granuloma  is  the  charac- 
teristic eruption  of  the  secondary  stage,  there  are  during  this  stage 
eruptions  of  different  types — papular,  scaly,  and  occasionally 
ulcerative.  An  average  ordinary  case  will  present  at  the  same 
time  several  typical  framboesiform  granulomata,  numerous  small 
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reddish  papules  with  the  epidermis  intact,  other  papules  which 
have  become  moist  and  are  covered  by  a  tiny  yellow  crust,  several 
furf uraceous  patches  here  and  there,  and  spots  of  increased  pigmen- 
tation at  the  place  of  previous  granulomata.  Occasionally  some 
granulomata  break  down,  and  large  irregular  ulcers  form,  presenting 
in  their  centre  reddish  papillomatous  masses,  which  in  our  experience 
do  not  usually  heal  spontaneously.  At  times  in  the  latter  period  of 
the  secondary  stage  peculiar  roundish  or  irregularly  outlined  whitish 
patches  are  present,  especially  on  the  back  and  arms,  with  a  nut- 
meg-grater-like surface.     On  closer  observation  these  patches  are 


Fig.  322.— Feambcesia  :  Secondary  Stage,  General  Eruption. 

seen  to  consist  of  numerous  hard,  conical  papules,  containing  in 
their  centre  an  epidermic  plug,  which  is  easily  removed,  leaving  a 
depression  in  the  papules.  Sometimes  the  plugs  are  spiny,  and  in 
this  case  the  eruption  closely  resembles  hchen  spinulosus 

Eruptions  on  the  Palms  and  Soles.— The  granulomatous 
eruption  very  frequently  attacks  the  soles  of  the  feet.  At  first 
dark-brownish  or  intensely  livid  spots  appear  ;  the  thick  epidermis 
is  gradually  pierced  by  framboesial  nodules  similar  to  those  found 
in  other  regions  of  the  body.  This  affection  of  the  soles  is  very 
painful ;  the  natives  of  Ceylon  call  it '  dumas. '     Similar  lesions  may 
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occur  on  the  hands.     The  granulomatous  infiltration  may  attack 
ttie  matrix  and  margins  of  the  nails  (framboetic  onychia  and  par- 


Fig.  323. — Frambcesia  :  Eruption  on  the  Hands 


onychia).     The  nails  become  thickened,  dry,  brittle,  and  may  be 
cast  off  entirely,  though  later  they  grow  again. 
After  the  granulomata  have  disappeared,   occasionally  at  the 
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Fig.  324. — Frambcesia  :  Granulomata  on  the  Sole  of  the  Foot. 

same  time,  peeling  whitish  patches  may  be  seen  on  the  palms  of 
the  hands  and  soles  of  the  feet  closely  resembling  the  syphilitic 
psoriasis  ■palmaris  and  plantaris. 
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Peculiar  Pitted  Appearance  of  the  Palms.— In  several  cases 
in  the  latter  part  of  the  secondary  stage  hard,  round,  flattened 
papules  or  small  nodules,  having  a  thick,  hard,  epidermic  plug  m 
their  centre,  may  be  observed  on  the  palms  and  wrists.  This  plug 
falls  off  spontaneously  or  is  easily  pulled  out,  when  a  deep  depres- 
sion remains.  The  papules  gradually  disappear,  but  the  depressions 
remain,  and  the  palms  acquire  a  peculiar  pitted  appearance.  This 
condition  of  the  palms  may  remain  unchanged  for  several  years 
after  all  symptoms  of  yaws  have  disappeared.  A  somewhat  similar 
appearance  of  the  soles  of  the  feet  is  occasionally  met  with. 

Lesions  of  the  Hair  and  Nails.— We  have  never  noticed  any 
change  in  the  appearance  of  the  hair,  or  alopecia.  A  few  hair- 
follicles  may  be  destroyed  when  the  granulomata  develop  on  the 
scalp,  which,  however,  seldom  happens. 


Fig.    325. — Frambcesia  :  Pitted   Appearance   of  the  Hands. 


Lesions  of  Mucosae. — These  are  not  very  common.  During  the 
secondary  stage  small  granulomatous  nodules  may  develop  at  the 
base  of  the  tongue,  also  whitish  patches  closely  resembling  syphilitic 
leukoplakia.     Small  granulomata  may  develop  on  the  nasal  mucosa. 

Constitutional  Symptoms — Fever. — As  already  stated,  fever  is 
frequently  present,  of  intermittent  or  remittent  type,  before  the 
general  secondary  eruption  begins.  During  the  secondary  stage 
it  is  usually  absent,  unless  complications  supervene. 

Lymphatic  Glands. — In  a  number  of  cases  in  our  experience 
various  groups  of  lymphatic  glands  are  found  to  be  enlarged.  The  en- 
larged glands  are  roundish  or  spindle-shaped,  hard,  painless,  and  never 
come  to  suppuration,  unless  a  secondary  pyogenic  infection  is  present. 
The  cervical  and  inguinal  glands  are  most  frequently  enlarged. 

Alimentary  System. — As  a  rule,  the  digestive  functions  are  not 
disturbed.     In  children  slight  diarrhoea  may  be  occasionally  noticed 
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preceding  the  general  eruption.  The  spleen  and  liver  are  fre- 
quently found  enlarged  in  children,  but  this  is  probably  due  to 
preceding  or  concomitant  malaria  infection.  The  microscopical 
examination  of  the  faeces  of  framboesia  patients  will  frequently  reveal 
ova  of  various  worms— 4  scam  lumbricoides,  Trichuris  trichiura, 
and  occasionally  Agchylosioma  duodenale~hut  this  is  of  frequent 
occurrence  also  in  normal  natives. 

Respiratory  System.— As  a  rule  the  respiratory,  as  well  as  the 
circulatory,  system  is  not  affected.  Occasionally  small  granulo- 
matous ulcers  are  to  be  found  in  the  nasal  mucosa,  and  more  rarely 
in  the  larynx. 

LocoMOTORY  System— /owfc.— In  some  patients  several  of  the 
large  articulations  may  become  swollen  and  very  painful.  The  con- 
dition is  often  of  an  acute  character,  and  may  be  accompanied  by 
fever,  so  that  an  attack  of  articular  rheumatism  compUcating  the 
framboetic  infection  might  be  suspected.  Sodium  salicylate,  how- 
ever, is  not  beneficial,  while  the  administration  of  large  doses  of 
potassium  iodide  speedily  reduce  the  temperature  to  normal,  and 
cause  the  swelling  of  the  articulation  to  subside.  At  other  times 
one  articulation  only  is  involved,  and  the  symptoms  may  become 
so  serious  as  to  suggest  purulent  arthritis.  In  many  cases  the 
smaller  articulations  become  involved.  The  symptoms  in  such 
cases  are  not  acute,  and  there  is  usually  no  fever. 

Bones. — Inflammation  of  the  periosteum  of  various  bones  is  of 
common  occurrence.  Very  frequent  is  a  form  of  multiple  perios- 
titis of  the  digital  phalanges,  the  cause  of  the  multiple  dactylitis 
so  often  seen  in  framboesia  patients. 

Muscles. — Contractures  of  various  groups  of  muscles  may  be 
observed.  Fairly  common  is  a  contracture  of  the  flexor  muscles  of 
the  forearms.  This  contracture  is  often  permanent,  and  in  our 
opinion  is  probably  due  to  pathological  alteration  of  the  peripheral 
nerves,  rather  than  being  of  direct  muscular  origin. 

Nervous  System — Neuritis. — Neuralgic  pains  are  often  observed, 
but  also  a  true  form  of  neuritis  must  be  admitted.  We  have  seen 
in  several  cases  clear  symptoms  of  neuritis  of  the  sciatic  nerve,  with 
severe  pain  along  the  course  of  the  nerve,  and  signs  of  motor  and 
trophic  disturbances. 

Hyperidrosis. — In  several  of  our  patients  we  have  noticed 
hyperidrosis.  The  phenomenon  was  limited  to  the  face  in  some 
cases,  to  the  hands  and  soles  of  the  feet  in  others.  It  never  ex- 
tended to  the  whole  body,  and  always  affected  symmetrical  regions. 
Hyperidrosis  is  more  frequently  observed  in  children  than  in  adults. 
In  a  case  at  the  Colombo  CHnic  a  boy  of  fourteen,  presenting  a  general 
eruption  of  framboesia,  the  hyperidrosis  of  the  face  was  so  marked 
<  that  large  drops  of  perspiration  were  continually  dropping  down. 
He  was  treated  with  potassium  iodide.  After  a  month  the  granulo- 
mata  had  disappeared,  and  the  hyperidrosis  was  no  longer  noticeable. 
In  some  cases  the  hyperidrosis  ceases  suddenly  without  treatment. 
The  condition,  however,  may  last  for  some  weeks  or  months. 
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The  Eyes.— Granulomatous  and  papular  eruptions  may  develop 
on  the  eyelids.  A  slight  periostitis  of  the  orbital  margin  is  not  rare, 
the  margin  becoming  thickened  and  very  painful  on  pressure.  The 
occurrence  of  iritis  is  denied  by  most  authors.  In  the  Colombo 
Clinic  two  typical  cases  were  observed  during  the  general  granulo- 
matous eruption.  In  both  cases  the  affection  was  of  moderate 
severity.  There  was  photophobia,  ciliary  congestion,  discolora- 
tion of  the  iris.  Pupillary  reaction  was  almost  absent.  Both  cases 
recovered  on  large  doses  of  potassium  iodide  without  any  local 
treatment. 

The  Genito-urinary  System. — ^The  primary  lesion  is  rarely 
found  on  the  genital  organs.  In  fact,  in  all  the  cases  we  have  seen 
the  primary  lesion  was  always  extragenital.  Eruptions  of  the 
secondary  stage,  papular  and  granulomatous,  frequently  involve 
the  skin  of  the  penis  and  of  the  labia.  Granulomatous  ulceration 
may  be  found  on  the  vaginal  mucosa.  The  urine,  as  a  rule,  does 
not  contain  anything  abnormal ;  only  when  there  is  fever — as,  for 
instance,  when  the  articulations  are  acutely  involved — then  a  slight 
amount  of  albumin  may  be  present. 

The  Blood. — There  is  often  a  certain  degree  of  anaemia,  never 
very  severe.  The  number  of  red  blood-corpuscles  varied  in  our 
cases  from  3,000,000  to  4,000,000,  the  hemoglobin  index  (Fleischl) 
from  50  to  75.  The  red  blood-corpuscles  did  not  show  anything 
abnormal  in  their  shape.  On  several  occasions  a  comparatively 
large  number  of  polychromatic  erythrocytes  were  noticed,  staining 
blue  instead  of  pink  with  Leishman's  method.  Many  of  these 
basophile  red  cells  are  micro-erythrocytes.  The  leucocytes  varied 
from  7,000  to  11,000  per  cubic  millimetre.  In  the  majority  of  cases 
an  increase  was  noticeable  in  the  number  of  the  large  mononuclears, 
even  when  there  was  no  sign  smd  no  history  of  malaria.  In  almost 
all  the  cases  the  eosinophiles  were  increased,  this  being  probably 
due — in  part,  at  least — to  the  presence  of  intestinal  worms,  as 
revealed  by  the  microscopic  examination  of  the  stools,  which  showed 
frequently  ova  of  Ascaris  lumbricoides,  Trichuris  trichiura,  and  in  a 
few  instances  of  Agchylostoma  duodenale. 

Cerebro-spinal  Fluid. — ^The  liquid  is  in  all  cases  perfectly  clear, 
like  distilled  water.  No  cellular  sediment  on  centrifugalization  is 
found  in  most  cases.  In  a  few  some  rare  mononuclear  cells  are  found. 
The  pressure  is  not  increased.  The  physical  and  chemical  char- 
acters do  not  show  much  variation  from  what  is  found  in  normal 
conditions.  The  density  varied  in  our  cases  between  1003  to  1005. 
A  certain  amount  of  globulin  was  present,  and  a  substance 
(dextrose  ?)  reducing  Fehling's  solution.  This  reducing  sub- 
stance was  in  several  cases  distinctly  in  excess  of  what  is  observed 
in  the  normal  fluid.  No  cholin  is  found.  The  reaction  of  the  fluid  . 
is  alkaline.  The  liquid  is  sterile ;  no  treponemata  can  be  detected. 
Tertiary  Stage. — ^The  disease  often  terminates  with  the  secondary 
stage.  In  some  cases,  however,  the  infection  does  not  become 
extinct,  and  tertiary  lesions  appear.     These  have  been  denied  by 
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many  observers,  but  having  been  able  to  watch  cases  for  several  years 
through  the  whole  course  of  the  disease,  we  have  no  doubt  as  to  their 
existence.  Sometimes  the  secondary 
and  tertiary  stages  merge  into  each 
other,  but  frequently  the  tertiary 
symptoms  appear  after  the  lesions  of 
the  secondary  stage  have  undergone 
complete  involution.  The  interval  of 
time  varies  considerably  in  length,  and 
may  extend  to  many  years.  The  char- 
acteristic lesions  of  the  tertiary  period 
are  gummatous-like  nodules  and  deep 
ulcerative  processes.  These  gumma- 
tous nodules  may  develop  in  any  tissues. 
When  developed  in  the  skin  and  subcu- 
taneous tissues,  they  are  indolent,  and 
by  their  softening  and  breaking  down 
ulcers  are  produced  which  may  present 
clear-cut  margins  and  a  granulating 
fundus.  When  several  contiguous 
nodules  break  down  serpiginous  ulcers 

are  left.     In  other  cases  deep,  irregu- 
larly   shaped    ulcerations   with   very 

thick  and  undermined  edges  are  seen ; 

in  others,  large  fungating  ulcers  are 

present.      On  healing,    these   various 

ulcers  leave  whitish  scars,  which  are 

often  thick  and  disfiguring.  Frequently 

the  scar-tissue  undergoes  retraction, 

and   causes  thereby  permanent  con- 
tractures and  disfigurement.     Lesions 

of  the  osseous  type  are  very  frequent, 

painful   nodes   developing  under  the 

periosteum    of    several    bones,    ribs, 

sternum,  etc.    In  other  cases  a  diffuse 

chronic  periostitis  is  present,  altering 

the  normal  shape  of  the  bones.     Con- 
tractures of  various  groups  of  muscles 

are  frequently  seen.     Tertiary  affec- 
tions of  the  internal  organs  and  of  the 

central  nervous  system  have  not  yet 

been  described.    The  malady  does  not 

appear  to  be  hereditary;  in  fact,  it 

is  worth  noting  that,  in  contrast  to 

syphilis,   parents    generally   contract 

the  malady  from  their  children.  ,.      , 

Communicability.-Framboesia  is  usually   ^^of^J^^/y^X 
from  person  to  person.     It  appears,  however, 


Fig.  3 


-Frambcesia  : 
Tertiary  Stage. 


that  the 


contact  from  person   lu  ^^l^^x^.     ^-  -.^^— -,  ;  tVipre 

germ  is  unable  to  enter  through  the  normal  skin,  and   that  there 
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must  be  some  pre-existing  abraded  surface,  small  wound,  or  ulcera- 
tion. Women  are  frequently  infected  by  their  children,  the 
primary  lesion  appearing  often  on  the  mammae.  In  the  native 
women  of  Ceylon  the  primary  lesion  frequently  develops  on  the  skin 
of  the  trunk  just  above  the  hip,  slight  abrasions  caused  by  friction 
being  usually  present  on  this  part,  owing  to  the  habit  they  have  of 
carrying  their  children  astride  of  the  hip.  In  our  opinion,  however, 
there  can  be  little  doubt  that  in  certain  cases  insects  may  carry  the 
disease.  It  is  very  noticeable  that  flies  eagerly  crowd  on  the  open 
sores  of  framboesia  patients.  In  the  hospitals,  as  soon  as  the 
dressings  are  removed,  the  framboetic  ulcerations  become  covered 
with  flies,  sucking  with  avidity  the  secretion,  which  they  may  after- 
wards deposit  in  the  same  Way  on  ordinary  ulcers  of  other  patients. 

Ants  also  are  occasion- 
ally seen  to  go  on  to  the 
framboetic  ulcerations, 
as  well  as  on  to  ordinary 
ulcers.  In  Nuttall's  clas- 
sical work  on  the  role 
of  insects  as  carriers  of 
parasitic  diseases  several 
authors  are  quoted 
(Alibert,  Hoish,  Cadet, 
Wilson)  who  believe  that 
the  infection  may  be  con- 
veyed from  one  indi- 
vidual to  another  by  flies. 
Wilson  states  that  this 
belief  prevails  among  the 
nativesof  the  West  Indies. 
One  of  us  made  some 

Fig.  327.-FRAMBCESIA :  Tertiary  Stage.       experiments      to     prove 

that  flies  are  instru- 
mental in  the  dissemination  of  the  disease.  A  number  of  flies  were 
fed  on  scrapings  from  slightly  ulcerated  framboetic  papules.  The 
flies  (Musca  domes tica  and  allied  species),  before  feeding  on  the 
frambcetic  material,  were  examined.  The  examination  showed 
that  they  did  not  harbour  any  Treponemata,  either  on  their  mouth 
organs  or  on  their  legs.  On  examination  after  feeding,  the  majority 
presented  coarse  spirochsetes,  and  a  few  of  them  also  T.  pertenue. 
In  another  experiment  flies  fed  on  yaws  material  were  placed  on 
scarified  spots  over  the  eyebrows  of  several  monkeys,  and  kept 
there  for  two  hours  by  means  of  strips  of  gauze  smeared  with 
coj^lodion  at  their  margins.     One  of  the  monkeys  became  infected. 

Modder  suggests  that  Ixodes  bovis~i.e.,  Margaropus  annulatus  var. 
austrahs—oT  some  of  the  argasidse  may  be  the  transmitting  agent. 

Diagnosis.— In  countries  where  the  disease  is  endemic  the  diagnosis 
is  generally  easy,  the  frambcesiform  nodules,  capped  with  thick 
yellow  crusts,  being  typical.  By  some  observers  the  disease  has 
been  confused  with  verruga  peruviana  and  with  syphilis. 
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Verruga  Peruviana. —This  disease  is  strictly  limited  to  certain 
valleys  of  the  Andes  at  an  elevation  of  from  3,000  to  10,000  feet.  It 
is  iar  more  deadly  than  framboesia,  the  mortahty  rising  to  30  and  40 
per  cent.  It  is  usually  accompanied  by  severe  fever  of  long  dura- 
tion, and  Its  eruptive  elements,  unlike  those  of  frambcesia,  frequently 
attack  the  various  mucosae,  and  bleed  with  great  facility. 

Syphtks.~By  some  authors  framboesia  has  been  looked  upon  as  a 
form  of  syphilis.  The  results  of  experimental  investigations  on  yaws 
and  syphilis  prove  conclusively  that  the  two  diseases  are  distinct, 
inasmuch  as  (i)  patients  suffering  from  syphilis  may  contract  yaws, 
and  patients  suffering  from  yaws  may  contract  syphilis  ;  (2)  monkeys 
successfully  inoculated  with  yaws  do  not  acquire  any  immunity 
against  syphilis,  and  vice  versa. 

Syphilis  has  a  world-wide  distribution  ;  framboesia,  on  the  other 
hand,  is  restricted  to  certain  parts  of  the  tropics.     Framboesia  is 
extremely  common  in  Ceylon,  extremely  rare  in  India.     Syphilis  is 
common  to  both  countries.    In  Samoa,  according  to  Turner,  syphUis 
was  unknown  up  to  at  least  1880,  while  framboesia  has  been  endemic 
there  ever  since  the  group  was  discovered.     In  Fiji,  too,  up  to  a  few 
years  ago  syphilis  was  not  present,  while  framboesia  was  almost 
universcil.     Daniels  has  made  the  interesting  observation  that  in 
British  Guiana  framboesia  of  late  has  disappeared,  while  syphilis 
is  still  rarnpant.      As  regards  clinical  features,  framboesia  differs 
from  syphilis  by  the  following  characters  :   The  primary  lesion  is, 
as  a  rule,  extragenital ;  the  principal  type  of  eruption  is  a  papule, 
which   proliferates  into  a  framboesif orm  granulomatous  growth ; 
there  is  an  extremely  well-marked  pruritus.    The  histopathology 
differs  also  in  the  two  diseases.      In  framboesia  the  proliferative 
changes  of  the  epidermis  are  much  more  marked,  the  granulomata 
present  a  more  diffuse  plasma  cell  infiltration,  and  their  blood- 
vessels have  no  tendency  to  the  thickening  of  their  walls,  which  is 
so   characteristic   of  syphilis.     Giant   cells   are  generally  absent. 
Naturally  these  differential  histological  details  must  be  considered 
collectively,  els  there  is  no  individual  histological  character  which 
exceptionally  might  not  be  present  in  both  syphilis  and  framboesia. 
Boubas  and  Pian. — Some  of  the  older  authors  believed  that  under 
the  names  of  yaws,  boubas,  and  pian  three  different  diseases  were 
indicated.     Among  modern  observers,  Breda  has  held  the  same 
opinion.     All  those,  however,  who  have  had  opportunity  to  in- 
vestigate framboesia  in  different  parts  of  the  tropics  have  come 
to  the  conclusion  that  these  various  denominations  are  simply  local 
synonyms  indicating  the  same  pathological  entity.     Castellani's 
comparative   experimental   investigations   have   led   to   the   same 
result,  inasmuch  as  he  has  been  able  to  demonstrate  that  monkeys 
successfully  inoculated  with  Ceylon  framboesia  become  immune  to 
boubas  and  pian,  and  vice  versa.* 

*  Rivas,  Linderman,  and  Robledo  have  found  the  T.  pertenue  in  their  cases  of 
boubas  in  Venezuela,  Brazil,  and  Colombia.  Breda  and  de  Amicis,  in  Italy, 
have  not  found  it  in  Italian  emigrants  returning  from  Brazil,  and  suffering 
from  what  they  considered  to  be  boubas.  This  term  may  therefore  cover 
more  than  one  disease. 
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Prognosis. — The  prognosis  is  not  serious  so  far  as  life  is  con- 
cerned. In  1908,  in  the  Ceylon  hospitals  3,246  cases  were  treated, 
with  twenty-three  deaths  ;  in  1904,  out  of  3,591  cases,  sixteen  died  ; 
in  1903,  out  of  3,254  cases,  ten  only  died.  The  prognosis  is  far  more 
serious  in  children  than  in  adults.  When  the  disease  ends  fatally  the 
termination  is  generally  due  to  secondary  infection,  the  framboetic 
ulcerated  lesions  becoming  phagedenic,  and  giving  opportunity 
to  septicaemia  and  pyogenic  processes  to  develop.  Though  fram- 
bcesia  rarely  terminates  in  death,  its  long  duration  and  great  con- 
tagiousness render  it  a  serious  malady.  The  patients  suffering 
from  it  are  unable  to  attend  to  their  work.  Epidemics  of  fram- 
boesia,  therefore,  are  of  the  greatest  consequence  on  tea,  sugar,  and 
other  plantations,  as  they  reduce  the  supply  of  labour. 

Treatment. — ^The  natives  treat  the  disease  in  various  ways.  In 
Samoa  the  patient  is  rubbed  down  with  sand  and  washed  in  the  sea, 
after  which  the  yaws  are  scraped  with  a  shell.  In  the  West  Indies 
boiled  and  beaten-up  leaves  of  the  '  physic-nut '  are  applied, 
or, powdered  alum  and  sulphur  used.  In  Ceylon  the  vedaralas 
(native  doctors)  apply  concoctions  of  various  herbs,  and  give  decoc- 
tions of  sarsaparilla  and  other  roots.  They  also  use  mercury  dis- 
guised in  various  ways.  The  majority  of  European  practitioners 
use  mercury  and  potassium  iodide.  Others  affirm  these  drugs  to 
be  quite  useless,  and  believe  that  cleanliness  and  good  and  abundant 
food  are  quite  sufficient  to  bring  about  a  cure. 

In  the  Colombo  Clinic  for  Tropical  Diseases  some  experiments 
were  made  on  the  various  treatments,  and  the  conclusion  arrived 
at  was  that  the  potassium  iodide  treatment  is  the  most  effective  of 
all.  Some  cases  may  recover  spontaneously,  but  this  is  certainly 
the  exception,  not  the  rule.  The  potassium  iodide  should  be  given 
in  large  doses  (in  adults  15  grains  and  in  children  5  grains  three 
times  daily).  Occasionally  cases  are  met  with  refractory  to  treat- 
ment, and  tertiary  lesions  are  often  intractable.  The  yaws  patients 
usually  bear  large  doses  well.  When  severe  symptoms  of  iodism  set 
in,  the  doses  should  be  temporarily  decreased,  or  the  treatment  may 
be  stopped  altogether  for  a  few  days.  Mercury  is  of  very  little  use, 
as  a  rule.  Atoxyl  has  been  tried  by  Neisser  in  monkeys  experi- 
mentally inoculated  with  the  disease,  and  by  one  of  us  in  human 
patients.— 'The  results  are  fairly  good.  In  some  very  stubborn 
cases  a  course  of  potassium  iodide,  followed  by  a  course  of  atoxyl 
injections  (grains  iij.  every  other  day),  can  be  recommended.  An 
important  point  often  overlooked  by  the  practitioner  is  that  the 
treatment  should  be  prolonged  for  a  considerable  time  after  the 
complete  disappearance  of  the  eruption,  inasmuch  as  clinical 
experience,  as  well  as  experiments  on  inoculated  monkeys,  prove 
that  the  specific  treponemata  may,  and  do,  persist  in  the  lymphatic 
glands  and  internal  organs  long  after  the  cutaneous  manifestations 
have  disappeared. 

Broden  has  tried  antimonial  preparations  with  good  results. 

Local  treatment  consists  chiefly  in  keeping  the  skin  scrupulously 
clean,  washing  the  eruption  twice  daily  with  a  perchloride  of  mercury 
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solution  (I  to  1,000),  which  greatly  allays  the  itching.  The  ulcerated 
lesions  may  be  dusted  with  iodoform,  europhen,  or  boracic  acid. 
Mercury  ointrnents  may  be  beneficial,  but  in  our  experience  are  not 
sumcient  to  hmder  secondary  pyogenic  infections.  Caustics  are 
not  called  for  unless  the  ulcers  become  phagedenic.  In  such  cases 
pure  carbolic  acid  is  best.  Though  the  external  treatment  may  be 
uselul,  one  must  bear  in  mind  that  it  is  not,  as  a  rule,  sufficient 
alone  to  cure  the  disease. 

Prophylaxis.— In  countries  where  framboesia  is  endemic  the 
slightest  abrasions  of  the  skin  should  be  taken  care  of  and  properly 
treated  with  antiseptics.  Framboesia  patients  should  be  prevented 
from  mixing  with  the  rest  of  the  population,  and  should  be  isolated 
m  special  hospitals  till  the  disease  is  cured.  Their  skin  lesions  should 
be  properly  dressed,  and  thus  prevented  from  becoming  a  source 
of  infection  through  the  agency  of  flies  and  other  insects.  Their 
huts  and  belongings  should  be  thoroughly  disinfected. 
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CHAPTER  XXXVIII 
VERRUGA    PERUVIANA 

Synonyms  —  Definition  —  History  —  Climatology  —  etiology  —  Pathology  — 
Symptomatology — Diagnosis — Prognosis — Treatment  —  Prophylaxis  — 
References. 

Synonyms.— Peruvian  Wart,  Verruga  Blanda,  Carrion's  Fever, 
Verruga  de  Castilla,  Verruga  of  the  Andes,  Verruga  de  Zapo  6  de 
Quinua,  Verruga  Andicola,  Verruga  Mular,  Verruga  de  Sangre, 
Fiebre  de  la  Oroya,  Verruga  de  Crapaud,  Bouton  des'Andes.  'Ihe 
word  '  verruga  '  signifies  in  Spanish  a  wart. 

Definition. — Verruga  peruviana  is  a  chronic  endemic  specific 
general  disorder  of  unknown  origin,  not  contagious,  but  apparently 
inoculable,  and  characterized  by  an  irregular  fever  associated  with 
rheumatoid  pains,  anaemia,  followed  by  granulomatous  swellings 
in  the  skin,  mucous  membranes,  and  organs  of  the  body. 

History. — It  is  probable  that  the  disease  existed  in  South  America 
before  the  advent  of  the  Spaniards,  for  the  earliest  references  to  it 
are  found  in  Spanish  works  on  Peru  in  the  sixteenth  century.  The 
first  record  is  by  Agustih  de  Zarate,  Treasurer  of  Lima,  in  his 
'  History  of  the  Conquest  of  Peru,'  written  in  1543,  in  which  he 
relates  that  warts  or  small  tumours  appeared  on  the  face  and  other 
parts  of  the  body,  which  were  more  deadly  than  small-pox,  and 
almost  as  fatal  as  plague. 

Garcilas  de  la  Vega  records  that  a  quarter  of  the  small  army  of 
Frangois  Pizarre  perished  from  this  cause,  while  Gomara,  Garcilazo 
(1617),  and  other  early  writers  also  draw  attention  to  the  disease. 
After  this  period  writers  on  Peru  either  fail  to  mention  the  disease 
at  all,  or  only  write  short  paragraphs  such  as  that  in  Cosme  Bueno's 
geographical  description  of  the  province  of  Canta,  published  in 
1764,  in  which  it  is  mentioned  under  its  ancient  name  of  '  berrugas. ' 

The  modern  descriptions  of  the  disease  begin  with  the  works  of 
Tschudi  in  1843,  Malo  in  1852,  Smith  in  1858,  Salazar  and  Manuel 
Odriozola  in  1858,  Velez  in  1861,  and  Dounon  in  1871,  the  last  named 
giving  a  very  clear  account  of  the  complaint. 

But 'little. interest  was,  however,  taken  in  it  until  1870,  when  a 
severe  outbreak  of  fever  took  place  among  the  work-people  laying 
the  railway-line  between  Lima  and  Oroya.     This  complaint  for 
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some  reason  was  called  '  Oroya  fever,'  although  it  did  not  affect 
Oroya.  About  the  same  time  Dounon's  excellent  paper  appears  to 
have  interested  French  naval  surgeons,  so  that  numerous  investiga- 
tions as  to  verruga  and  Oroya  fever  were  made  both  by  Peruvian 
doctors,  such  as  Pancorvo  and  others  in  1875,  and  French  surgeons, 
such  as  Fournier  in  1874,  Bourse  in  1876,  and  Tupper  in  1877. 
During  this  period  there  was  much  disputation  as  to  whether  Oroya 
fever  was  related  to  verruga,  or  was  a  distinct  clinical  entity.  In 
1885  Daniel  A.  Carrion,  a  student  of  the  Faculty  of  Medicine  of 
Lima,  who  had  for  some  time  been  studying  the  disease,  attempted 
to  settle  this  question  by  vaccinating  both  his  arms  with  the  blood 
from  a  verruga  tumour  on  August  27,  1885,  and  on  September  17 
he  began  to  suffer  from  the  symptoms  of  Oroya  fever,  from  which  he 
died  on  October  5.  In  honour  of  this  noble  attempt  to  elucidate 
the  aetiology  of  the  fever,  his  compatriots  have  since  referred  to 
Oroya  fever  as  Carrion's  disease. 

The  unfortunate  death  of  this  brave  young  man  stimulated 
inquiry,  and  a  very  large  number  of  investigations  were  published, 
of  which  it  is  only  possible  to  mention  a  few. 

In  1885  Izquierdo  announced  the  discovery  of  a  bacillus  in  some 
specimens  sent  to  him  in  spirit,  which,  of  course,  prevented  anything 
of  the  nature  of  a  thorough  bacteriological  investigation. 

In  1887  Florez  grew  a  coccus  on  agar-agar  inoculated  with  the 
blood  from  persons  suffering  from  verruga.  In  1898  a  most  elaborate 
monograph  by  E.  Odriozola  appeared,  which  the  reader  interested 
in  the  subject  is  strongly  advised  to  peruse. 

In  the  same  year  Nicolle  and  Letulle  independently  described 
bacilli  resembling  those  of  tuberculosis  in  the  skin  lesions.  Barton, 
in  1902,  published  the  first  careful  bacteriological  examinations  of 
Carrion's  fever,  and  from  1903  to  the  present  time  Biffi  has  written 
a  series  of  able  papers  on  the  disease. 

We  are  therefore  confronted  with  two  conditions  described  by 
authors — viz.,  a  disease  which  may  or  may  not  begin  with  fever,  and 
which  ultimately  ends  with  a  most  peculiar  and  typical  eruption, 
verruga  peruviana,  and  another  disease  characterized  by  an  incuba- 
tion period  of  twenty-one  days,  as  proved  by  Carrion's  inoculation, 
and  of  a  severe  type  often  ending  in  death,  without  the  appearance  of 
any  eruption.  Are  these  two  conditions  one  and  the  same  disease — 
that  is  to  say,  is  Carrion's  fever  Peruvian  wart  without  an  eruption, 
or  are  the  two  separate  pathological  entities  ?  Tasset,  in  1872, 
held  that  they  were  separate  entities,  and  that  Carrion's  fever  was 
a  typho-malarial  fever,  but  since  the  inoculation  of  Carrion  most 
authors  have  considered  the  two  diseases  to  be  one  and  the  same, 
though  every  now  and  again  some  author  has  objected,  and  has 
held  that  Carrion's  fever  was  typhoid.  In  1901-03  Barton,  as 
the  result  of  careful  bacteriological  researches,  concltided  that  in 
the  blood  and  organs  of  persons  dying  from  Carrion's  fever  a  micro- 
organism could  be  found  which,  though  similar  to  Bacillus  coli 
communis  in  many  respects,  was  easily  separable  therefrom.     This 
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organism  was  fatal  to  inoculated    animals,  causing  a  septicaemia 
and,  it  is  said,  a  verruga-like  eruption  in  the  skin.     Bffi  has  carefully 
investigated  this  bacUlus,  and  finds  that  it  is  present  constantly  and 
in   abundance   in  persons   suffering  from  Carrion's  fever,  but  is 
absent  in  patients  suffering  from  verruga  peruviana  without  fever. 
It  is  agglutinated  by  the  serum  of  persons  suffering  from  Carrion's 
fever,  but  not'  by  that  of  patients  suffering  from  verruga  who  have 
not  had  fever.     The  micro-organisms  are,  however,  not  always  of 
the  same  strain.     Thus,  Biffi  has  separated  two  different  strains, 
one  of  which  resembles  Schottmiiller's  B.  paratyphosus  /3.,  and  the 
other  Gartner's  bacillus.     Bififi  and  Carbajal  were  unable  to  confirm 
Barton's  results  as  to  the  presence  of  a  skin  eruption  in  animals 
inoculated  by  these  strains.     They  therefore  conclude  that  Carrion's 
/ever  is  a  separate  pathological  entity  distinct  from  verruga,  and 
that  it  is  a  fever  belonging  to  the  paratyphoid  group,  but  differs 
from  the  usual  types  by  being  due  to  a  different  organism,  and  by 
occurring  in  patients  suffering  from  verruga.     In  this  finding  they 
are  supported  by  the  clinical  observations  of  several  observers, 
among  whom  may  be  mentioned  Eder. 

The  next  question  which  must  be  considered  is  the  nature  of 
verruga  peruviana,  for  recently  it  has  been  suggested  that  it  is  fram- 
boesia,  and  this  has  been  specially  emphasized,  since  it  has  been 
realized  that  it  may  run  its  course  without  any  fever.  Bifli,  how- 
ever, has  clearly  shown  that  they  are  separate,  framboesia  being 
contagious,  verruga  not ;  framboesia  beginning  with  an  initial 
lesion,  verruga  not ;  framboesia  being  due  to  Treponema  pertenue 
Castellani,  verruga  not.  We  may  therefore  conclude  that  verruga 
peruviana  is  a  definite  pathological  entity. 

Climatology. — Verruga  peruviana  is  confined  to  South  America,  and 
to  the  western  slopes  of  the  Andes  in  Ecuador,  Peru,  Bolivia,  and 
the  northern  parts  of  Chili,  the  most  important  endemic  area  being 
Peru,  where  it  is  almost  limited  to  the  departments  of  Ancachs  and 
Lima,  lying  north  and  south  of  the  tenth  parallel,  and  on  the  western 
side  of  the  Andes.  The  department  of  Ancachs  comprises  seven 
provinces,  of  which  the  provinces  of  Pallusca,  Huaylas,  Huaraz, 
and  Cajatambo,  which  are  on  the  western  slopes  of  the  Andes,  are 
most  affected,  while  that  of  Santa,  which  runs  along  the  littoral,  is 
almost  free.  The  disease  is,  however,  peculiarly  limited  to  certain 
places  in  these  provinces.  The  heights  of  these  places  vary  from 
Cochas,  in  the  province  of  Cajatambo,  which  is  only  at  an  elevation 
of  406  metres,  to  Cajatambo,  in  the  same  province,  which  is  at  an 
altitude  of  3,350  metres. 

One  striking  peculiarity  common  to  all  the  places  is  that  they  are 
in  narrow  valleys  along  tributaries  of  rivers.  The  principal  infected 
areas  are  Tablachaca,  PaUusca,  Corongo,  Pacatqui,  and  Ninabamba, 
m  Pallasca ;  Huaylas  and  Caraz,  in  Huaylas ;  Yautan,  Pariacoto 
Rurasca,  Nanca,  Jangas,  Pongor,  Anta,  and  another  district  on  a 
branch  of  the  River  Huarmey,  in  Huaraz  ;  Cochas,  Huaylillas,  and 
Cajatambo,  in  Cajatambo. 
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In  the  department  of  Lima  there  are  six  provinces,  of  which 
Chancay,  Canta,  Huarochiri,  and  Yauyos  possess  endemic  areas, 
which  vary  in  height  from  900  to  2,030  metres.  In  Chancay 
there  is  Huaycho ;  in  Canta,  Acos,  Viscas,  Yasu,  Magdalena,  and 
Yangas  ;  in  Huarochiri,  Santa  Eulalia,  Palle,  San  Ger6nimo,  San 
Pedro  de  Casta,  Surco,  Cocachacra,  Santa  Ana,  and  Sisicaya ;  and 
in  Yauyos,  Omas. 

The  best-known  area  is  that  which  lies  along  the  railway  from 
Lima  to  Oroya,  which  begins  a  little  below  the  division  of  the  River 
Rimac  into  the  rivers  Santa  Eulalia  and  Cocachacra,  along  both  of 
which  the  disease  is  endemic  for  some  distance,  including  Santa 
Eulalia,  San  Ger6mmo,  ChacUa,  Cupichi,  San  Pedro  de  Casta,  San 
Pedro  de  Mama,  Santa  Ana,  Corcona  Cocachacra,  San  Bartolome 
(where  the  stream  which  runs  into  the  Cocachacra  River  is  called 
the  Aqua  de  Verrugas,  because  the  people  believed  the  disease  came 
from  drinking  the  water),  Cuesta  Blanca,  and  Surco. 

Here  again,  as  in  the  department  of  Ancachs,  the  disease  is 
restricted  to  certain  deep,  narrow  valleys,  locally  known  as 
'  quebradas,'  along  which  streams  flow,  and  which  are  some  38  to 
60  kilometres  distant  from  the  littoral,  where  the  disease  never 
occurs. 

iEtiology. — ^The  causation  of  verruga  peruviana  is  quite  unknown. 
Popularly  the  disease  is  believed  to  be  conveyed  by  the  drinking- 
water,  which,  however,  has  long  been  discredited.  In  1875  Pan- 
corvo,  taking  into  consideration  the  well-known  fact  that  the  persons 
who  mostly  suffer  are  people  who  work  in  the  fields  or  disturb  earth, 
suggested  that  it  was  an  intoxication  due  to  sulphuretted  hydrogen 
liberated  from  the  earth,  a  view  which  never  received  any  marked 
support.  Odriozola  and  Tamayo  have  failed  to  find  any  bacteria 
in  people  suffering  from  the  eruption  of  Peruvian  wart.  It  is  said 
to  occur  in  animals,  especially  quadrupeds,  and  not  to  be  con- 
tagious. Chastang  believes  that  some  germ  is  inoculated  by  the 
thorns  of  Cactus  opuntia.  Long  ago  Raymondi  suggested  that 
verruga  would,  like  rabies  and  syphilis,  be  found  some  day  to  be 
due  to  a  definite  virus.  Translating  Raymondi's  views  into  modern 
thought,  it  would  mean  that  the  three  diseases  would  be  found  to  be 
due  to  a  parasitic  protozoon,  and,  indeed,  there  is  no  doubt  about 
the  truth  of  this  with  regard  to  syphilis,  and  with  regard  to  rabies, 
and  it  is  quite  possible  that  verruga  peruviana  will  some  day  be 
found  to  be  of  protozoan  origin,  thus  confirming  Raymondi's  strikmg 
conjecture. 

The  study  of  the  distribution  of  the  disease  m  the  various  pro- 
vinces of  Peru,  as  detailed  above,  with  the  aid  of  a  large  scale-map, 
will  impress  the  reader  with  the  similarity  to  the  distribution  of 
Rocky  Mountain  fever,  and  will  lead  him  to  the  conclusion  that  the 
ffitiological  cause  must  in  some  way  be  associated  with  some  blood- 
sucking animal,  perhaps  an  arachnid  ;  and,  indeed,  this  is  supported 
by  a  fact  well  known— that  the  persons  most  prone  to  the  infection 
are  those  who  work  in  the  fields.     Such  ideas  must,  however,  be 
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taken  as  mere  suggestions,  as  at  present  there  is  no  direct  evidence 
in  favour  of  them. 

Age,  sex,  and  race  appear  to  have  no  influence,  though  it  has  been 
asserted  that  the  coloured  races  have  a  partial  immunity,  which 
may,  of  course,  be  due  to  mild  attacks,  for,  as  a  rule,  an  attack 
confers  a  lasting  immunity. 

Pathology. — As  the  causation  is  quite  unknown,  the  account  of 
the  pathology  must  be  limited  to  very  few  remarks.     There  appears 
to  be  no  doubt  that  verruga  can  he  transmitted  to  animals  by 
inoculation,  for  Odriozola  relates  that  he  inoculated  a  bitch  with 
the  blood  from  verruga  lesions  obtained  from  a  post-mortem,  with 
the  result  that  the  animal  developed  a  typical  skin  eruption,  and 
eventually  died.     The  disease  is  said  to  occur  naturally  among 
animals — e.g.,  horses,  mules,  asses,  dogs,  and  fowls — but  especially 
among  quadrupeds.     The  infection  in  man  begins  with  a  general 
illness,  which  would  appear  from  the  fever,  the  anaemia,  and  the 
pains  in  different  parts  of  the  body,  to  be  of  the  character  of  a  septi- 
caemia, after  which  the  typical  eruption  appears  on  the  skin,  mucous 
membranes,  and  internal  organs,  when  as  a  rule  the  general  symp- 
toms of  fever,  etc.,  abate,  from  which  one  would  infer  that  the 
organism  had  left  the  blood-stream,  and  become  located  in  the  skin 
and  other  organs.  It  is  possible  that  it  leaves  the  body  by  way  of  the 
skin.    If,  however,  the  local  lesion  develops  in  such  places  as  the 
meninges,  the  choroid  plexus,  the  choroid  coat  of  the  eye,  the  in- 
testines, the  oesophagus,  or  larynx,  severe  symptoms  are  apt  to 
appear,  and  complicate  the  illness.     If  at  the  same  time  a  para- 
typhoid-like infection  takes  place  during  the  febrile  stage,  the  true 
symptoms  are  masked,  and  a  peculiar  and  very  deadly  type  of  fever, 
called  '  Carrion's  disease,'  or  '  Oroya  fever,'  is  produced. 

The  morbid  anatomy  is  characterized  by  marked  pallor  of  the 
body,  oedema  and  dropsy,  hypostasis  of  the  lungs,  enlargement  of 
the  liver  and  spleen,  and  hypersemia  of  the  bone-marrow  ;  but 
apart  from  these  general  signs,  the  characteristic  features  are  the 
appearance  of  the  verrugas  in  the  skin  and  subcutaneous  tissues,  in 
the  ocular  and  palpebral  conjunctivae,  the  mucosa  of  the  nose,  the 
lips,  gums,  palate,  tongue,  pharynx,  larynx,  trachea,  oesophagus, 
stomach,  small  and  large  intestine,  in  the  substance  of  the  liver, 
spleen,  lungs,  thymus,  thyroid,  testicles,  kidneys,  and  lymphatic 
glands,  and  at  times  in  the  leptomeninges,  the  choroid  plexuses,  the 
choroid  coat  of  the  eye,  in  the  substance  of  the  muscles,  on  the 
periosteum  of  bones,  on  the  peritoneal  coverings  of  organs,  and  on 
the  pleura  and  pericardium. 

The  histopathology  of  the  disease  has  been  carefully  studied  by 
Biffi  and  De  Veccho.  Microscopically  a  non-ulcerated  skin  lesion 
shows  the  cells  of  the  surface  epithelium  swollen  and  distended  with 
glycogen.  The  papillary  layer  of  the  cutis  has  disappeared,  and 
the  dermis  proper  is  infiltrated  with  round  cells,  which  are  mostly 
mononuclear  or  polymorphonuclear  leucocytes,  separated  by  a 
slight  amount  of  fibrillar  connective  tissue,  which  may  in  places  be 
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entirely  absent.  There  is  some  doubt  as  to  whetlier  the  connective- 
tissue  corpuscles  contribute  to  the  round-celled  infiltration,  as  has 
been  asserted  by  Izquierdo  ;  in  any  case,  the  recognizable  con- 
nective-tissue cells  are  always  swollen,  and  their  nuclei  are  altered 
m  various  ways.  The  cellular  infiltration  is  very  vascular,  and  in 
the  case  of  the  older  tumours  almost  cavernous  in  structure  ;  hence 
the  liability  to  haemorrhage,  which  is  such  a  marked  feature  of  the 
disease. 

The  subcutaneous  fatty  tissue  is  always  inflamed.  In  addition 
to  these  features,  LetuUe  describes  and  figures  some  most  peculiar 
structures  seen,  under  a  magnification  of  400  diameters,  between 
the  cells  of  the  epidermis,  which  he  considers  to  be  clasmatocytes. 

The  growths  appear  to  be  often  invaded  secondarily  with  micro- 
organisms, especially  if  ulcerated. 

Symptomatology.— The  incubation  period  is  not  definitely  known, 
and  is  stated  to  vary  from  eight  to  forty  days,  but  to  be  most 
usually  from  twenty  to  thirty  days,  during  which  time  prodromata, 
in  the  form  of  malaise,  lassitude,  and  depression,  may  be 
experienced. 

The  invasion  is  gradual,  the  prodromal  symptoms  increasing  in 
virulence,  while  anaemia  becomes  apparent,  and  peculiar  rheumatoid 
pains  appear  in  different  parts  of  the  body.  These  pains  are  very 
striking  and  very  misleading,  for  they  may  in  some  cases  be  limited 
to  a  single  region,  or  even  to  a  single  joint  or  muscle  ;  on  the  other 
hand,  they  may  be  more  extensive,  and  lead  to  a  diagnosis  of  some 
nerve  disorder. 

As  a  rule,  but  not  invariably,  fever  appears,  and  varies  in  intensity 
with  the  severity  of  the  attack.  Usually  it  is  intermittent  in  char- 
acter, the  paroxysm  beginning  about  noon  with  chills,  severe  pains, 
much  thirst,  and  a  rise  of  temperature  to  about  104°  F.,  with  a  quick, 
soft,  compressible  pulse,  and  ending  in  about  twelve  hours  by  crisis, 
associated  with  sweating  and  an  amelioration  of  the  pains.  The 
liver  and  spleen  enlarge,  and  the  patient  becomes  very  anemic  and 
feeble,  and  usually  constipated,  but  may  at  times  suffer  from 
diarrhoea.  This  is  the  stage  during  which  Carrion's  fever  develops, 
the  temperature  becoming  almost  continuous,  the  pains  and  the 
diarrhoea  severe,  the  urine  dark  and  scanty,  acid  in  reaction,  with 
high  specific  gravity,  increased  indican,  but  rarely  albumin,  and 
contains  something  which  reduces  Fehling's  solution  ;  the  anasmia 
becomes  profound ;  nucleated  red  cells  appearing,  while  death 
results  in  about  two  to  three  weeks. 

This  severe  fever  is  probably  a  complication  with  a  variety  of 
paratyphoid,  as  already  mentioned,  and  ends  fatally  before  the 
typical  eruption  appears. 

In  milder  cases,  after  the  febrile  stage  has  lasted  from  twenty  days 
to  eight  months,  the  skin  begins  to  itch,  and  an  eruption  appears  on 
the  face,  neck,  the  extensor  surfaces  of  the  arms  and  legs,  and  at 
times  on  the  conjunctivae,  the  lips,  tongue,  gums,  palate,  and 
pharynx.     This  eruption  shows  itself  at  first  as  small,  pinkish-red, 
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erythematous  spots,  sometimes  associated  with  small  vesicles,  or 
more  rarely  with  buUse  or  pustules. 

The  erythematous  areas  speedily  become  papules,  and  finally 
tubercles,  which  may  vary  in  size  and  in  number.  The  usual  size 
is  about  that  of  a  pea. 

When  fully  developed,  they  appear  as  elevated,  cylindrical,  fungi- 
form, or  irregular  wart-like  bodies,  usually  discrete,  red  in  colour, 
generally  firm  to  the  touch  (though  they  may  be  soft),  and  very 
liable  to  bleed.  This  type  of  eruption  is  the  forme  miliare  of  the 
Odriozolas  and  Salazar.  In  addition  to  these  superficial  tubercles 
there  are  deep  subcutaneous  nodules,  which  lie  under  the  unaltered 
skin,  and  from  which  at  first  they  are  quite  free.  These  nodules 
may  reach  a  large  size,  and  become  adherent  to  the  skin,  ulcerate, 
and  reach  the  surface  as  large  red  fungating  masses,  which 
readily  bleed.  This  is  the  forme  mulaire  of  the  above-mentioned 
authors. 

The  area  of  the'  skin  on  which  the  spots  appear  is  usually 
cedematous,  a  feature  most  commonly  observed  on  the  legs.  With 
the  appearance  of  the  eruption  the  fever  declines,  the  general 
symptoms  abate,  and  the  patient  feels  better,  but  the  blood  shows 
a  marked  diminution  in  the  red  cells,  some  of  which  are  nucleated, 
and  a  corresponding  reduction  in  the  hcemoglobin,  and  this  anaemia 
may  be  aggravated  by  haemorrhages  from  the  tubercles,  which  may 
be  so  severe  as  to  cause  the  death  of  the  patient.  At  this  stage 
the  verrugas  may  develop  in  the  internal  organs,  and  cause  serious 
symptoms :  thus  in  the  larynx  they  will  cause  dyspnoea ;  in  the 
bronchi,  bronchitis ;  in  the  lungs,  pneumonia ;  in  the  pleura, 
pleurisy;  in  the.  nose,  epistaxis  and  difficulty  in  nasal  breathing; 
in  the  oesophagus,  dysphagia ;  in  the  intestine,  bloody  diarrhoea ;  in 
the  meninges,  brain  symptoms  ;  in  the  eye,  amblyopia  ;  and  in  the 
uterus,  metrorrhagia. 

After  lasting  from  four  to  six  months,  during  which  several  crops 
appear  and  disappear,  each  preceded  by  an  attack  of  fe\'er,  the 
eruption  finally  disappears,  and  the  nodules,  becoming  pale  and 
drying  up,  disappear  without  producing  a  scar,  while  the  ulcerated 
nodules  dry  up  and  heal  by  cicatrization,  and  the  patient  is  left 
convalescent,  but  anaemic  and  feeble. 

The  course  of  the  disease,  however,  is  by  no  means  as  straight- 
forward as  depicted,  for  at  times  the  eruption  comes  out  poorly, 
and  is  limited  in  its  distribution,  or,  having  developed,  may  dis- 
appear, in  which  cases  the  general  symptoms,  which  may  liave 
improved,  are  apt  to  return  and  cause  a  serious  illness. 

Varieties. — Slight  cases  may  pass  through  the  whole  illness 
without  fever,  while  more  severe  cases  show  intermittent  or  even 
remittent  fever. 

Complications. — The  complications  are  numerous,  and  include 
septic  poisoning,  malaria,  tuberculosis,  and  syphilis,  but  the  most 
severe  is  that  with  Barton's  bacillus,  the  probable  cause  of  Carrion's 
fever. 
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Fig.  328.— Verruga  Peruviana:  Eruption  on  Extremities. 
(After  Bifii,  from  the  Archiv  fiir  Schiffs-  u.  Tropenhygiene.) 


56—2 


884 


VERRUGA  PERUVIANA 


Sequels.— The  usual  sequelae  are  anaemia,  dropsy,  and  affections 
of  the  nervous  system.  ,      j. 

Diagnosis.— The  most  important  feature  in  the  diagnosis  is  resi- 
dence in  one  of  the  endemic  areas,  when  a  person  complaining  of 
vague  pains  and  illness,  with  distinct  anaemia,  with  or  without 
febrUe  symptoms,  should  be  regarded  as  most  likely  to  be  suffering 
from  verruga.  The  febrile  stage  must  be  differentiated  from 
malaria  by  the  absence  of  the  parasites  in  the  blood,  from  typhoid 
by  the  serum  reactions,  from  tuberculosis  by  skin  and  ophthalnnc 
reaction,  from  rheumatism '  by  the  absence  of  the  swelling  of  the 
joints,  and  from  histoplasmosis  by  the  absence  of  the  parasite. 
The  stage  of  eruption  must  be  distinguished  from  framboesia  by 
the   absence    of   the    eruption   on    the    trunk,    by    the   tendency 

to  haemorrhage,  and  the 
absence  of  Treponema  per- 
tenue. 

Prognosis. — ^With  the 
possibility  of  such  a  serious 
complication  as  Carrion's 
fever  arising,  or  in  later 
stages  of  internal  verrugas 
f ormiing,  the  prognosis  must 
be  very  guarded.  A  good 
sign  is  an  early  appearance 
of  a  widely-spread  eruption, 
while  a  poorly-developed 
eruption  associated  with 
anaemia  and  marked  weak- 
ness is  of  grave  import. 

Especially  serious  is  the 
disappearance  of  a  poorly- 
marked  eruption,  and  the 
^'  reappearance  of  fever  pains, 

-  '  etc.  Cold  weather  and  high 
altitudes  are  unfavourable, 
and  complications  increase 
the  gravity  of  the  case 
considerably,    the    former 
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Fig.   329. — Verruga  Peruviana  :   Erup- 
tion ON  THE  Face,  Lips,  and  Tongue. 
(After   Biffi,  from  the  Archiv   fiir  Schiffs 
u.  Tropenhygiene.) 


because  it  delays  the  development  of  the  eruption  and  may  cause  it 
to  abort,  and  the  latter  because  it  increases  the  tendency  to  haemor- 
rhage.    The  mortality  varies  from  10  to  40  per  cent. 

Treatment. — No  specific  treatment  is  known,  but  Odriozola 
recommends  hypodermic  injections  of  arsenic  (probably  atoxyl 
would  be  found  useful),  and  "removal  from  the  endemic  region  to  the 
warm  countries  along  the  littoral  will  also  be  of  benefit.  Chills  and 
cold  baths  must  be  specially  avoided  as  being  apt  to  stop  the 
development  of  the  eruption,  and  hence  to  endanger  the  life  of  the 
patient.  Drugs  appear  to  be  useless  in  the  febrile  stage,  and 
though  decoctions  of  maize,  of  Buttneria  cor  data  (Buttneriaceae), 


REFERENCES  885 

Budleja  incana  (Scrofulariacese),  or  Schinus  molle  (Terebenthinaceae), 
have  been  popular,  they  are  now  believed  to  be  useless. 

Tonics  of  iron  and  arsenic  are  useful  during  convalescence,  but 
the  iron  is  best  administered  by  hypodermic  injections.  Carrion's 
fever  must  be  treated  in  the  same  manner  as  typhoid  fever. 

Prophylaxis. — In  the  present  state  of  our  knowledge  the  only 
possible  prophylaxis  is  to  avoid  the  endemic  regions. 

REFERENCES. 

There  are  numerous  references  in  the  'Cronica  Medica,'  published  in  Lima, 
but  the  most  important  monograph  is  that  by  E.  Odriozola,  which  is 
excellently  illustrated  with  maps  and  coloured  plates,  and  in  which  the 
subject  is  treated  in  the  fullest  manner. 

Bassett-Smith  (1909).     British  Medical  Journal. 

BiFFi   (1908).     Archiv  f.  Schiffs-  u.  Tropenhyg.,  xii.  i. 

Bourse  (1876).     Archiv  de  Med.  Nav.,  p.  353. 

Chastang  (1897).     Ibid.,  p.  417. 

DouNON  (1871).     /6i<f.,  p.  255.     (A  very  excellent  paper.) 

FouRNiER  (1874).     Ibid.,  p.  156. 

Hall  (1883).     Lancet,  ii.  845.     (Verruga  in  Ecuador.) 

HiRSCH  (1883).     Handbook  of  Histology  and  Geographical  Pathology,  ii.  114. 

(A  most  useful  account.) 
Letulle  (1898).     Comptes  Rendus  de  la  Societe  Biologie,  p.  764. 
Odriozola,  E.  (1898).     La  Maladie  de  Carrion.     Paris. 
Odriozola,  M.  (1858).     Medical  Times  and  Gazette,  p.  280. 
Smith   (1858).     Edinburgh  Medical  and  Surgical  Journal,  p.  67. 
TscHUDi   (1843).     Viages  al  Peru. 
Vecchi  (1909).     Beihefte  Archiv  f.  Schiffs-  n.  Tropenhygiene,  No.  4. 


CHAPTER  XXXIX 
BERI-BERI    AND    EPIDEMIC    DROPSY 

Beri-Beri — Epidemic  Dropsy. 

BERI-BERI. 

Synonyms. — Polyneuritis  Endemica,  Neuritis  Multiplex  Endemica, 
Hydrops  Asthmaticus,  Synclonus  Beriberia,  Myelopathia  Tropica 
Scorbutica,  Paraplegia  Mephitica,  Sero-phthisis  Perniciosa  En- 
demica, Panneuritis  Endemica,  Berbiers,  Kakke  (signifying  a  disease 
of  the  legs  in  Japan  and  China),  Loempoe  (Java),  Kaki-lem-but, 
Hinchazon  de  los  Negros  y  Chinos,  Maladie  des  Sucrefies  (French 
Antilles),  Hinchazon  (Cuba),  Inchagao,  or  Perneiras  (Brazil). 

Etymology. — The  word  '  beri-beri '  is  said  to  be  derived  from  the 
Sinhalese  term,  meaning  '  cannot,'  which  is  used  as  a  phrase, 
which  means  '  I  cannot,'  employed  in  the  sense  that  the  person  is  too 
ill  to  do  anything.  There  is  another  Sinhalese  word  which  may 
equally  be  translated  as  '  cannot,'  but  this  means  that  the  person 
is  unwilling  to  do  something,  not  that  he  is  too  ill  to  do  it.  It  is 
possible  that  the  above  interpretation  of  the  word  is  correct,  for 
Ceylon  has  long  been  in  the  hands  of  Europeans — e.g.,  Portuguese, 
Dutch,  and  English — and  therefore  a  term  used  therein  would  be 
widespread.  There  is  no  doubt  that  the  word  covered  a  large 
number  of  diseases,  from  which  a  definite  pathological  entity  has 
gradually  been  separated  out.  It  is  to  be  noted,  however,  that — 
at  all  events,  at  the  present  time — the  disease  does  not  exist  en- 
demically  in  Ceylon,  where  there  are  only  imported  cases. 

Definition. — Beri-beri  is  an  acute  or  chronic,  endemic  or  epidemic, 
disease,  of  unknown  causation,  which  is  characterized  by  degenera- 
tion of  many  peripheral  nerves,  especially  the  vagi,  the  phrenics,  and 
those  of  the  limbs,  associated  with  gastro-intestinal  disturbance, 
cardiac  disturbance,  and  oedema. 

History. — According  to  Scheube,  it  is  possible  that  the  first  mention 
of  beri-beri  is  to  be  found  in  the  accounts  given  by  Strabo  and  Die 
Cassius  of  a  disease  which  attacked  a  Roman  army  in  24  B.C.  in 
Arabia.  Kakke  is  also  mentioned  in  a  Chinese  pamphlet  belonging 
to  the  second  century  of  the  present  era,  and  is  minutely  described 
in  another  belonging  to  the  seventh  century,  while  it  is  recorded  as 
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occurring  in  Japan  in  the  ninth  century.  In  the  tenth  century  a 
distinction  was  made  between  the  atrophic,  dry  or  paralytic,  and 
the  hypertrophic,  wet,  or  dropsical  forms  of  the  complaint. 

In  1758-59  Bontius  was  the  first  European  doctor  to  give  an 
account  of  the  disease,  which  he  described  under  the  term '  beri-beri.' 
Later,  Tulpius,  a  Dutch  physician,  also  described  the  symptoms  of 
the  disease  as  seen  in  a  person  who  had  returned  to  Holland  from 
the  Indies.  From  that  time  the  literature  on  beri-beri  has  grown 
until  it  has  reached  enormous  proportions,  but  unfortunately  there 
is  no  doubt  that  until  recently  several  diseases,  especially  agchylosto- 
miasis  and  epidemic  dropsy,  were  confounded  with  it.  Rogers  in 
1808,  and  later  Davy,  describe  the  disease  as  '  beri-beria,'  while 
the  latter  says  that  it  is  almost  peculiar  to  Ceylon. 

In  1847  Carter  gave  a  description  of  the  disease,  indicating  asthma 
as  the  principal  feature,  probably  because  of  the  cardiac  dyspnoea. 
In  1873  Fayrer  laid  great  stress  on  oedema  as  the  important  clinical 
feature.  In  1877  Wernich  defined  the  disease  kakke  in  Japan, 
while  Van  Meedervoort  showed  that  it  was  the  same  disease  as 
beri-beri.  In  1886  Kynsey  published  an  account  of  the  anasmia  or 
beri-beri  of  Ceylon,  by  which  he  really  meant  agchylostomiasis ; 
hence  the  idea  that  beri-beri  was  due  to  Agchylostomum  duodenale, 
and  hence  the  large  number  of  cases  of  so-called  beri-beri  in  Ceylon 
years  ago. 

The  scientific  and  clinical  study  of  the  disease  has  been  largely 
due  to  the  work  of  Oudenhoven,  Da  Sylva  Lima,  Overbeck  de 
Rieyer,  Baelz,  Scheube,  Pekelharing  and  Winkler,  Hamilton  Wright, 
and  Fraser  and  Stanton.  The  workers  on  the  aetiology  of  the 
disease  are  so  numerous  that  this  part  of  the  history  is  best  treated 
in  the  section  on  the  causation. 

Beri-beri  is  in  certain  regions  a  most  serious  disease.  Thus 
Braddon  says  that  in  the  Straits  Settlements  and  Malaya,  where 
the  population  is  only  1,250,000,  no  less  than  150,000  cases  of 
the  disease,  with  30,000  deaths,  have  occurred  in  Government 
hospitals  and  infirmaries  in  the  last  twenty  years  ;  bufhe  says  that 
only  one-third  of  the  deaths  of  Chinese  took  place  in  those  hospitals, 
and  therefore  the  total  deaths  in  that  period  would  be  about  100,000. 
It  is  also  a  great  .element  in  inefficiency,  for  it  is  reckoned  that 
33  per  cent,  of  the' sailors  of  the  Japanese  Navy  prior  to  1884  were 
continuously  disabled  by  it.  In  1904-05  it  is  said  that  24  per 
cent,  of  the  entire  sick  and  wounded  in  the  Japanese  armies — 
i.e.,  about  85,000  men— were  also  disabled  by  it.  It  is  obvious, 
therefore,  that  the  disease  is  of  great  medical  and  economic  interest, 
for  its  incidence  particularly  falls  upon  the  labourer,  the  sailor,  the 
soldier,  and  the  prisoners  in  the  gaols,  and  hence  hampers  both  the 
employer  of  labour  and  the  Government.  Braddon  estimates  the 
cost  of  the  disease  to  the  Government  of  Malaya  as  £10,000  per 
annum  in  direct  hospital  charges  only. 

Climatology.— The  endemic  centre    of  beri-beri  appears  to   be 
Eastern  Asia,  Japan,  China,  the  Philippine  Islands,  Indo-China, 
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Java,  and  Malaya.  It  is  also  said  to  occur  in  Brazil  and,  according  to 
Plehn,  in  Reunion,  Mauritius,  Nossi-b6,  Zanzibar,  Cape  Colony, 
Senegal,  Angola,  the  Congo  Free  State,  and  the  Cameroons.  We  have 
met  with  the  disease  on  the  Gold  Coast  in  Chinese  miners,  but  have 
not  noted  it  in  the  native  population,  though  it  may  possibly  exist. 
Isolated  epidemics,  sporadic  or  imported  cases,  occur  in  England, 
Ireland,  and  other  parts  of  Europe,  the  United  States,  Canada, 
and  in  Ceylon.  In  the  last-named  place  it  is  now  almost  entirely 
absent,  and,  indeed,  it  is  possible  that  many  of  the  cases  reported 
years  ago  may  have  been  agchylostomiasis  or  some  other  disease. 
Imported  cases  from  India  and  China  are  frequently  met  with  in 
Colombo,  owing  to  its  possessing  a  large  harbour  where  numerous 
vessels,  with  Chinese  and  Indian  crews,  call. 

It  is  believed  that  the  Bihimbo  disease  of  the  Chaka  district  of 
Uganda  is  beri-beri.  In  the  tropics  it  is  said  to  occur  more  often 
in  the  cool  wet  months. 

etiology. — The  causation  of  beri-beri  is  quite  unknown,  but,  as 
may  be  imagined  in  such  a  widespread  and  fatal  disorder,  the  in- 
vestigators have  been  many,  and  hence  the  theories  are  legion.  In 
order  to  comprehend  the  present  state  of  the  question,  it  is  necessary 
very  briefly  to  review  a  few  of  these  theories,  which  will  be  best 
done  by  following  a  method  of  classification. 

A.  Physical  Cause. — The  older  writers,  like  Davy,  considered  that  it  was 
brought  about  by  some  unusual  state  of  the  atmosphere,  but  they  said, 
honestly,  that  this  was  merely  a  cloak  for  their  ignorance  of  the  true  cause. 

B.  Chemical  Causes. — The  chemical  causes  which  have  been  advanced 
are  : 

1.  Arsenical  poisoning  (Ross). 

2.  Oxalate  poisoning  (Treutlein). 

3.  Carbon  dioxide  poisoning  (Ashmead). 

4.  Food  poisoning — 

(a)  Ichthyotoxismus  (Grimm  and  Miura). 

(b)  Sitotoxismus      (Eijkman,     Vorderman,      Yamagiwa,    "Van 

Dieren)  ;   rice    (Gelpke,   Braddon,    Fraser   and   Stanton)  ; 
lathyrism  (Le  Roy  de  Mericourt). 

5.  Some  deficiency  in  the  food — 

(a)  Deficient  nitrogen  (Takaki). 

(6)  Deficient  fat  (Bremaud  and  Laurent). 

(c)  Deficient  vegetables,  together  with  an  infection  (Fales). 

6.  An  intoxication  from  a  germ  living  outside  the  body  (Manson). 

7.  An  intoxication  or  an  auto-intoxication  (Duerck). 

:.  Arsenical  Poisoning. — Ross,  in  1900  and  subsequent  years,  drew 
attention  to  the  similarity  between  beri-beri  and  the  arsenical  poisoning  which 
at  that  time  was  prevalent  throughout  Lancashire,  being  brought  about  through 
the  agency  of  arsenical  beer.  He  further  supported  this  by  finding  arsenic 
in  the  hair  in  recent,  but  not  in  old,  cases  of  the  disease  in  Penang,  and  woke 
up  a  controversy  as  to  whether  arsenic  existed  in  normal  hair  or  not.  But 
apart  from  the  obvious  reasons  against  this  theory  as  an  explanation  for  such 
a  widespread  disease,  Herzog  has  definitely  shown  that  no  arsenic  could  be 
found  in  the  hair  of  ten  cases  of  different  types  of  the  disease.  There  is  no 
doubt  that  cases  of  chronic  arsenical  poisoning  do  occur  in  the  tropics,  as  we 
have  seen,  particularly  in  Europeans  who  have  had  to  live  for  a  long  time  on 
tinned  food,  but  these  cases  are  not  beri-beri. 
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Maur2-''anrTr.^,'il^°''™°-~T,'?^°''^'^*l  ^^^"'^  *^  '^^^ed  upon  the  fact  that 
hT  fnwU  K,f  Treutlem  were  able  to  produce  a  condition  resembling  beri-beri 
SJ-^^hu^f^'^^-^^^"^  °''^^'<=  ^""^  ^  tl^eir  food.  The  latter  obslrver  con- 
and  cauid  th.r.^^'^  'T°^^^  '!?■"  "^^T"^  ^^"^  ^^°°^  ^^«  body  of  these  animals, 
and  rnr«!^.t^H  ??Vi^^^°"^*'°''  °^  ^^^  peripheral  nerves  and  heart  muscle 
of  r.?r^fm  ==,H  ^1^  ^^^  ^f  Pl°^"^  by  <="""?  *bem  by  the  administration 
of  calcium  salts  Further,  he  showed  that  there  was  an  excessive  excretion 
nrn^t^i^™  '^  Y  ,^'"^;°^  beri-beri  patients.  But  polyneuritis  has  been 
S^c  -K?  4-,,  .*°'^il''y  Eijkman  by  feeding  them  with  cooked  rice,  and  it  is 
possible  that  neither  oxalic  acid  nor  rice,  but  an  infection,  was  the  cause  of 
the  disease,  which  may,  of  course,  be  quite  different  from  true  beri-beri 

3.  ^ARBON  Dioxide  Poisoning.— Ashmead  believes  that  the  disease  is 
caused  by  the  excessive  inhalation  of  carbon  dioxide,  but  outbreaks  occur 
witliout  any  overcrowding,  as  we  have  seen  ourselves. 

4-  Food  Poisoning.— (a)  I chtkyotoxismus.— Giimm  considers  the  ingestion 
ot  raw  fish  to  be  the  cause  of  the  disease,  and  Miura  the  consumption  of 
species  of  the  Scombnda;  ;  but  Wright  has  shown  that  in  the  gaol  at  Kwala 
Lumpur  the  disease  infected  forty-nine  prisoners  when  no  fish  had  been 
given  for  eight  months. 

(6)  Sitotoxismus. — Rice  poisoning  at  present  is  the  favourite  theory  and  has 
had  many  supporters.  Thus  Eijkman  and  Vorderman  consider  that  it  is 
due  to  eating  rice  without  husk,  which  is  the  natural  protection.  Gelpke 
considers  that  it  is  due  to  stale  or  badly-kept  rice.  Yamagiwa  considers  it 
due  to  rice  improperly  stored  and  preserved,  as  it  occurs  even  when  this  rice 
IS  well  boiled.  Braddon,  who  is  often  wrongly  quoted,  ascribes  the  disease 
to  the  ingestion  of  a  poison  found  in  the  rice,  which  is  the  result  of  the  specific 
product  of  some  organism — epiphyte  or  parasite — but  he  does  not  believe 
that  the  disease  is  due  to  the  ingestion  of  the  organism.  Contrary  to  Eijkman 
and  Vorderman,  Braddon  looks  upon  the  husk  as  the  dangerous  element,  eis 
it  is  in  this  that  the  germ  grows.  > 

But  the  disease  has  been  observed,  according  to  Scheube,  who  quotes 
Fiebig  and  Voorthnis,  in  Brazil,  the  Moluccas  and  Liugga,  where  the  people 
live  on  sago,  fish,  and  game,  and  where  the  attacked  Europeans  had  never 
eaten  rice. 

Travers  details  an  interesting  observation  on  this  point  concerning  an 
epidemic  of  beri-beri  in  the  Pudoh  Gaol  of  Kwala  Lumpur,  in  August,  1895, 
when  some  of  the  cases  were  transferred  to  the  Old  Gaol,  one  and  a  half 
miles  distant,  on  October  i,  1895,  because  the  mortality  in  the  Pudoh  Gaol 
was  extremely  high  ;  and  on  October  25,  1895,  sixty  prisoners,  showing  no 
signs  of  the  disease,  and  apparently  in  good  health,  were  similarly  transferred. 
From  October  i  to  December  14,  1895,  all  food  supplied  to  the  healthy 
prisoners  in  the  Old  Gaol,  as  well  as  to  the  beri-beri  patients  transferred  from  _ 
the  Pudoh  Gaol,  was  cooked  in  the  Pudoh  Gaol  with  the  food  for  the  other 
prisoners  who  were  suffering  from  the  disease. 

This  food  was  carried  to  the  Old  Gaol  twice  daily,  and  the  diet  was  exactly 
the  same  in  both  gaols,  the  rice  being  taken  out  of  the  same  bag  and  cooked 
in  the  same  steamer.  Further,  it  appears  from  Braddon's  remarks  that  in 
1895  ^  new  scale  of  ordinary  diets,  with  an  increased  amount  of  rice,  was 
allowed,  fresh  fish  was  replaced  by  salted,  and  beans  were  omitted,  and 
Braddon  considers  that  it  was  this  increase  of  the  rice  that  increased  the 
poison  and  made  the  people  ill  ;  but  this  ought  to  apply  to  both  places. 

Moreover,  Braddon  considers  deductions  adverse  to  rice  in  the  above 
experiment  to  be  fallacious,  for  he  holds  that  the  length  of  period  of  incar- 
ceration of  the  above  prisoners  is  an  important  factor  ;  for  the  liability  to 
acquire  the  disease,  he  says,  increases  with  and  varies  directly  according 
to  the  length  of  the  time  served  in  prison,  which  must  be  more  than  six  months. 
He  points  out  that  it  is  not  stated  how  many  long-sentence  prisoners  were 
sent  to  the  Old  Gaol,  which  he  thinks  may  not  have  been  more  than  two  or 
three  ;  and  concerning  these,  he  says,  there  is  no  proof  that  any  of  them 
were  kept  for  the  period  necessary  to  acquire  the  disease  by  rice  intoxica- 
tion.    He  therefore  concludes  that  Travers'   experience  affords  no  ground 
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for  opposing  the  theory  that  beri-beri  is  incurred  through  the  consumption 
of  certain  sorts  of  rice.  Recently  Fraser  and  Stanton  have  strongly  sup- 
ported Braddon's  rice  theory  by  showing  that  members  of  gangs  of  coolies 
who  had  previously  remained  quite  healthy  developed  beri-beri  when  fed  on 
white  rice,  while  other  members  of  the  same  gangs,  fed  on  brown  rice,  re- 
mained healthy.  Further,  they  showed  that  the  disease  disappeared  when 
white  rice  ceased  to  be  used  as  an  article  of  diet.  The  isolated  position  in 
which  the  gangs  were  working  almost  excluded  any  possibility  of  infection 
from  place  or  from  persons,  but  not  quite  from  the  latter. 

5.  Some-Deficiency  in  the  Food. — (a)  Deficient  Nitrogen. — Previous  to  1884, 
3  3  per  cent,  of  the  sailors  in  the  Japanese  Navy  were  disabled  owing  to  beri-beri. 

In  1883  the  Ryujo,  a  Japanese  warship,  went  on  a  voyage  of  271  days  to 
New  Zealand  and  South  America,  and  developed  160  cases  of  the  disease 
out  of  a  crew  of  350  men.  Takaki  investigated  this  outbreak,  and  came 
to  the  conclusion  that  there  was  too  little  nitrogen  in  the  diet,  the  nutritive 
value  of  which  was  :  Proteids,  I09'29  grammes  ;  fats,  15-8  grammes  ;  carbo- 
hydrates, 622'32  grammes.  He  therefore  changed  the  diet  to  :  Proteids, 
196  grammes  ;  fats,  43  grammes  ;  and  carbohydrates,  775  grammes  ;  and  on 
this  dietary  the  warship  Taukuba  was  sent  the  same  cruise,  taking  287  days, 
and  only  suffered  from  sixteen  cases  of  the  disease.  Takaki  attributed 
the  success  to  the  increased  nitrogen,  a  portion  of  the  rice  being  replaced 
by  corn  or  bread  ;  but  Fales  has  pointed  out  that  fresh  vegetables  were  in- 
creased from  215  grammes  to  450  grammes,  and  that  therefore  nitrogen 
alone  may  not  have  been  the  cause  of  the  decrease  of  the  disease.  This 
dietary  was  applied  to  the  Japanese  Army  and  Navy,  and  beri-beri  decreased 
enormously.  But  Baelz  has  pointed  out  that  this  decrease  weis  associated 
with  a  great  improvement  in  general  hygiene,  and  that  it  also  took  place 
in  barracks  in  which  the  food  had  not  been  changed.  A  similar  decrease  in 
the  Dutch-Indian  Navy,  associated  with  a  better  diet,  was  attributed  by  some 
to  the  improved  hygiene  rather  than  to  the  diet. 

(6)  Deficient  Fat. — Bremaud  and  Laurent  believe  that  the  disease  is  due  to 
too  little  fat  in  the  food,  and  consider  that  an  epidemic  at  Chaudabum,  in 
Siam,  was  stopped  by  causing  fat  to  be  more  freely  consumed  by  the  healthy. 
This  theory,  however,  has  found  but  little  support. 

(c)  Deficient  Vegetables,  together  with  an  Infection. — Fales,  froni  a  study  of 
an  outbreak  of  an  epidemic  of  beri-beri  in  the  Bilibid  prison,  in  Manila,  came 
to  the  conclusion  that  the  lack  of  fresh  vegetables  conduced  powerfully  to 
both  beri-beri  and  scurvy. 

In  November,  1901,  uiere  were  two  cases  of  the  disease,  and  no  deaths, 
in  that  gaol.  The  food  was  then  changed  to  a  ration  consisting  of 
97'I7  grammes  of  proteids,  I7'24  grammes  of  fats,  49i'04  grammes  of  carbo- 
hydrates and  26-52  grammes  of  salts.  In  this  diet  there  were  85'OS  grammes 
of  potatoes,  and  453'6o  grammes  of  rice.  Put  into  other  figures,  this  diet 
consisted  of  :  Nitrogen,  172-1  grammes  ;  carbon,  4,166-5  grammes  ;  hydrogen, 
61-9  grammes  ;  sulphur,  13-2  grammes  ;  salts,  140-2  grammes — the  propor- 
tion of  nitrogen  to  carbon  being  as  i  to  24-2.  Whereas,  calculating  the 
weight  of  Filipinos  at  125  pounds,  it  was  estimated  that  proteids  ought, 
according  to  Voigt's  diet,  to  have  been  at  least  94  grammes,  fats  45  grammes, 
and  carbohydrates  400  grammes  ;  or,  according  to  Moleshott's  diet,  nitrogen, 
256  grammes  ;  carbon,  3,789  grammes  ;  hydrogen,  143  grammes  ;  csulphur, 
23  grammes  ;  salts,  172  grammes — i.e.,  N  :  C  :  :  i  :  0-15. 

The  epidemic  of  Ijeri-beri  now  began  :  December,  1901,  52  cases  and  2 
deaths;  January,  1902,  169  and  12;  February,  1,087  and  16;  March,  576 
and  15  ;  April,  327  and  15  ;  May,  310  and  19;  June,  451  and  17  ;  July,  233 
and  33  ;  August,  571  and  24  ;  September,  522  and  31. 

On  October  20  the  diet  was  again  changed,  and  this  time  proteids  were 
101-71  grammes;  fats,  19-37  grammes;  carbohydrates,  395-73  grammes; 
salts,  29-13  grammes;  including  119-07  grammes  of  potatoes  and  255-15 
grammes  of  rice.  Nitrogen  was  209-8  grammes;  carbon,  3,816-2  grammes ; 
hydrogen,  70-4  grammes  ;  sulphur,  17-2  grammes  ;  and  salts,  185  grammes — 
N  :  C  :  :  I  :  13-4. 
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In  October  there  were  579  cases  and  34  deaths  ;  November,  476  and  8  ; 
December.  89  and  3  ;  half  January,  1903,  4  cases  and  no  deaths. 

Along  with  the  beri-beri  there  was  an  epidemic  of  scurvy,  and  Fales  was  of 
tne  opmion  that  both  diseases  were  led  up  to  by  a  deficiency  of  vegetables. 
the  essential  prmciple  of  which  he  believes  to  be  potassium  carbonate,  of  which 
nee  contains  only  o-o:  gram  per  ounce,  while  potatoes  contain  1-87;  grains. 
Hence,  accordmg  to  Fales.  the  disappearance  of  the  disease  when  a  suffi- 
ciency of  vegetables,  especially  potatoes.  Was  given.  But  he  says  this 
deiiciency  is  only  a  prfedisposing  cause,  which  enables  the  micro-organism, 
whatever  it  is,  which  is  the  true  cause  of  the  disease,  to  flourish  and  produce 
the  symptoms.  In  other  words,  the  people  get  run  down  by  a  bad  diet  and 
are  ready  for  any  disease,  so  that  this  does  not  clear  up  the  aetiology. 

Recently  Ingram  has  drawn  attention  to  an  outbreak  in  the  Sist  Pioneers 
and  the  2nd  Battahon  of  the  King's  Own  Scottish  Borderers,  at  Aden,  in 
which  he  could  find  no  clear  evidence  that  beri-beri  was  due  to  diet  alone, 
whether  insufficient  proteids  or  excessive  rice,  or  bad  rice,  but  he  considered 
a  diet  rich  in  proteids  good  as  a  preventative.  He  could  only  find  one  thing 
in  common  in  the  two  regiments — vi£.  both  brought  the  disease  with  them — 
but  was  unable  to  find  any  source  of  infection,  parasitic  or  otherwise.     , 

6.  An  Intoxication  from  a  Germ  living  outside  the  Body. — Manson 
brought  forward  the  hypothesis  that  a  germ  may  live  in  the  soil,  the  house, 
or  the  ship  occupied  by  the  human  being,  under  certain  conditions  of  tem- 
perature and  moisture,  and  may  grow  and  produce  some  kind  of  toxin  which, 
being  inhaled  or  swallowed,  or  otherwise  introduced,  causes  the  disease.  More- 
over, this  germ  may  be  carried  by  men  from  place  to  place. 

He  supports  this  theory  by  pointing  out — ^  (1)  that  when  patients  are 
removed  from  an  endemic  spot  they  at  once  begin  to  recover  ;  (2)  he  quotes 
Hirota's  observation  that  fifty-two  infants  nursed  by  beri-beric  mothers 
showed  signs  of  the  disease,  and  did  not  improve  when  treated  medicinally, 
but  rapidly  improved,  if  the  disease  had  not  advanced  too  far,  when  taken 
from  these  mothers  and  placed  on  artificial  food  or  given  to  a  healthy  wet- 
nurse.  Further,  Herzog  says  that,  according  to  Dr.  Albert,  similar  cases 
are  not  very  infrequent  in  the  Philippine  Islands,  but  the  removal  of  the 
child  from  the  mother  is  most  difficult,  as  the  people  do  not  understand  the 
necessity. 

Manson  rightly  points  out  that  these  children  must  have  been  poisoned 
with  some  chemical  siibstance,  and  not  infected  with  a  germ.  But,  of  course, 
the  germ  causing  the  toxin  might  be  in  the  mother's  body. 

Again,  Manson  points  out  that  the  disease  clings  to  ships,  in  which  it 
appears  year  after  year  when  the  tropics  are  reached.  There  is  also  evidence 
that  the  cause,  whatever  it  is,  clings  to  rooms  for  a  short  time. 

7.  An  Intoxication  or  an  Auto-Intoxication. — Duerck  is  convinced 
from  the  study  of  the  pathology  that  the  cause  of  the  disease  is  a  toxaemia, 
and  points  out  that  substances  formed  in  the  body  by  process  of  auto- 
intoxication may  produce  peripheral  neuritis,  but  the  epidemics  of  the  disease 
are  quite  against  a  theory  of  auto-intoxication. 

C.  Biological  Causes. — A  great  many  observers  are  in  favour  of  a  biological 
cause  for  the  disease,  without  committing  themselves  as  to  whether  it  is 
animal  or  vegetal.  Among  these  may  be  mentioned  Sambon,  who  con- 
siders that  the  specific  agent  lives  in  the  patient's  body.  Scheube  considers 
that  it  is  an  infectious,  but  not  a  contagious,  disease,  and  says  that  the 
analogy  with  malaria  is  in  some  respects  striking,  and  that  it  is  spread  by 
mechanical  transmission  of  the  disease  by  human  intercourse  in  some  way 
or  another.  This  is  quite  true,  because  there  are  numerous  instances  of 
disease  being  imported  by  human  beings  into  a  fresh  place  and  spreading, 
but  the  curious  point  is  that  it  generally  sticks  to  one  race. 

Thus,  in  Malaya  it  is  a  common  disease  among  imported  Chinese,  and 
hardly  known  among  the  natives.  In  the  Bilibid  Prison,  mentioned  above, 
the  prisoners  included  Filipinos,  Spaniards,  Chinese.  Japanese,  Indians, 
American  negroes,  Americans,  and  Europeans,  but  the  disease  fell  most 
severelv  on  the  Filipinos,  the  Chinese  being  almost  exempt,  only  one  or  two 
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contracting  the  disease,  while  the  Americans  were  immune.  Van  der  Scheer 
suggested  that  perhaps  insects,  such  as  cockroaches,  might  be  the  spreaders  of 
the  disease,  but  Durham's  investigations  are  contrary  to  this.  It  would  seem 
as  though  the  causal  agent  was  spread  by  some  parasite,  for  Daniels  has 
carefully  considered  the  question  of  infection,  and  does  not  find  any  evidence 
in  favour  of  it  being  conveyed  by  the  excreta  of  persons  suffering  from  the 
disease,  especially  the  faBCes. 

Further,  he  points  out  that  infection  by  air  and  water  can  be  excluded,  as  in 
Kwala  Lumpur  all  races  drink  the  same  water,  but  only  Chinese  are  attacked, 
even  though  they  drink  little  unboiled  water  ;  and  the  immunity  of  prison 
officials  from  the  disease  while  an  epidemic  rages  among  the  prisoners 
excludes  air.  Disinfection  appears,  from  Durham's  results  on  Christmas 
Island,  to  be  useless.  As  regards  parasites,  Durham  and  Daniels  are  both 
against  mosquitoes  as  being  the  cause — and,  indeed,  this  is  hardly  likely — and 
also  against  bugs. 

On  the  other  hand,  there  appears  to  be  some  evidence  in  favour  of  Pediculus 
capitis,  which  is  apt  to  cling  to  one  race,  and  this  is,  according  to  Daniels,  a 
plausible  theory  in  explaining  the  racial  selection  of  the  disease.  Experi- 
ments on  an  orang-outang  with  pediculi  from  a  beri-beri  case  were  negative, 
the  lice  rapidly  disappearing.  Daniels  could  not  exclude  fomites  as  a  carrier 
of  the  disease  in  his  observations.  Only  one  observer,  Taylor,  is  said  to  have 
produced  the  disease  in  animals  by  the  inoculation  of  the  blood  from  patients. 
Having  thus  briefly  considered  the  general  question  of  contagium  vivum,  and 
its  method  of  entry  into  the  body,  it  is  necessary  to  review  the  various 
organisms  which  have  been  held  to  be  the  cause  of  the  disease. 

They  may  be  classified  into  : 

Animal  Causes  : 

(a)  Protozoa. 

1.  Plasmodium  in  the  blood  (Glogner). 

2.  Protozoon  in  the  urine  (Hewlett  and  Korte). 

3.  Hsematozoa  in  the  blood  (Fajardo  and  Voorthuis). 

(b)  Nemathelminthes. 

1.  Some  form  of  Trichinella  (Gelpke). 

2.  Trichuris  trichiura  (Emi  and  Kynsey). 

3.  A gchylostoma  duodenale  (Emi  and  Kynsey). 

Vegetal  Causes — Fungi  : 
(a)  CoccacecB. 

1.  Cocci  in  the  alimentary  canal,  etc.  (Dangerfield). 

2.  Diploeoccus  in  the  urine  (Tsuzuki). 

3.  Diploeoccus  from  the  blood  and  urine  or  organs  post  mortem 

(Okata  and  Kokubo). 

4.  Four  kinds  of  cocci  (Musso  and  Morelli). 
(6)  Coccus  and  Bacillus. 

Pleomorphic   organism   obtained   by   Pekelharing   and   Winckler 

from  the  blood. 
Bacilli  and  cocci  by  Lacerda. 

(c)  Bacilli. 

1.  Bacillus  by  Taylor. 

2.  Bacillus  by  Rost. 

3.  Bacillus  by  Ogata. 

4.  Three  kinds  of  bacilli  by  Nepveu. 

5.  Bacillus  by  Eccke. 

Toxins  from  a  bacillus  in  the  alimentary  canal  (Hamilton  Wright). 
[3)  Fungi  higher  than  Bacteria. 
Mouldy  rice  (Hose). 

Protozoa. — Glogner's  parasites  were  similar  to  malarial  parasites,  but  were 
distinguished  therefrom  by  being  found  only  in  splenic  blood,  by  being 
always  extracorpuscular,  and  by  increasing  by  gemmation.     They  were  more 
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pigmented  than  malarial  parasites.  Scheube  thinks  that  Glogner's  cases 
were  comphcatious  of  beri-beri  with  malaria. 

Hewlett  and  Korte  centrifugalized  the  urine  of  beri-beri  cases,  and  found 
small  refractile  spherical  bodies,  2  to  3  /i  in  diameter,  with  a  thick  capsule 
and  hyalme  contents  ;  others  20  /i  in  diameter,  with  a  cytoplasm  studded 
with  retractile  granules,  and  containing  a.  single  nucleus  ;  and  others  30  n, 
with  a  thick  capsule,  an  oval  nucleus,  and  a  rounded  nucleolus.  They  further 
described  the  congestion  of  the  glomerular  vessels  and  haemorrhages  into  the 
tubules  of  the  kidney.  Further,  they  saw  a  somewhat  similar  disease  in 
monkeys,  the  urine  of  which  contained  highly  refracted  cells.  They  conclude 
that  the  above  are  either  peculiar  degenerate  cells  or  protozoa,  and  suggest 
that  the  disease  is  a  protozoan  infection,  and  that  the  causal  agent  is  elimi- 
nated by  the  urine.  Fijardo  and  Voorthuis  separately  describe  haematozoa, 
partly  free  and  partly  in  the  red  cells,  which  are  similar  to,  but  not  identical 
with,  the  malarial  parasites.  Their  organisms  do  not  agree  with  one  another, 
nor  do  they  correspond  to  Glogner's. 

Nemathelminthes. — Gelpke  suggested  that  the  disease  might  be  due  to  a 
Trichinella  in  vfish,  but  he  has  withdrawn  this.  Trichiuris  and  A  gchylostoma 
need  not  seriously  be  considered,  as  this  idea  arose  from  a  misunder- 
standing. 

FwMg'i.^Pekelharing  and  Winckler's  bacillus  has  also  been  found  by  Hunter, 
and  experimental  inoculations  by  both  sets  of  observers  produced  degenera- 
tions of  the  nerves.  But  it  must  be  admitted  with  regard  to  bacteria  that 
competent  observers  have  found  the  blood  sterile  time  after  time. 

Hamilton  Wright's  bacillus,  which  occurs  in  the  alimentary  canal,  has  been 
found  by  Dudgeon  to  be  non-pathogenic  for  monkeys,  and  not  to  be  aggluti- 
nated by  the  blood  of  beri-beri  patients.  Stanley's  experiments  on  animals 
with  mouldy  rice  have  been  negative.  Finally,  attention  may  be  drawn  to 
the  researches  of  Hoist,  Nocht,  and  the  Norwegian  Ship  Beri-beri  Committee, 
which  indicate  that  the  so-called  ship  beri-beri  is  not  beri-beri,  as  the  symp- 
toms are  shortness  of  breath  and  weak  heart,  with  weakness  and  dropsy  of 
the  lower  limbs,  but  not  paralysis  of  the  limbs — i.e.,  the  degeneration  of 
the  nerves  is  not  an  essential  phenomenon.  In  conclusion,  we  are  bound  to 
state  that  the  aetiology  of  the  disease  is  unknown,  and  that  we,  personally, 
are  inclined  to  consider  the  disease  to  be  of  protozoan  origin. 

Predisposing  Causes. — ^The  disease  can  occur  in  all  races,  and  at 
all  ages,  and  in  both  sexes,  but  it  is  apt  to  cling  particularly  to  one 
race  in  a  country — e.g.,  the  Chinese  in  Malaya,  the  Filipinos  in  the 
Philippine  gaol  outbreak.  This  racial  incidence  is  most  marked. 
Thus,  Braddon  says  that  of  the  Chinese  immigrants  into  the  Straits 
and  Malaya,  it  may  be  reckoned  that  of  every  1,000  living,  120  suffer 
and  16  die  of  the  disease.  The  Malayas  are  said  to  suffer  but  little,  if 
at  all.  In  the  Bilibid  Prison  in  Manila,  on  the  other  hand,  according 
to  Fales,  the  Filipinos  suffered  most  severely,  the  Chinese  were  almost 
exempt,  only  one  or  two  contracting  the  disease,  while  the  Americans 
were  entirely  free. 

With  regard  to  age,  it  is  most  commonly  met  with  in  young  adults 
between  fifteen  and  thirty  years,  but  it  has  also  been  noted  in  babies 
at  the  breast  and  in  old  men.  It  is  more  commonly  met  with  in 
men  than  in  women. 

Recently  occupation  has  been  carefully  investigated  by  Hunter 
and  Koch  in  Hong-Kong,  and  they  conclude  that  the  disease  is 
universally  present  throughout  the  community,  but  especially 
affects  the  working  classes,  while  the  professions,  the  merchants, 
and  the  leisured  classes  are  practically,  but  not  entirely,  exempt. 
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Other  predisposing  causes  are  disturbance  di  the  soil  and  a  high 
atmospheric  temperature. 

Important  Features.— The  pecuUar  features  of  the  disease  are 
that,  though  it  generally  occurs  among  rice-eating  peoples,  yet  at 
times  it  occurs  in  other  communities,  as  in  the  British  regiment,  in 
whose  ration  there  was  but  a  small  quantity  of  rice,  which  was  cured 
Rangoon  rice,  while  Braddon  says  '  those  who  eat  only  cured  rice 
never  get  it.'  Finally,  if  observers  are  to  be  trusted,  there  are 
places  where  beri-beri  occurs  and  rice  is  not  eaten.  On  the  other 
hand,  there  is  a  great  deal  of  evidence  in  support  of  the  idea  that 
one  case  in  some  way  or  another  leads  to  others,  who  mostly  belong 
to  the  same  race  or  occupation — i.e.,  that  the  disease  is  in  some  way 
infectious,  and  is  spread  by  the  agency  of  man.  Daniel's  idea 
of  a  pediculus,  though  there  is  no  definite  support  at  present, 
deserves  serious  consideration. 

To  summarize  from  the  evidence,  it  appears  more  likely  that  a 
parasite  will  be  found  to  be  the  spreader  of  the  disease,  which  makes 
it  more  probable  that  the  actual  cause  will  be  found  to  be  a 
protozoon  than  that  it  is  due  to  diet,  which,  however,  may  be  a 
predisposing  cause,  especially  if  the  nutritive  value  of  the  food  is 
low,  or  the  proportions  wrong. 

Pathology. — As  the  cause  of  the  disease  is  unknown,  but  little 
can  be  said  as  to  the  pathology,  but  Mott  and  Halliburton  have 
performed  an  experiment  which  throws  much  light  on  the  disease. 
They  injected  blood  taken  from  an  acute  case  of  beri-beri  into  a 
cat,  and  found  a  fall  of  blood-pressure,  with  dilatation  of  the  vessels 
of  the  stomach,  intestines,  and  liver,  as  well  as  general  venous 
engorgement,  and  they  also  noted  dilatation  of  the  right  side  of  the 
heart,  and  microscopical  haemorrhages  into  the  liver.  This  would 
clearly  indicate  that  a  poison  capable  of  producing  great  vaso- 
motor changes  was  circulating  in  the  blood  of  beri-beri  patients. 
In  addition  to  the  engorgements  found  in  the  cat,  the  human  being 
suffers  from  congestion  of  the  pharynx,  and  degeneration  of  the 
cardiac,  muscular,  and  sensory  nerves.  The  oedema  is  probably  due 
to  the  vaso-motor  disturbance. 

Durham  considers  that  the  urine  indicates  a  serious  diminution 
of  the  metabolism. 

Morbid  Anatomy. — ^The  morbid  anatomy  and  histo-pathology 
have  been  studied  by  numerous  observers,  among  whom  the  in- 
vestigations of  Wright,  Diirck,  and  Scheube  must  be  especially 
raentioned.  In  acute  cases  there  is  cdways  some  oedema,  but  at 
times  this  may  be  excessive,  and  the  veins  of  the  neck  are  swollen. 
Hypostasis  is  always  well  marked,  but  may  be  excessive,  especially 
about  the  face.  There  is  often  froth  at  the  mouth.  Irt  chronic 
cases  the  body  is  pale,  and  may  be  swollen  with  dropsy  or  emaciated. 
In  the  former  the  post-mortem  rigidity  develops  quickly,  and  is 
well  marked.  In  the  latter,  however,  it  is  not  so  marked.  On 
cutting  into  the  body  the  subcutaneous  tissues  are  usually  oedema- 
tous,  and  the  veins  are  filled  with  dark  fluid  blood.     There  is  a 
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varying  quantity  of  serous  fluid  in  the  abdomen,  the  chest,  and  the 
pericardium,  and  there  may  be  petechial  hemorrhages  under  the 
visceral  pleura,  and  pericardium  in  acute,  but  not  in  chronic,  cases. 
Ihe  throat  and  tonsils  are  generally  congested  in  acute  cases, 
but  they  may  be  normal ;  the  larynx  may  be  congested  or  normal, 
i  he  mucosa  of  the  trachea  and  bronchi  may  be  oedematous,  with 
the  lumen  full  of  fluid.  The  lungs  may  be  congested  and  oedematous, 
and  may  contain  little  air. 

The  right  side  of  the  heart  is  always  greatly  dilated  in  acute 
cases,  and  is  also  hypertrophied  in  older  cases,  but  it  is  rare  for  the 
left  ventricle  to  be  hypertrophied,  though  it  may  be  dilated  to  a 
moderate  extent.  The  myocardium  generally  shows  fatty  degenera- 
tion, the  striation  is  often  absent,  and  segmentation  and  vacuolation 
of  the  fibres,  with  an  increase  of  the  interstitial  tissue,  can  also  be 
seen,  and  there  is  a  round-celled  infiltration  beneath  both  endo- 
and  epicardium  in  acute  cases.  (These  changes  are  said  by  Scheube 
to  be  like  those  found  in  rabbits  after  section  of  both  vagi.) 

According  to  Wright,  the  entire  nervous  system  of  the  heart  is 
damaged  in  acute  cases,  the  cells  of  the  bulbar  nuclei  and  the 
nucleus  ambiguus  on  both  sides  being  swollen,  with  excentrically 
placed  nuclei  and  a  disappearance  of  Nissl's  bodies  in  the  processes, 
and  to  a  less  extent  at  the  periphery.  These  changes  may  also 
be  seen  in  the  first  and  second  pair  of  the  thoracic  ganglia,  and 
in  the  intrinsic  ganglionic  cells  of  the  heart,  while  the  vagal  nerve- 
endings  show  rounded  droplets  of  altered  myelin  (neurokeratin  ?), 
especially  near  the  nodes.  In  chronic  cases  only  the  vagi  may  show 
degeneration,  the  ganglia  in  the  heart  being  normal. 

In  acute  cases  the  stomach  and  duodenum  are  markedly  affected, 
the  mucosa  being  hyperaemic,  with  more  or  less  marked  haemorrhagic 
extravasations,  and  even  at  times  effusion  of  blood  into  the  lumen  of 
the  viscus.  This  inflammation  may  extend  to  the  ileum,  or  very 
rarely  even  to  the  caecum,  but  usually  the  small  and  large  intestines 
show  nothing  abnormal,  for  the  acute  irritation  is  located  to  the 
pylorus  and  the  duodenum. 

Microscopically  there  is  an  acute  congestion  with  round-celled 
infiltration,  with,  according  to  Herzog,  a  very  large  number  of 
eosinophile  cells  and  necrosis  of  the  glandular  epithelium.  The 
cells  of  Auerbach  and  Meissner's  plexuses  are  degenerate,  and  the 
nerve  fibres  in  the  stomach  and  duodenum  also  show  signs  of 
degeneration.  In  chronic  beri-beri  these  gastro-duodenal  signs  are 
absent. 

In  an  acute  case  the  lymphatic  glands  near  the  stomach  and 
duodenum  are  enlarged  and  congested.  The  liver  is  generally 
enlarged  and  congested,  and  at  times  in  a  nutmeg-like  condition,  and, 
according  to  Hewlett  and  Korte,  there  may  be  extensive  haemor- 
rhagic patches.  Scheube  and  Plehn  draw  attention  to  a  round- 
celled  infiltration  of  the  interlobular  connective  tissue,  which  the 
latter  calls  a  beri-beric  interstitial  hepatitis.  The  cells  show  fatty 
degeneration,  cloudy  swelling,  and  at  times  necrosis.    The  spleen 
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may  show  some  cyanosis,  and  be  slightly  enlarged  and  indurated, 
but  usually  it  is  normal.  The  wall  of ,  the  gall-bladder  may  be 
oedematous  at  times ;  the  pancreas  is  normal.  The  suprarenals 
may  be  pigmented  and  congested  with  vacuolated  cells.  The 
kidneys  are  usually  swollen  and  hyperamic,  and  there  may  be 
haemorrhages  into  the  glomeruli,  tubules,  and  pelvis,  together 
with  cloudy  swelling  and  cellular  infiltration.  The  ureters  and 
bladder  are  usually  normal. 

The  nervous  system  is  markedly  affected.  The  meninges  of  the 
brain  may  be  hyperaemic,  and  there  may  be  some  hypersemia  of  the 
brain  substance  itself,  and  increase  of  fluid  in  the  ventricles,  but 
the  microscope  shows  nothing  abnormal  except  in  the  bulb,  where, 
according  to  Wright,  there  are  the  changes  already  mentioned  in 
the  vagaJ  nucleus.  Kustermann  also  describes  acute  degeneration 
of  the  vagal  ganglia  at  the  base  of  the  fourth  ventricle. 

The  spinal  cord  is  usually  normal.  Hamilton  Wright  and  others 
have  described  degeneration  of  the  ceUs  of  the  posterior  spinal 
ganglia  and  anterior  cornua  of  the  lumbar  cord,  together  with 
atrophy  of  GoU's  column,  in  which  histologically  there  is  a  thickening 
of  the  glia  tissue  and  a  complete  disappearance  of  the  nerve  fibres, 
with  the  presence  of  many  granular  cells. 

The  peripheral  nerves  are  usually  normal  to  the  naked  eye,  but 
may  be  injected  and  haemorrhagic.  Scheube  and  Baelz  first  showed 
that  these  nerves  were  degenerated,  the  muscular  branches  of  the 
nerves  of  the  limbs  being  most  affected,  but  even  the  fine  sensory 
cutaneous  branches  were  also  attacked.  The  changes  in  the  auto- 
nomic nervous  system  do  not  appear  to  have  been  closely  studied, 
though  several  observers  have  recorded  changes  in  the  ganglia,  and 
in  the  cardiac  and  other  plexuses. 

The  degeneration  of  the  nerve  fibres  has  been  carefully  studied 
by  Scheube,  Baelz,  Hamilton  Wright,  and  Diirck.  The  neuro- 
keratin network  becomes  irregular,  and  its  meshes  wider,  while  its 
rods  disappear.  The  medullary  sheath  becomes  vacuolated,  and 
its  inner  boundary  ill-defined.  In  other  places  the  neurokeratin 
network  condenses  into  small  rosary-like  masses  or  larger  lumps, 
somewhat  regularly  arranged.  Later  the  medullary  sheath  breaks 
up  into  spherical  or  elongated  masses  separated  by  clear  intervals. 
The  axone  undergoes  first  chemical  changes,  and  then  appears  like 
a  wavy  cord,  or  as  a  series  of  comma-like  segments,  or  twisted  up 
into  a  coil.  Finally,  both  axone  and  medullary  sheath  disappear, 
while  Schwann's  sheath  collapses,  and  so  the  nerve  fibres  become 
lost  in  the  connective  tissue  of  the  endoneurium.  Along  with  these 
changes  there  is  a  cellular  infiltration  of  the  perineurium,  especially 
of  the  perivascular  spaces,  and  also  of  the  endoneurium.  These 
cells  are  said  to  be  like  a  similar  infiltration  met  with  in  traumatic 
lesions  of  nerves,  and  to  resemble  the  granule  cells  of  the  central 
nervous  system.  When  fully  degenerated,  the  nerve  may  consist 
simply  of  connective  tissue.  Regeneration  has  not  been  observed, 
but  must  occur — at  all  events,  to  some  extent — in  cases  which  recover. 
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The  muscles  show  atrophied  and  normal  fibres  side  by  side.  The 
diseased  fibre  first  loses  its  striation,  and  becomes  oval  or  round  in 
transverse  section.  A  colloid  degeneration  occurs,  with  proliferation 
of  the  nuclei  of  the  sarcolemma.  The  fibre  now  appears  of  a  homo- 
geneous grey  colour,  and  is  very  brittle.  As  it  atrophies  the  con- 
nective tissue  of  the  muscle  increases  in  amount.  The  bone-marrow 
is  said  to  be  normal. 


Fig.  330. — Beri-Beei:  Dropsical 
OR  Hypertrophic  Form. 


Fig.  331. — Beri-Beri  :  Dry  or 
Atrophic  Form. 


Symptomatology. — As  the  cause  of  the  disease  is  unknown,  and 
the  invasion  is  insidious,  the  incubation  period  is  also  unknown. 
Hamilton  Wright  places  it  at  some  ten  to  fifteen  days. 

The  disease  is  insidious  in  its  onset,  and  is  characterized  by  gastro- 
intestinal, cardiac,  and  nervous  symptoms.  For  purposes  of 
description  three  types  may  be  recognized — viz.,  (i)  the  acute 
pernicious  form ;  (2)  the  typical  form ;  (3)  the  rudimentary 
form. 

57 
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I.  Acute  Pernicious  Form. — ^The  acute  pernicious  form  may 
exhibit  itself  in  several  ways.  The  most  acute  is  when  the  person, 
without  previous  illness,  suddenly  dies,  and  the  autopsy  reveals 
that  he-has  died  of  beri-beri. 

The  more  usual  history  is  that  the  patient  feels  a  disinclination 
for  food,  followed  in  a  short  time  by  a  sensation  of  depression  or 
pain  in  the  epigastrium,  and  nausea.  Tenderness  is  evinced  if 
pressure  is  made  over  the  pylorus  or  duodenum,  while  the  throat  is 
seen  to  be  congested.  The  temperature  is  usually  normal,  though 
slight  febrile  rises  have  been  recqrded.  Soon  the  heart  symptoms, 
characteristic  of  the  attack,  appear  in  the  form  of  a  sensation  of 
oppression  over  the  heart,  throbbing  vessels  in  the  neck,  epigastric 
pulsation,  cardiac  palpitation,  and  dyspnoea,  while  the  slightest 
exertion  increases  the  pulse-rate  markedly.  The  right  side  of  the 
heart  dilates,  and  hsemic  murmurs  are  heard.  As  a  result  of  this 
cardiac  disturbance  the  urine  diminishes  and  dropsy  appears,  but 
this  varies  from  being  trivial  to  fairly  considerable,  with  effusion 
into  the  pericardium,  pleura,  and  peritoneum. 

There  may  early  be  found  patches  of  anaesthesia  or  hyperaesthesia, 
particularly  in  the  course  of  the  anterior  tibial  and  musculo- 
cutaneous nerves.  Paralysis  now  appears,  and  may  be  slight,  or 
may  be  so  extensive  as  to  prevent  all  voluntary  movements,  and 
at  the  same  time  the  anaesthesia  may  increase  considerably. 

Sooner  or  later  the  cardiac  symptoms  become  worse ;  the  peri- 
cardial distress  becomes  agony,  the  lungs  become  engorged,  and 
the  unhappy  individual,  unable  to  obtain  proper  aeration  of  his 
blood,  gasps  for  breath  with  open  mouth  and  expanded  nostrils, 
while  the  pupils  dilate.  His  face  becomes  cyanosed,  his  extremities 
cold,  and  he  becomes  unconscious,  and  shortly  dies  of  cardiac 
failure.  During  this  dying  agony  the  mind  is  clear  almost  to  the 
last.  The  duration  of  such  an  attack  is  from  twelve  hours  to  a 
few  days. 

2.  The  Typical  Form. — ^The  typical  form  of  the  disease  begins 
insidiously  with  malaise,  lassitude,  loss  of  appetite,  dull  pain  in  the 
stomach,  tenderness  on  pressure  over  the  pylorus  and  duodenum, 
headache,  difficulty  of  breathing  and  palpitation,  often  some 
oedema  along  the  shin,  exaggerated  knee-jerks,  and  a  sensation  of 
heaviness  in  the  limbs,  especially  in  the  legs.  Sooner  or  later  a 
difficulty  in  walking  sets  in,  and  the  knee-jerk  diminishes  and  dis- 
appears, or  the  patient  may  suddenly  find  himself  on  wakening  in 
the  morning  unable  to  raise  himself.  If  he  is  capable  of  walking, 
the  gait  is  peculiar,  somewhat  resembling  that  of  locomotor  ataxia, 
but  generally  being  more  of  the  '  high-stepping '  type,  the  foot 
being  raised  with  difficulty  from  the  ground,  brought  forward 
with  a  jerk,  and  lowered  abruptly.  He  walks  with  a  support,  and 
often  with  the  legs  wide  apart,  in  order  to  give  stability  to  his 
locomotion.  He  cannot  stand  long  with  closed  eyes,  and  complains 
that  he  feels  as  though  he  were  walking  on  something  soft.  In 
addition  he  suffers  from  cramp,  and  his  calves  are  very  tender,  and 
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sensations  of  pins  and  needles,  burning,  etc.,  may  be  felt.  It  will 
be  noticed  that  the  anterior  tibial  and  the  peroneal  muscles  are 
mostly  affected,  and  that  often  there  is  a  tendency  for  the  foot  to 
assume  the  equino-varus  position,  and  that  ankle-drop  is  often  seen. 

The  forearms  may  also  be  paralyzed,  and  wrist-drop,  with  great 
loss  of  power  in  the  grip,  may  be  noted.  As  the  paralysis  proceeds 
the  muscles .  waste,  and  electrical  excitation  is  much  altered. 
Miura's  rule  is  that  if  the  foot  can  be  flexed  on  the  ankle,  the  excita- 
tion is  only  diminished ;  if  only  the  toes  can  be  dorsally  flexed,  there 
is  a  partial  reaction  of  degeneration ;  but  if  no  dorsal  movement  is 
capable  of  being  made,  then  the  reaction  of  degeneration  will  be 
fully  developed.  The  paralysis  spreads  to  the  muscles  of  the  calf, 
the  muscles  of  the  thigh,  and  the  gluteal  region,  and  to  those  of  the 
hand  and  arm ;  then  to  the  abdomen,  the  diaphragm,  the  inter- 
costals,  and  the  larynx,  and,  in  rare  cases,  to  the  intra-  and  extra- 
ocular muscles. 

Associated  with  the  paralysis  there  is  at  first  hyperaesthesia, 
especially  in  the  calf  muscles ;  paraesthesia,  as  already  mentioned ; 
and  partial  anaesthesia,  which  may  be  characterized  by  saying  that 
the  patient  feels  as  though  he  were  touched  through  some  protecting 
cloth.  There  is  also  loss  of  sense  of  heat,  and  cold,  and  pain.  This 
anaesthesia  varies  much  in  site  and  extent.  Usually  it  begins  about 
the  feet  and  wrist,  and  moves  upwards  over  the  legs,  thighs,  fore- 
arms, and  arms,  and  down  into  the  fingers.  It  is  this  numbness  of 
the  fingers  which  incapacitates  the  patient  from  doing  many  simple 
actions.  There  is  said  to  be  a  peculiar  ring  of  anaesthesia  around 
the  mouth.  The  areas  of  loss  of  sensation  do  not  correspond  with 
segmental  or  nerve  areas,  but  are  remarkably  patchy.  The  nerves 
of  the  affected  regions  may  be  tender. 

The  heart  is  also  markedly  affected,  being  dilated,  especially  the 
right  side,  with  a  diffuse  apex-beat,  a  spacing  of  the  sounds,  so  that 
the  intervals  may  be  nearly  equal ;  while  systolic  murmurs  may  be 
heard,  and  reduplication  of  the  second  sound  is  common,  particu- 
larly over  the  pulmonary  area.  Palpitation  and  epigastric  pulsation 
are  common,  as  is  pulsation  of  the  carotids  and  veins  of  the  neck. 
The  pulse  is  usually  much  increased  in  frequency  and  low  in  tension. 
The  great  danger  of  the  disease  is  death  from  sudden  cardiac 
failure. 

The  blood  does  not  show  much  abnormality  beyond  a  certam 
amount  of  anaemia. 

The  urine  may  be  much  diminished  when  there  is  oedema,  but 
when  this  is  passing  off  there  is  a  large  increase  in  the  quantity. 
The  total  solids  are  said  to  be  below  normal,  urea  and  chlorides  being ' 
diminished,  phosphates  and  indican  being  increased,  and  albuminuria 
being  rare. 

Dropsy  may  or  may  not  be  present,  but  some  oedema,  most 
marked  anteriorly  in  the  legs,  is  a  practically  constant  symptom. 
It  usually  begins  along  the  shin  in  the  form  of  rather  a  solid  oedema. 
It  mav  spread  over  the  legs  into  the  scrotum,  on  to  the  abdominal 
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wall,  and  into  the  face  and  arms,  and  is  characterized  by  being  at 
times  in  peculiar  localized  patches,  and  if  it  takes  place  in  the 
muscles,  gives  rise  to  an  appearance  like  pseudo-hypertrophic 
paralysis.  Along  with  the  cutaneous  oedema  there  is  often  exuda- 
tion into  the  peritoneal,  pleural,  and  pericardial  cavities. 

When  the  dropsy  is  marked  there  may  be  a  great  diminution  of 
the  urine.  This  dropsical  condition  is  often  improperly  considered 
to  form  a  separate  variety  of  the  disease,  and  is  called  the  '  wet,' 
'  hypertrophic,'  or  '  dropsical '  form,  while  another  variety,  called 
'  dry  '  or  '  atrophic  '  beri-beri,  is  mentioned  by  many  authors,  the 
two  forms  being  merely  the  early  and  late  stages  of  the  disease. 

The  tongue  is  usually  clean ;  the  throat  may  be  slightly  con- 
gested ;  digestion  is  fair,  but  a  large  meal  will  increase  the  praecordial 
or  epigastric  distress.  Vomiting  is  a  bad  sign.  The  bowels  are 
often  constipated,  the  temperature  normal  or  subnormal.  The 
urine  may  be  diminished,  increased,  or  normal  in  quantity,  according 
as  to  the  presence,  the  passing  off,  or  the  absence  of  oedema. 

The  larynx  may  be  paralyzed  partially  or  completely,  and  the 
voice  rendered  raucous  or  lost.     The  lungs  may  be  oedematous. 

In  this  condition  the  patient  may  remain,  at  times  better,  at  times 
worse,  for  weeks  and  months,  and  may  proceed  slowly  to  recovery, 
with,  of  course,  deformities  if  paralysis  remains,  or  may  die  sud- 
denly of  cardiac  failure  when  sitting  up  or  getting  out  of  bed,  or 
from  some  complication. 

3.  Rudimentary  Form. — There  is  a  rudimentary,  abortive,  or 
ambulatory  form  in  which  the  symptoms  are  so  slight  that  perhaps 
the  sufferer  does  not  seek  medical  advice,  but  in  whom  there  may 
be  first  increase  and  then  diminution  of  the  knee-jerks,  patches  of 
anaesthesia,  some  muscular  weakness,  some  gastric  catarrh,  and 
general  malaise. 

Reinfection  and  Relapses. — An  attack  does  not  confer  an  immu- 
nity. On  the  contrary,  it  rather  predisposes  to  another  attack. 
It  is  probable  that  there  are  no  relapses,  but  reinfections,  even 
shortly  after  an  attack,  are  common. 

Complications. — Whenever  fever  develops  in  a  beri-beri  patient 
there  is  sure  to  be  a  complication.  The  most  common  are  tuber- 
culosis, dysentery,  and  malaria. 

Sequela. — Many  authors  do  not  believe  in  sequelae  to  beri-beri, 
but  certainly  there  may  be  the  contraction  left  after  the  paralysis 
and  anaemia,  and  attacks  of  palpitation  may  occur. 

Diagnosis. —  The  principal  positive  signs  on  which  to  base  the 
diagnosis  are :  (i)  Loss  of  knee-jerks ;  (2)  patches  of  anaesthesia, 
and  occasionally  hypersesthesia,  on  the  legs ;  (3)  pain  on  pressing 
the  calf  muscles  ;  (4)  oedema  along  the  shin  ;  (5)  absence  of  marked 
albuminuria  ;  and  (6)  the  absence  of  fever. 

Suspicious  early  signs  in  endemic  areas  are  loss  of  appetite  and  a 
desire  for  lighter  food,  together  with  tenderness  over  the  pylorus  and 
duodenum,  with  exaggerated  knee-jerks. 

Several  diseases  have  to  be  distinguished  from  beri-beri;    first 
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of  all,  the  different  kinds  of  peripheral  neuritis— e.g.,  alcoholic 
neuritis,  by  the  history  and  the  general  tremulousness  ;  arsenical 
neuritis,  by  the  abdominal  pains  and  the  diarrhoea  ;  lead  paralysis, 
by  the  colic  and  the  blue  line  on  the  gums. 

Secondly,  dropsies  due  to  heart  disease  are  recognized  by 
the  murmurs  and  the  history  of  rheumatic  fever,  or  other 
intectious  disease ;  kidney  disease,  by  an  examination  of  the  urine  ; 
agchylostomiasis,  by  the  ova  being  found  in  the  faces  ;  epidemic 
dropsy,  by  the  fever  and  the  absence  of  anesthesia  and  par- 
alysis ;  malarial  cachexia,  by  the  enlargement  of  the  spleen,  and 
perhaps  the  parasites  in  the  blood  ;  and  kala-azar,  by  the  enlarged 
spleen  and  liver. 

Thirdly,  certain  diseases  of  the  spinal  cord  :  myelitis,  by  the  loss 
of  control  over  the  bladder  and  rectum ;  locomotor  ataxy,  by  the 
Argyll-Robertson  pupil,  etc. ;  pellagra,  by  the  skin  eruptions. 

Fourthly,  certain  intoxications,  such  as  ergotism  by  the  gan- 
grene and  the  history,  and  lathyrism  by  the  absence  of  tender 
muscles. 

•  Prognosis. — The  acute  pernicious  form  is  always  fatal,  the  rudi- 
mentary never.  The  general  mortality  varies  in  different  countries, 
as  follows  : 


Sumatra 

Per  Cent. 

60  to  70 

Hong  Kong 

48-6 

Malaya 

19-7 

Java 

2  to  6 

Japan 

..    2-5  to  3-5 

But  it  apparently  depends  upon  many  things,  of  which  the  most 
important  is  the  avoidance  of  sudden  Cardiac  failure.  If  the  patient 
is  treated  carefully  in  bed  the  danger  is  much  diminished,  but  if  he 
is  allowed  to  sit  up  and  move  about  the  danger  is  great.  Complica- 
tions are  most  unfavourable. 

Treatment. — The  treatment  is  essentially  symptomatic,  the 
patient  being  placed  in  bed,  and  care  being  taken  to  avoid  anything 
which  is  likely  to  bring  on  cardiac  failure.  Especial  care  is  re- 
quired if  the  patient  gets  up  or  moves  about.  A  cardiac  tonic,  in 
the  form  of  strophanthus  or  digitalis,  is  advisable,  and  amyl  nitrite, 
nitroglycerine,  or  trinitrin  should  be  placed  at  hand,  in  order  that 
they  may  be  used  at  once  if  a  sudden  cardiac  attack  takes  place. 
If  the  attack  is  severe,  with  great  embarrassment  of  the  right  heart, 
it  has  been  advised  to  perform  venesection,  and  remove  some 
8  ounces  of  blood.  Oxygen  is  useful  (Juring  the  attacks  of 
dyspnoea. 

For  the  paralysis  strychnine  should  be  administered,  and  the 
muscles  massaged  to  prevent  atrophy  and  cramps.  Electrical 
excitation  is  also  good. 

If  possible,  the  patient  should  at  once  be  removed  from  the  place 
in  which  he  is  supposed  to  have  acquired  the  disease. 

With  regard  to  after-treatment,  any  deformity,  such  as  club- 
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foot,  must  be  rectified,  as  described  in  works  on  orthopaedic 
surgery.  The  patient  must  be  placed  upon  a  good  nourish- 
ing diet,  with  plenty  of  proteid  and  good  vegetables,  and  rice 
should  be  eliminated  from  this  diet.  Careful  nursing  is  necessary 
because  of  the  danger  of  cardiac  failure,  and  good  hygiene  is  also 
necessary. 

Prophylaxis.— As  the  causation  is  unknown,  not  much  can  be 
said  with  profit  with  regard  to  prophylaxis,  but  a  good  nourishing 
diet  is  most  important.  Good  hygienic  surroundings--^'.^.,  good 
ventUation,  the  avoidance  of  overcrowding,  plenty  of  sunshine,  and 
exercise  in  the  open  air — may  be  mentioned. 

It  is  as  well  to  thoroughly  disinfect  with  Clayton  gas  or  sulphur 
and  formalin  any  room  in  which  beri-beric  patients  have  been 
living,  or  any  infected  house  or  ship. 

Rice  should  also  be  avoided  as  an  article  of  diet. 

EPIDEMIC  DROPSY. 

Synonym.- — Acute  Anaemic  Dropsy. 

Definition. — Epidemic  dropsy  is  an  acute  infectious  disease  of 
unknown  cause,  characterized  by  fever,  dropsy,  an  erythematous 
eruption,  and  sometimes  cardiac. symptoms,  but  without  paralysis 
or  anaesthesia. 

History. — In  1876-77  there  was  a  great  famine  in  Southern 
India,  during  which  a  dropsical  disease,  at  the  time  called  '  beri- 
beri,' was  noted.  It  is  possible  that  this  dropsical  disease  was  con- 
veyed in  some  way  from  Madras  to  Calcutta,  for  in  1877  there  was 
an  outbreak  of  epidemic  dropsy  for  the  first  recorded  time  in  that 
city.  It  appeared  when  the  rains  were  over,  and  extended  through 
the  cold  season  into  1878,  disappearing  when  the  warm  weather 
commenced  in  April.  It  recurred  again,  and  followed  the  same 
course  in  the  cold  season  of  1878  and  1879,  ^'"^^  it  disappeared  in  the 
warm  weather  of  1880,  reappearing  this  time  in  the  warm  weather 
of  188 1.  It  only  attacked  natives  of  India,  but  it  spread 
from  Calcutta  to  Shillong,  Dacca,  and  South  Sylhet,  and  to 
Mauritius,  by  means  of  labourers  passing  through  that  town. 
Mauritius  became  infected  in  1878,  and  was  clear  of  the  disease  in 
1879. 

No  further  accounts  of  the  complaint  appeared  until  1901,  when 
it  was  again  recognized  in  Calcutta  and  Madras.  In  1902  it  occurred 
in  the  Barisal  Gaol  in  Bengal,  and  in  1907  it  occurred  in  Assam  and 
the  two  Bengals.  It  is  probable  that  during  the  intervening  years 
it  has  really  been  present  in  some  part  of  India,  but  has  been  called 
'  beri-beri.' 

Climatology. — So  far  the  disease  has  only  been  met  with  in  India 
and  Mauritius,  and  generally  in  the  cold  season. 

etiology. — ^The  causation  of  the  disease  is  unknown,  but  there 
are  various  theories — e.g.,  (i)  that  it  is  beri-beri ;  (2)  that  it  is  a 
post-dysenteric  anaemia  or  hydraemia  ;  (3)  that  it  is  due  to  nitrogen 
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Starvation  ;  (4)  that  it  is  due  to  eating  Burma  rice,  the  action  of 
which  IS  explained  in  various  ways ;  (5)  that  it  is  dal  poisoning ; 
(6)  that  it  is  a  special  bacterial  disease  conveyed  from  person  to 
person  by  the  bed-bug. 

This  latter  is  Delany's  theory,  and  is  supported  by  the  fact  that 
the  disease  is  epidemic,  and  spreads  apparently  by  the  agency  qf 
human  beings,  but  not  from  man  to  man ;  that  it  begins  with  an 
initial  fever,  and  has  a  rash,  and  that  there  is  a  local  house  infection  ; 
and,  finally,  by  its  sudden  disappearance  and  reappearance.  Other 
theories  are  that  it  is  a  ptomaine  poisoning,  or  a  bacillus  in  fish,  or 
a  rust  or  fungus  on  rice. 

Pathology.— No  remarks  can  be  made  on  this  part  of  the' 
subject. 

Morbid  Anatomy. — ^There  is  subcutaneous  oedema  and  fluid  in 
the  peritoneal  and  pleural  cavities.  The  mouth  and  pharynx  are 
cedematous,  and  the  oesophagus  may  be  ulcerated.  The  stomach 
is  very  congested,  and  may  show  haemorrhagic  patches,  and  the" 
jejunum  is  congested,  as  are  the  mesenteric  glands  and  the  liver. 
The  pancreas  is  normal.  The  aryepiglottidean  folds  and  the  lungs 
are  cedematous  and  congested.  The  kidney  is  congested,  and  may 
show  cloudy  swelling,  but  the  bladder  is  normal.  The  spleen  is 
shrunken ;  the  pericardium  may  be  normal,  but  the  heart  is 
dilated. 

Symptomatology.— Generally  there  are  no  distinct  prodromata  ; 
occasionally  the  onset  of  the  disease  is  preceded  by  diarrhoea. 

Epidemic  dropsy  begins  with  an  attack  of  fever  without  any 
initial  rigor,  the  temperature  rising  to  99°  to  104°  F.,  and  continuing 
with  remissions  and,  later,  intermissions  for  a  variable  period  of  time, 
sometimes  as  long  as  a  month.  Associated  with  the  fever,  and, 
indeed,  the  most  constant  and  characteristic  symptom,  is  the 
dropsy,  which,  beginning  in  the  feet  and  legs,  may  spread  up 
the  thighs  on  to  the  abdomen,  and  even  on  the  hands,  arms,  and 
face. 

There  is  distinct  anaemia  after  the  disease  has  lasted  a  little  time. 
Rogers  records  a  count  of  3,090,000  erythrocytes  per  centimetre,  and 
a  hemoglobin  count  of  54  to  65  per  cent.  The  colour  index  is  said  by 
other  observers  to  be  about  normal,  and  the  proportion  of  white 
to  red  cells  to  vary  from  i  to  430  at  the  invasion,  to  i  to  384  in  the 
course,  to  i  to  615  at  the  end.  Leucocytes  are  apparently  always 
increased  in  number,  but  only  slightly.     The  differential  count  is : 

Per  Cent. 

Polymorphonuclears  . .  . .  . .  60-2 

Lymphocytes  ..  ..  .  .  2i'4 

Mononuclears  . .  . .  . .  1 1  -7 

Eosinophiles    . .  . .  . .  ■  •  6-7 

No  animal  or  vegetal  parasites  have  been  discovered  in  blood 
which  is  sterile. 

The  condition  of  the  urine  is  described  as  very  variable,  but  there 
is  no  albumin  and  no  casts. 
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Effusions  into  the  peritoneal  and  pleural  cavities  may  take  place. 
The  alimentary  canal  is  early  irritated,  and  vomiting  and  diarrhcea 
are  ccDmmon  occurrences.  A  rash  appears  early  on  the  extremities 
in  the  dropsical  areas  ;  it  is  usually  erythematous,  but  vesicles  a,nd 
haemorrhages  may  be  seen.  Anaemia,  as  remarked,  is  progressive 
during  the  disease,  and  there  may  be  cardiac  dilatation  with  haemic 
murmurs.  In  severe  cases  there  may  be  cough  and  dyspnoea,  due 
to  oedema  into  the  lungs.  Recovery  is  the  rule,  but  death  may 
occur  from  cardiac  or  pulmonary  complications. 

Sequelae.— The  only  sequela  so  far  observed  is  cardiac  weakness. 

Diagnosis.— Epidemic  dropsy  shows  the  following  characteristic 
signs  :  dropsy,  fever,  diarrhcea,  rash,  anaemia,  and  no  albuminuria. 

Its  diagnosis  from  beri-beri  is  based  upon  the  presence  of  fever, 
the  persistence  of  the  knee-jerk,  the  lack  of  paralysis,  of  painful 
muscles,  and  of  anaesthesia. 

Prognosis. — ^The  prognosis  is  favourable  except  in  the  aged,  the 
case  mortality  being  only  2  to  8  per  cent. 

Treatment. — Rest  in  bed  and  the  administration  of  calcium 
chloride,  or  iron  and  strophanthus,  are  the  only  remedies  usually 
required.  High  temperatures  should  be  treated  by  diaphoretics, 
quinine,  and  sponging. 

Prophylaxis. — Segregation  and  disinfection  are  recommended, 
but  no  rational  prophylaxis  can  be  advised  as  long  as  the  cause 
remains  unknown. 
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CHAPTER  XL 

PELLAGRA,  HISTOPLASMOSIS,  AND 
ONYALAI 

Pellagra — Histoplasmosis — Onyalai — References. 

PELLAGRA. 

Synonyms. — Malattia  della  Miseria,  Mai  del  Sole,  Malattia  della 
Insolazione  di  Primavera,  Risipola  Lombarda,  Mai  de  la  Rosa, 
Mai  Roxo,  Mai  d'Asturias,  Maidismus,  Psychoneurosis  Maidica, 
Raphania  Maisitica,  Lepra  Italica,  Scorbutus  Alpinus,  Qushuf, 
Gofar,  Lahooh. 

Definition. — Pellagra  is  a  chronic  disease  of  unknown  causation, 
characterized  by  gastro-intestinal,  cutaneous,  and  nervous 
symptoms,  sometimes  ending  in  insanity. 

History. — Mai  de  la  rosa  was  first  fully  described  by  Casel  in  the 
Oviedo  district  of  Asturias  in  1735,  though  a  description  of  the 
malady,  not  so  complete,  had  already  been  given  in  Ramazzini's 
'  Diseases  of  the  Working  Class,'  published  in  Italy  in  1700.  Thiery, 
in  1755,  wrote  an  account  of  the  complaint,  but  he  was  acquainted 
with  Casel's  treatise,  which  was  being  prepared,  though  it  was  not 
published  till  1762.  About  1750  peUagra  appears  to  have  become 
well  known  in  Italy,  and  in  1818  the  first  cases  in  France  were  seen  by 
Hameau  around  Teste-de-Buche,  in  the  Plain  of  Arcachon.  In  1833 
it  was  recognized  in  Roumania,  in  1839  i^  Corfu,  in  1893  in  Egypt 
by  Sandwith,  though  he  states  that  Pruner  had  noted  it  in  1847. 

Climatology. — Pellagra  occurs  in  Europe,  especially  in  Spain, 
Italy  and  Southern  France,  Roumania,  Portugal,  Austria  and 
Turkey.  In  Africa  it  is  known  in  Egypt,  Algeria,  Tunisia,  and 
South  Africa.  In  Asia  it  has  been  reported  from  Asia  Minor  and 
India.  In  America  it  occurs,  and  is  spreading,  in  South  Carolina 
and  other  Southern  States,  in  Mexico,  Brazil,  Argentina,  and  the 
West  Indies. 

etiology. — ^The  causation  of  pellagra  is  unknown,  and  therefore 
there  are  numerous  theories,  which  include  insolation,  poverty, 
insanitary  dwellings,  syphilis,  irritant  oils,  bad  water,  alcohol, 
garlic,  onion,  maize,  leprosy,  fungi,  bacteria,  and  protozoa. 
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r.2!''\T^'??^  °^,*'?^^^.  ^^^°"^'  ^^"^  be  dispensed  with  without 
remark,  but  two  call  for  further  consideration—viz.  : 

I.  The  Maize  Theory. 
II.  The  Protozoan  Theory 

mii-diImns*'*/hptTi'r'^-~^''^-'^^''='  theory  alleges  that  the  disease  is  a 
maize  ^^'  ^    ^^^^®   "  ^°™^  "^^^  "^^^^^  "^^  *^«  ingestion  of 

nf^^■^!.^"J'P?''*^''^x?^  this  theory  point  out  that  the  plant,  which  is  a  native 
?iri«fnT..  r  ^  Hemisphere,  is  said  to  have  been  brought  to  Spain  by 
Christopher  Columbus,  but  was  not  grown  at  all  extensively  till  the  iirst 
quarter  of  the  sixteenth  century,  and  they  further  point  out  that  it  was  in 
bpam  that  the  disease  was  first  discovered. 

From  Spain  maize  appears  to  have  been  introduced  into  Turkey,  and  from 
thence  _to  Italy  m  the  middle  of  the  sixteenth  century,  where  it  is  still  known 
as  the  grano  Turcc'  From  the  middle  of  the  seventeenth  century  there  was 
a  general  cultivation  of  maize  in  Italy,  where  the  disease  was  recognized  early 
in  the  eighteenth  century  in  the  vicinity  of  Sesto  Calende,  on  Lago  Maggiore 
tarly  in  the  eighteenth  century  maize  was  introduced  into  Roumania  by 
Niclaus  Maurocordato,  and  the  disease  was  first  recognized  in  1833.  About 
the  beginmng  of  the  nineteenth  century  maize  appeared  in  France  as  a  culti- 
vated product,  and  the  first  cases  were  recognized  in  18 18  by  Hameau  around 
Teste-de-Buche,  in  the  Plain  of  Arcachon. 

In  Corfu  the  disease  was  first  recognized  in  1839.  Sandwith  remarks  that 
as  long  as  the  peasants  of  Corfu  grew  their  own  maize  they  did  not  suffer,  but 
when  they  took  to  vine-growing  they  ate  maize  imported  from  Roumania, 
which  had  been  damaged  by  water  during  transit  via  the  Danube  and  Black 
Sea,  whereupon  pellagra  appeared. 

Such  is  the  history  of  pellagra  and  maize  side  by  side.  From  this  history 
one  would  infer  that  pellagra  is  a  recent  disease,  and  that  it  is  associated  with 
maize.  On  the  other  hand,  Sambon  says  that  Oviedo  was  the  least  affected 
region  in  Spain  in  1900,  though  the  people  cultivate,  store,  prepare,  and  eat 
the  maize  just  as  they  did  years  ago,  while  Madrid  was  the  most  affected. 

Recently  in  Italy,  Grosseto  in  Tuscany,  Campobasse,  Teramo,  Aquila  in 
Abruzzi,  and  Molise,  in  all  of  which  maize  does  not  represent  a  principal  article 
of  food,  have  been  affected.  In  fact,  Sambon  points  out  that,  once  established 
in  a  region,  pellagra  is  very  permanent,  and  that  it  tends  slowly  to  spread,  and 
that  this  is  independent  of  maize  cultivation. 

The  various  theories  as  to  the  way  in  which  the  disease  is  caused  by  maize 
are — (i)  that  it  is  caused  by  normal  maize  ;  (2)  that  it  is  caused  by  damaged 
maize. 

I.  Normal  Maize. — The  theories  under  this  heading  are  that  the  causation 
is  due  to — (a)  the  low  nutritive  value  of  maize  ;  (b)  a  toxin  or  poison  inherently 
present  in  maize  ;  (c)  normal  maize  producing  an  auto-intoxication  in  the 
human  body. 

The  first  theory  is  based  upon  the  idea  that  an  exclusive,  or  at  least  a  pre- 
ponderant, diet  of  maize,  by  reason  of  its  small  nutritive  value,  and  more 
particularly  of  the  small  amount  of  nitrogen  it  contains,  causes  the  disease. 
This  theory  is  untenable,  because  chronic  inanition  is  quite  a  different  patho- 
logical entity  from  pellagra,  and  many  people  live  on  rice  and  potato,  which 
have  lower  nitrogen  ratios  than  maize.  The  second  theory  states  that  not 
merely  is  there  a  poison  in  maize,  but  also  that  there  is  an  individual  sus- 
ceptibility in  men.  The  third  theory  asserts  that  poisons  are  generated  in  the 
bowel  from  the  grain  (Neusser)  by  the  aid  of  the  Bacillus  coli  communis 
(De  Giaxa) .  This  latter  theory  of  De  Giaxa  is  supported  by  experiments,  for 
he  produced  the  symptoms  in  animals  inoculated  by  the  toxin  produced  by 
growing  the  B.  coli  communis  in  maize  media. 

2.  Damaged  Maize. — At  the  present  time  the  popular  belief  is  that  the 
disease  is  caused  by  maize  damaged  by  being  cultivated  and  harvested  under 
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unfavourable  circumstances,  and  stored  in  such  a  damp  condition  that  it 
becomes  mouldy.  This  has  been  supported  by  Hirsch,  who  points  out  that  a 
bad  maize  harvest  is  followed  by  an  increase  in  the  cases  of  the  disease.  The 
theories  as  to  the  substance  in  the  damaged  maize  which  causes  the  disease  are 
manifold,  and  may  be  classed  into  {a)  Fungi,  (6)  Bacteria,  (c)  Chemical 
substances. 

(a)  Fungi. — Monti  and  Tirelli  showed  that  fungi  were  commonly  found  in 
maize,  those  most  usually  met  with  being  Penicillium  glaucum,  Rhyzopus 
nigricans,  Mucor  racemosus,  and  species  of  Aspergillus  and  Saccharomyces. 
The  special  fungus,  Sporisorium  maidis,  described  by  Ballardini  in  1845  as 
the  cause  of  the  disease,  is  probably  only  P.  glaucum  or  M.  racemosus,  the 
former  being  held  by  some  writers  to  be  the  causative  agent,  but  its  effects  on 
men  and  animals  are  quite  different  from  pellagra.  Aspergillus  fumigatus 
and  A .  flavescens  (or  A .  varians)  have  been  obtained  by  Ceni  in  pure  cultures 
from  the  lungs,  pleura,  and  pericardium  of  pellagra  cadavers,  but  the  symptoms 
of  the  disease  are  quite  different  from  aspergillosis.  Later,  Ceni  and  Fossati 
have  stated  that  the  real  cause  of  the  disease  is  the  toxin  from  the  fungi. 

(6)  Bacteria. — Monti  and  Tirelli  showed  that  many  bacilU  grow  in  maize — 
e.g..  Bacillus  solanacearium,  and  another  hkeB.  subtilis — -and  it  has  been  shown, 
by  Paltauf  that  the  so-called  B.  maidis  of  Majocchi  and  Cuboni  is  only  the 
common  potato  bacillus.  Another  bacillus,  called  B.  pellagrce,  is  stated  by 
Carrarioli  to  produce  toxins,  which,  when  injected  into  animals,  produce  the 
typical  symptoms  of  the  disease. 

Tizzoni  has  described  a  bacillus  found  in  the  cerebro-spinal  fluid  of  pellagra 
patients. 

(c)  Chemical  Substances. — Numerous  observers  have  reported  poisons  in 
fermenting  maize.  Thus,  Lombroso  in  1871  obtained  two  alkaloids,  one  like 
conium  and  the  other  like  strychnine,  but  the  symptoms  produced  by  these 
on  men  and  animals  were  not  like  those  of  pellagra.  Others  have  reported 
tetanic  or  narcotic  poisons,  etc. ;  but,  on  the  other  hand,  Monselice  failed  to 
obtain  any  such  poisons  in  damaged  grain  from  pellagrous  districts. 

The  maize  theory  is  therefore  by  no  means  proved,  and,  in  fact,  is  at  present 
very  doubtful. 

II.  The  Protozoan  Theory.— Recently  Sambon  has  suggested  that  the 
disease  may  be  due  to  a  parasitic  protozoon.  He  bases  his  theory  on  the  facts 
that,  once  introduced  into  a  country,  the  disease  tends  to  spread  ;  that  the 
morbid  anatomy  resembles  to  some  extent  that  of  trypanosomiasis ;  and  that 
there  is  a  mononuclear  leucocytosis.  We  may  add  that  the  beneficial  effect 
of  arsenic  and  atoxyl  is  also  in  favour  of  this  theory. 

With  regard  to  predisposing  causes,  it  is  noted  that  it  is  generally 
the  labourer  in  the  field  who  is  attacked,  while  the  resident  of  the 
town  escapes.  It  is  said  to  be  more  prevalent  among  men  than 
women,  and  to  occur  generally  between  the  ages  of  twenty  and  fifty 
years.  The  seasonal  incidence  is  most  marked,  first  attacks  and 
recurrences  taking  place  in  the  spring. 

Pathology. — As  the  causation  is  unknown,  the  pathology  is  purely 
speculative,  but  it  appears  as  though  some  agent,  chemical  or  living, 
were  attacking  the  cerebro-spinal  nervous  system,  and  also  rendering 
the  skin  more  liable  to  irritation  by  the  sun's  rays ;  for  the  essential 
pathological  features  in  the  nervous  system,  according  to  Mott,  are 
the  perivascular  infiltration  and  the  leptomeningitis,  reminding  the 
reader  of  trypanosomiasis ;  and  this,  together  with  the  mononuclear 
leucocytosis,  makes  the  theory  of  Sambon — that  the  disease  will 
eventually  prove  a  protozoal  infection — worthy  of  the  most  serious 
consideration. 

With  regard  to  the  skin  eruption,  attention  may  with  advantage 
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be  drawn  to  Wedding's  experiments  on  light  and  parti-coloured 
beasts,  which,  when  fed  on  buckwheat  in  the  dark,  remained 
healthy,  but  when  exposed  to  the  sunlight,  broke  out  in  blisters  on 
the  light-coloured  portions,  thus  showing  that  a  chemical  substance 
taken  internally  may  evoke  an  inflammation  in  parts  exposed  to 
the  sun.  The  blood  shows  a  diminution  in  erythrocytes  and 
haemoglobin,  and  an  increase  in  mononuclear  leucocytes.  The 
urine  may  be  normal,  or  may,  towards  the  end,  be  alkahne  ;  the 
specific  gravity  may  be  as  low  as  1005,  and  albumin  is  rarely 
present.     The  Wasserman  reaction  is  said  to  be  positive. 

Morbid  Anatomy. — ^The  body  is  greatly  emaciated  and  markedly 
anaemic  ;  the  skin  is  rough  and  atrophied,  and  the  subcutaneous  fat 
is  diminished.  Microscopically  the  skin  shows  stenosis  of  the  blood- 
vessels of  the  papillae  and  corium,  and  atrophy  of  the  horny  layer. 
The  muscles,  heart,  liver,  spleen,  and  kidneys  are  all  atrophied, 
while  the  lungs  at  times  show  tuberculosis. 

The  stomach  is  usually  normal,  but  the  intestines  are  atrophied, 
especially  as  regards  the  musciilar  coat,  which  is  hyperaemic.  The 
rectum  also  may  be  ulcerated.  The  nervous  system  shows  a  chronic 
diffuse  leptomeningitis,  with  marked  thickening  in  places.  There 
is  perivascular,  round-celled  infiltration,  with  pigmentation  and 
degeneration  of  the  nerve  elements.  In  the  brain  the  convolutions, 
especially  the  frontal,  are  atrophied,  and  the  ventricles  contain  an 
excess  of  fluid.  Rarely  a  calcareous  deposit  is  found  in  the  blood- 
vessels. In  the  spinal  cord  there  is  often  sclerosis  of  the  postero- 
lateral and  postero-median  columns,  and  in  the  dorsal  region  lateral 
sclerosis.     The  posterior  roots  are  sometimes  involved. 

Symptomatology. — ^The  incubation  period  is  quite  unknown,  and 
the  onset  is  insidious,  being  marked  by  prodromata  in  the  form  of 
gastric  disturbance,  as  evinced  by  a  failing  appetite,  a  coated  tongue, 
and  dyspepsia,  together  with  signs  of  a  general  infection  or  intoxica- 
tion, which  is  characterized  by  anaemia,  pains  in  different  parts  of 
the  body,  and  a  peculiar  morose,  irritable,  mental  condition. 

The  disease  begins  with  gastro-intestinal  disturbance,  the  coated 
tongue  of  the  prodromal  stage  being  changed  by  a  stripping  off  of 
the  epithelium  into  an  abnormally  clean  tongue.  A  similar  con- 
dition of  rawness  may  extend  to  the  palate  and  oesophagus. 
Associated  with  this  there  may  be  a  bleeding  and  spongy  con- 
dition of  the  gums,  which  gives  rise  to  the  synonym  '  Alpine  scurvy,' 
which  only  appears,  however,  if  there  is  a  lack  of  fresh  vegetables. 
The  teeth  are  not  affected  in  ordinary  cases  of  pellagra,  but  the 
salivary  glands  may  undergo  a  painless  enlargement,  especially 
the  parotid,  and  more  rarely  the  submaxillary  and,  sublingual 
glands.  This  enlargement  is  bilateral,  and  never  ends  in  suppura- 
tion. As  a  result  of  these  conditions  the  mouth  is  sore,  and  is 
often  dry,  but  notwithstanding  all  this  the  patient  has  an  ab- 
normally good  appetite.  There  are  the  usual  signs  of  chronic 
gastritis  with  fermenta^tion— viz.,  flatulency,  pain,  tenderness,  and 
thirst but  as  a  rule  no  vomiting.     Diarrhoea  is  the  most  common 
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symptom  of  the  irritated  condition  of  the  bowels,  and  blood- 
stained motions  may  be  passed,  but  constipation  may  be  present 
in  the  earlier  stages.  There  is  usually  some  pain  and  tenderness 
in  the  lower  part  of  the  abdomen. 

Associated  with  the  digestive  disorders  there  is  a  cutaneous 
erythema,  produced  by  the  sun's  rays  at  the  time  at  which  most 
actinic  (ultra-violet)  rays  are  present— viz.,  in  the  spring,  in  Italy 
and  Egypt.  This  eruption  is  limited  to  the  regions  exposed,  being 
at  first  delineated  in  a  most  exact  manner  by  the  clothing.  It 
appears  on  the  dorsum  of  the  forearms,  and  on  the  hands  and  feet, 
only  reaching  the  flexor  aspect  after  several  attacks.  The  most 
common  sites  are  the  hands  and  forearms,  elbows,  feet,  legs  and 
knees,  the  upper  part  of  the  chest,  the  shoulders,  neck,  and  face. 
Sandwith  points  out  that  in  Egyptian  peasants  the  unguinal  phalanx 
of  the  hand  is  seldom  affected,  due  to  the  fact  that  when  the  hoe  is 
grasped  it  is  protected  against  the  sun's  rays.  The  nails  and  hair 
are  not  affected. 

The  skin  eruption  may  show  the  following  conditions :  (i)  con- 
gestion; (2)  inflammation;  (3)  thickening  and  pigmentation; 
(4)  atrophic  thinning. 

The  affected  part  turns  a  bright,  dark,  or  livid  red  colour,  which 
at  first  disappears  on  pressure.  Associated  with  this  erythema 
there  is  a  burning  sensation,  but  usually  no  pain.  In  course  of 
time  the  part  becomes  swollen  and  tense,  and  bullae  may  form. 
After  lasting  a  variable  period  of  days  or  weeks,  the  eruption 
gradually  subsides,  leaving  the  skin  rough,  pigmented,  and  thick- 
ened, and  thus  earning  the  names  of '  pell'agra  '  and  '  qushuf.' 

This  erythema  disappears  in  the  winter,  but  reappears  the  next 
spring  with  increased  virulence,  and  in  due  course  develops  into  a 
dermatitis,  which  produces  an  exfoliation  of  the  epidermis  in  grey 
or  brown  flakes.  Every  attack  leaves  the  affected  area  a  little  more 
pigmented,  a  little  more  thickened,  and  a  little  less  elastic. 

After  lasting  about  four  or  five  years  the  skin  begins  to  atrophy, 
and  becomes  wrinkled  and  inelastic.  This  atrophy  is  most  marked 
at  the  sides  of  the  neck,  on  the  back,  hands,  and  feet.  Pain  is  often 
complained  of  in  the  back,  and,  according  to  Sandwith,  tenderness 
is  found  on  pressure  over  the  spinal  nerves  on  either  side  of  the 
dorsal  or  lumbar  portions  of  the  vertebral  column.  Muscular 
weakness  is  noted,  especially  in  the  legs.  The  knee-jerk  is  at  first 
exaggerated,  but  later  is  diminished,  and  finally  lost.  Ankle-clonus 
and  wrist-clonus  are  rare,  and  only  occur  when  the  knee-jerk  is 
exaggerated,  when  there  is  tenderness  on  both  sides  of  the  dorsal 
and  lumbar  cord,  and  when  abdominal  and  epigastric  reflexes  are 
also  increased. 

There  is  no  special  gait,  but  there  is  a  tendency  to  fall  backwards 
or  forwards,  and  hence,  though  the  patient  walks  with  the  legs  well 
apart,  he  can  only  take  a  few  steps  without  falling  down.  There 
may  be  tremors  in  the  legs  and  tongue.  The  bladder  and  rectum 
are  not  affected  until  the  end,  and  contraction  of  the  limbs  does  not 


HISTOPLASMOSIS  911 

take  place  till  bedridden.  Trophic  lesions,  such  as  bedsores,  are 
of  rare  occurrence.  Hyperesthesia  may  occur  in  different  parts  of 
the  body,  and  pains  (even  of  a  lightning  nature)  may  exist  in  the 
head  and  back,  and  be  associated  with  cramps. 

The  facies  of  the  pellagra  patient  is  one  of  anxiety  and  mental 
worry.  He  cannot  sleep,  and  there  is  often  great  mental  depression 
and  discontent,  but  some  are  excitable  and  irritable,  while  others 
are  stupid  and  morose.  For  a  year  or  two  the  mental  condition 
remains  normal,  but  gradua:lly  the  patient  becomes  sad  and  stupid, 
melancholic  and  sleepless.  He  loses  his  memory,  and  has  vague 
feelings  of  pressure,  weight,  or  pulsation  about  his  head.  From 
this  he  proceeds  to  refusal  of  food  and  suicidal  tendencies,  with 
delusions  of  sorcery  and  persecution,  and  has  a  tendency  to  suicide 
by  drowning.  Melancholia  may  now  become  confirmed,  and  may 
eventually  pass  into  dementia. 

Various  paralyses  develop,  such  as  spastic  paralysis,  ptosis, 
hemianopsia,  diplopia,  amblyopia,  and  mydriasis.  The  extremities 
and  bladder  now  become  paralyzed,  and  the  demented,  paralyzed, 
rapidly  emaciating  patient,  suffering  from  bad  sweats,  profuse 
diarrhcea,  and  sometimes  dropsy,  obtains  a  relief  from  his  sufferings 
in  death,  the  disease  having  usually  lasted  from  ten  to  fifteen  years. 
Rarely  the  course  is  rapid,  instead  of  being  chronic. 

Complications. — The  disease  is  often  complicated  by  the  presence 
of  agchylostomiasis,  and  in  Africa  bilharziosis  and  other  diseases. 

Diagnosis. — There  is  no  difficulty  in  diagnosis  if  the  skin  eruption 
and  later  the  nervous  sjnnptoms  are  well  marked.  Sprue,  it  is 
true,  causes  the  sore  mouth,  but  its  peculiar  whitish  diarrhcea  and 
the  absence  of  the  skin  eruption  and  the  nervous  phenomena  ought  to 
prevent  mistakes.  It  is  hardly  possible  that  leprosy  should  lead  to 
difficulty,  because  the  pellagra  eruption  does  not  present  anaesthesia. 
Alcohohc  pseudo-pellagra  can  be  diagnosed  by  the  history. 

Prognosis. — Usually  this  is  bad,  but  in  slight  cases  it  is  more 
favourable  if  suitable  treatment,  good  food,  and  hygienic  surround- 
ings are  provided. 

Treatment.— The  "best  treatment  is  arsenic  in  some  form,  especially 
atoxyl  (8  grains  once  a  week),  though  the  result  is  only  partially 
successful ;  otherwise  it  is  possible  only  to  relieve  symptoms. 

The  diet  should  be  good  and  nourishing,  butmaize  should  be  avoided. 

Prophylaxis.— It  is  obvious  that  the  consumption  of  diseased  or 
damaged  maize  must  be  injurious,  and  the  Italian  laws  preventing 
the  supply  of  damaged  maize  are  commendable.  As,  however,  there 
is  so  little  definitely  known  with  regard  to  the  aetiology,  it  is  impos- 
sible to  give  any  definite  rules  for  prophylaxis. 

HISTOPLASMOSIS. 

Dennition.— Histoplasmosis  is  an  acute  specific  infection  caused 
hy  Histoplasma  capsulatum  DsiTling.  .,    ,  ,      ^^    ,. 

History.— This  disease  has  recently  been  described  by  Darlmg, 
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but  being  first  discovered  post-mortem,  the  clinical  signs  are  rather 
deficient.  The  first  case  was  in  a  negro  who,  three  months 
previously,  had  come  from  Martinique  to  the  Canal  zone  of 
Panama. 

yEtioIogy. — ^The  disease  is  caused  by  the  parasite  Histoplasma 
capsulatum  Darling,  already  described  in  the  chapters  on  Protozoa. 

Pathology. — ^The  parasite  infects  epithelial  and  endothelial  cells 
of  the  lungs,  liver,  and  spleen.  It  also  exists  free  in  these  organs. 
In  the  lungs  it  gives  rise  to  pseudo-tubercles  resembling  miliary 
tubercles. 

Morbid  Anatomy, — In  the  first  case  there  were  ecchymoses  and 
small  nodules  beneath  the  visceral  pleura  of  both  lungs,  which  were 
studded  throughout  with  pale  grey  hyaline  and  miliary  tubercles, 
2  to  3  millimetres  in  diameter,  while  the  remainder  of  the  organs  was 
of  a  bright  red  colour.  The  peribronchial  glands  were  fuU  of  soft 
caseated  tubercles.  The  heart  was  small,  but  normal.  The  liver 
was  enlarged,  pale,  and  in  a  condition  of  slight  atrophic  cirrhosis. 
The  spleen  was  enlarged  to  about  three  times  its  usual  size,  very 
firm,  with  distinct  Malpighian  bodies.  The  kidneys  were  slightly 
cirrhotic ;  the  pancreas,  bladder,  bone-marrow,  and  brain  were 
normal,  and  no  tubercle  bacilli  could  be  found. 

Microscopically  the'  lung  tubercles  were  found  to  consist  of 
alveoli,  the  walls  of  which  were  broken  and  collapsed,  and  were 
filled  with  alveolar  epithelial  cells  distended  with  parasites.  In  the 
liver  the  hepatic  cells  and  the  vascular  endothelial  cells  were  much 
infected  with  parasites.  Some  areas  which  stained  badly  were 
found  to  consist  simply  of  the  debris  of  cells  with  numerous 
parasites.     The  spleen  showed  intracellular  and  free  parasites. 

Symptomatology. — ^The  symptoms  closely  resemble  those  of 
Indian  kala-azar,  there  being  irregular  fever  with  enlargement 
of  the  spleen  and  liver,  and  severe  anasmia  with  marked  leuco- 
penia. 

Treatment. — Nothing  is  known  as  to  the  treatment  or  prophylaxis. 

ONYALAI. 

Definition. — An  acute  infectious  disease  of  unknown  causation, 
characterized  by  the  appearance  of  bullae  containing  blood  on  the 
surface  of  the  body,  the  tongue,  soft  palate,  or  buccal  mucous 
membrane. 

History. — ^The  disease  was  first  described  by  Wellman,  in  1904,  in 
Portuguese  West  Africa,  and  then  by  Massey,  in  1904,  in  Angola ; 
by  Feldman,  in  1905,  in  East  Africa,  where  it  is  called  '  edjuo  '  by 
the  natives  of  Bukoba.  Mense  (1906)  thinks  that  the  'kafindo' 
disease  of  the  Unyamwezi  people  of  the  Congo  is  the  same  disease. 
Haemorrhagic  bullae  in  the  mouth,  but  without  general  symptoms, 
have  been  described  by  Maxwell  in  Changpo,  South  China,  as  being 
due  to  the  accidental  introduction  into  the  mouth  of  a  kind  of 
spider's  web. 
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etiology.— This  is  unknown,  but  Wellman  considers  that  it  is  fiot 
a  manifestation  of  malaria ;  nor  is  it  a  vegetal  poisoning,  nor  a 
snake-poisoning,  though  the  bite  of  Bitis  arietans,  the  puff-adder, 
simulates  some  cases  closely.  Neither  trypanosomes  nor  bacteria 
can  be  found.  It  is  not  a  purpura  hsemorrhagica,  nor  Henoch's 
purpura,  nor  Schonlein's  disease.  Mense  thinks  it  may  be  some 
kind  of  poisoning,  perhaps  with  some  species  of  the  Euphorbiaces. 

Symptoms. — ^The  onset  is  sudden,  and  is  accompanied  by  lassitude 
and  a  dazed  appearance.  Sometimes  the  parotids  are  tender,  and 
the  eyes  may  be  somewhat  reddened,  and  in  about  66  per  cent,  of 
cases  there  is  a  slight  rise  of  temperature.  Numbness  and  pain  in 
various  parts  of  the  body  may  be  noted. 

The  appetite  is  poor  ;  bullae  may  be  seen  on  the  tongue  and  in 
the  mouth  and  pharynx,  while  they  also  occur  in  the  oesophagus, 
stomach,  and  bowels.  The  tongue  is  swollen  and  painful.  Vomit- 
ing of  blood  is  not  rare,  and  bloody  diarrhoea  may  take  place. 
Hsematuria  has  been  noted,  and  cerebral  haemorrhage,  with  the 
usual  signs,  has  been  seen.  It  is  believed  that  haemorrhage  into 
the  pancreas,  liver,  and  spleen,  may  take  place  in  some  cases. 
Bullae  may  also  appear  in  the  skin,  ranging  from  the  size  of  a  split 
pea  to  several  inches  in  diameter.  The  typical  bullae,  whether  on 
a  mucosa  or  in  the  skin,  extend  deeply,  involving  the  submucosa 
or  the  corium,  and  are  crossed  by  fibrous  trabeculas,  in  the  meshes 
of  which  lies  partially  coagulated  blood,  which  appears  dark 
through  the  skin  or  mucosa.  The  red  corpuscles  are  not  disin- 
tegrated, and  can  be  seen  by  the  microscope. 

The  disease  is  said  to  have  a  tendency  to  recur  two  or  three  times. 

Diagnosis. — ^The  diagnosis  from  snake-bite  may  be  effected  only  by 
the  history,  as  the  bullae  may  not  be  visible  on  the  skin  or  mucosa. 
Malaria  can  be  excluded  by  the  blood  examination.  Schonlein's 
disease,  or  peliosis,  is  diagnosed  by  the  rash,  painful  swelling  of 
the  joints,  and  the  purpuric  eruption.  Henoch's  purpura  is  met 
with  generally  in  children,  and  has  joint  symptoms,  as  well  as  a  rash. 

Prognosis. — Wellman  reports  three  deaths  in  fourteen  cases,  and 
says  that  the  malignancy  varies  in  different  seasons  and  districts. 

Treatment. — Wellman  thinks  that  arsenic  in  full  doses  is  the  best 
treatment.  He  says  the  natives  use  empirically  Geigera  wellmani 
Hutch  and  Alhizzia  anthelmintica  A.  Broga.  Massey  recommends 
large  doses  of  bicarbonate  of  soda  and  cod-liver  oil. 
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SECTION   C 
SYSTEMATIC  DISEASES 

CHAPTER  XLI 

DISEASES    OF   THE    RESPIRATORY 
ORGANS 

General  —  Rhinitis  spastica  vasomotoria  —  Rhinopharyngitis  mutilans  — 
Rhinosporidiosis — Hirudiniasis — Rhinal  chilopodiasis — Linguatula  rhi- 
naria — Rhinal  mjdasis — Bronchial  spirochsetosis — Tropical  broncho- 
mycosis. — References. 

Diseases  of  the  respiratory  organs  are  of  common  occurrence  in 
the  tropics,  in  the  form  of  acute  or  chronic  inflammation  of  the  nose, 
throat,  larynx,  bronchi,  or  lungs.  Pneumonia  is  less  common  than 
in  Europe,  and  must  be  carefully  diagnosed  from  pneumonic  plague, 
liver  abscess,  and  malaria,  by  careful  physical  examination  as  well 
as  by  microscopical  examination  of  the  sputum  and  blood.  Liver 
abscess  may  burst  into  the  lung  or  pleural  cavity,  and  may  cause 
the  expectoration  of  a  peculiarly  brown  and  viscid  sputum.  Em- 
physema and  asthma  are  fairly  common. 

Phthisis  is  common,  and  appears  to  be  increasing  in  the  East, 
but  it  must  be  remembered  that  the  pulmonary  lesions  of  para- 
gonimiasis and  histoplasmosis  closely  simulate  this  disease,  and  in 
certain  regions  the  examination  of  the  sputum  is  imperative.  The 
occurrence  of  porocephalus  in  the  lungs  must  also  be  remembered, 
and  the  intense  congestion  in  heat-stroke.  There  are  several 
conditions  which  deserve  special  mention  with  regard  to  tropical 
disease. 

RHINITIS  SPASTICA  VASOMOTORIA. 

Synonyms. — Rhinitis  Nervosa,  Coryza  Spasmodica,  Dispnee 
Tropicale. 

Definition.— A  rhinitis  characterized  by  fits  of  sneezing,  with  the 
production  of  much  nasal  mucus,  and  obstruction  of  the  nose  from 
swelling  of  the  mucous  membrane  over  the  turbinated  bones.  The 
affection  has  the  greatest  resemblance  to  hay  fever. 
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History.— This  disease  appears  to  have  been  first  described  by 
Zegers  in  1901,  in  Batavia,  while  Brero  gives  a  full  description  in 
Mense's  '  Tropenkrankheiten,'  and  we  have  seen  several  cases  in 
Ceylon.  O'Zoux  has  recorded  numerous  cases  in  the  island  of 
Reunion. 

Symptomatology.— The  affection  is  characterized  by  attacking 
adults,  in  whom  it  causes  violent  fits  of  sneezing,  lasting  from  a  few 
minutes  to  two  hours,  during  which  time  the  victim  sneezes  ten  to 
seventy  times,  while  fluid  pours  from  the  nose,  tears  roll  down 
from  the  eyes,  the  conjunctivae  are  injected,  the  eyelids  swollen, 
the  head  aches,  and  the  patient  is  unable  to  do  his  work.  The 
attacks  are  repeated  constantly.  The  attacks  may  be  repeated 
several  times  during  the  day,  or  may  not  recur  for  weeks.  They  may 
be  associated  with  or  followed  by  dyspnoeic  conditions  resembling 
to  some  extent  asthma.  At  the  beginning  the  mucosa  of  the 
inferior  turbinated  bone  may  appear  hyperaemic,  but  later  it 
becomes  swollen,  and  has  a  macerated  appearance.  The  disease 
therefore  closely  resembles  hay  fever,  but  is  supposed  to  be  caused 
by  dust  acting  upon  the  nasal  mucosa  of  persons,  the  resistance  of 
whose  nervous  system  has  been  lowered  by  long  residence  in  the 
tropics.  We  have  frequently  met  with  the  disease  in  people 
exposed  to  the  dust  of  tea  and  copra. 

Treatment. — ^The  only  successful  treatment  in  many  cases  is  a 
change  of  climate,  when  the  symptoms  stop  at  once.  When  the 
patient  cannot  have  a  change  of  climate,  atropine  and  strychnine 
pills,  or  small  doses  of  quinine,  may  be  recommended,  and  locally  a 
spray  of  a  solution  of  cocaine  (i  per  cent.)  and  adrenalin. 

RHINOPHARYNGITIS  MUTILANS. 

Synonym. — Gangosa. 

Definition. — Rhinopharyngitis  mutilans  is  an  ulceration  of  the 
palate  or  pharynx  of  unknown  cause,  which  slowly  spreads  to  the 
nose  and  larynx,  destroying  cartilage  and  bone,  and  causing  much 
deformity. 

History. — The  disease  appears  to  have  been  first  described  in 
1828  by  a  Spanish  Commission  to  the  Marianne  or  Ladrone  Islands 
under  the  name  '  gangosa,'  which  means  '  nasal  voice.'  In  1906 
the  disease  in  the  endemic  area  was  studied  by  Fordyce  and  Arnold, 
by  Leys  in  Guam,  an  island  to  the  south  of  the  Ladrone  Islands, 
and  by  Mink  and  McLean  in  the  Ladrone  and  Caroline  Islands.  In 
1907  a  paper  appeared  by  Musgrave  and  Marshall  on  a  case  from 
the  Batanes  Islands,  120  miles  north  of  Luzon,  and  by  Stitt  on  a 
case  in  a  European  in  Guam. 

Climatology. — ^There  appears  to  be  an  endemic  area  for  the 
disease,  it  being  common  in  the  Batanes  Islands  (where  the  cases 
are  mistaken  for  leprosy),  in  the  Ladrone  Islands,  Guam,  and  the 
Caroline  Islands.  It  is  also  said  to  exist  in  Fiji,  Panama,  British 
Guiana,  Ceylon,  Nevis,  Dominica,  and  Italy. 
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etiology. — Daniels  and  several  other  authors  believe  it  to  be  a 
sequel  to  yaws,  but  Rat  is  opposed  to  this,  as  are  Mink,  McLean, 
Musgrave,  and  Marshall.  .  Alvarez  suggested  that  it  was  syphilis, 
but  Musgrave,  Marshall,  and  Leys  are  opposed  to  this,  because  no 
syphilis  exists  in  Guam,  where  gangosa  is  common.  There  are  no 
signs  or  symptoms  of  syphilis  in  this  disease  ;  treponemata  cannot 
be  found,  and  mercury  and  iodide  of  potash  are  without  effect. 
It  is  not  leprosy,  because  of  the  absence  of  nodules,  infiltration, 
anaesthesia,  and  Hansen's  bacillus.  It  is  distinguished  from 
epithelioma  by  the  absence  of  the  histological  characters  and 
metastases,  as  well  as  by  the  protracted  course.  It  is  excluded  from 
tuberculosis  by  the  absence  of  Koch's  bacillus  and  other  symptoms 
of  the  disease,  and  the  failure  to  inoculate  guinea-pigs  successfully. 
It  is  therefore  probably  a  separate  disease  of  unknown  causation. 

Pathology. — It  appears  to  begin  sometimes  as  a  sore  throat  or 
coryza,  or  as  a  tubercle  on  the  palate.  In  any  case  an  ulcer  soon 
forms,  which,  though  superficial  at  first,  eats  through  cartilage  and 
bone,  with  periods  of  quiescence  and  of  activity.  This  ulceration 
is  due  to  a  necrosis  of  the  tissue  elements,  with  very  little  reaction 
on  the  part  of  the  body.  This  reaction  is  apparently  limited  to  a 
small-celled  infiltration,  some  giant-celled  formation,  and  pro- 
liferation of  bloodvessels  with  the  formation  of  granulation  tissue. 

Morbid  Anatomy. — ^The  post-mortem  may  reveal  signs  of  some 
concomitant  affection — for  example,  tuberculosis,  pleurisy,  or 
cardiac  hypertrophy — which  have  nothing  to  do  with  the  disease, 
the  important  features  of  which  are  ulceration  and  destruction, 
together  with  scar  formation  in  the  larynx,  pharynx,  palate,  nose, 
and  perhaps  the  antrum  of  Highmore. 

Microscopically,  the  following  changes  are  observed  as  the  diseased 
area  is  approached  from  healthy  tissue.  First  there  is  an  oedematous 
infiltration,  then  an  infiltration  with  round  cells,  which  are  princi- 
pally l5miphocytes,  associated  with  another  variety  possessing  more 
protoplasm,  and  a  small  dark  nucleus.  Sometimes  there  are  giant 
cells  and  proliferating  vessels,  and  there  are  always  haemorrhages. 
Then  comes  a  layer  of  necrosis,  forming  the  surface  of  the  ulcer, 
at  the  edges  of  which  the  epithelium  can  be  seen,  sending  processes 
into  the  subcutaneous  tissue,  which  consist  of  large  vacuolated  cells 
with  pale  vesicular  nuclei.  Some  diplococci,  micrococci,  and  bacilli 
have  been  noted,  but  no  acid-fast  bacilli  or  treponemata  have  been 
seen. 

Symptomatology. — ^The  disease  begins  as  a  sore  throat,  and  on 
examination  a  nodule  may  be  seen  on  the  back  of  the  pharynx,  the 
posterior  pillars  of  the  fauces,  or  the  edge  of  the  soft  palate.  This 
becomes  a  superficial  ulcer  covered  with  a  brownish-grey  slough. 
This  ulcer  spreads  rapidly  at  first,  but  more  slowly  later,  and  eats 
away  first  the  soft  parts,  and  then  the  bone  of  the  palate,  the  nasal 
septum,  and  the  cartilages  of  the  nose,  so  that  the  skin  falls  in,  and 
the  nose  and  mouth  are  converted  into  one  cavity.  It  may  then 
extend  on  to  the  face  or  lip,  or  affect  the  larynx.     Sensation  is 


9i8  DISEASES  OF  THE  RESPIRATORY  ORGANS 

diminished  over  the  ulcer,  and  a  most  objectionable  odour  is 
exhaled,  while  a  slight  discharge  of  granular  and  necrotic  debris  is 
generally  present.  The  ulceration  may  progress  continuously  for 
a  period  of  ten  to  thirty-five  years,  or  it  may  advance  at  certain 
times  and  be  quiescent  at  others,  or  it  may  cease  at  any  time, 
leaving  a  chronic  ulcer. 

With  regard  to  the  blood,  Musgrave  and  Marshall  report  that 
their  case  showed  no  marked  leucocytosis  and  no  abnormal  elements. 
The  haemoglobin  was  80  per  cent.,  the  leucocytes  11,600  per  cubic 
millimetre,  the  small  lymphocytes  10  per  cent.,  large  lymphocytes 
4-6  per  cent.,  polymorphonuclears  82  per  cent.,  eosinophiles  2-6  per 
cent.,  basophiles  0-4  per  cent. 

The  disease  is  limited  to  the  throat  and  nose,  and  as  a  rule  the 
general  health  is  but  little  affected. 

A  fulminating  variety  has  been  described  by  Mink  and  McLean  in 
children  which  is  fatal  in  forty-eight  hours,  and  closely  resembles 
diphtheria,  without,  however,  the  presence  of  the  specific  bacUli. 

Diagnosis. — ^The  diagnosis  has  been  practically  discussed  in  the 
^Etiology,  and  need  not  be  repeated,  except  to  say  that  it  must  be 
rnade  by  a  process  of  exclusion. 

Prognosis. — ^The  disease  is  rarely  fatal. 

Treatment. — Nothing  is  at  present  known  which  is  capable  of 
arresting  its  progress.  An  application  of  a  strong  solution  (i  per 
cent.)  of  permanganate  of  potash  is  recommended  as  a  deodorant, 
and  local  application  of  tincture  of  iodine  or  the  actual  cautery. 

Prophylaxis. — Nothing  can  be  said  under  this  heading,  as  the 
aetiology  is  quite  unknown. 

RHINOSPORIDIOSIS. 

Definition. — Rhinosporidiosis  is  an  infection  of  the  nasal  mucosa, 
with  Rhinosporidium  kinealyi  Minchin  and  Fantham,  which  produces 
polypoid  growths. 

History. — In  1903  Kinealy  reported  to  the  Laryngological  Society 
a  peculiar  case  of  a  polypus  growing  from  the  septum  of  the  nose  of 
an  Indian  in  Calcutta  in  the  form  of  a  pedunculated,  raspberry-like 
body,  with  whitish  spots  on  the  general  red  surface.  On  section 
this  tumour  was  found  to  have  peculiar  bodies  embedded  in  it.  It 
was  then  carefully  examined  and  described  by  Minchin  and 
Fantham,  who  came  to  the  conclusion  that  the  peculiar  bodies  were 
haplosporidians,  and  named  them  R.  kinealyi.  In  1905,  Nair  of 
Madras  found  similar  nasal  polypi  in  several  people,  who  all  came 
from  the  small  native  State  of  Cochin,  on  the  west  coast  of  India. 
These  polypi  were  carefully  described  by  Beattie  in  1906. 

Climatology.^ — At  present  it  is  only  known  in  India. 

etiology  and  Pathology. — ^The  cause  of  the  disease  is  R.  kinsalyi 
Minchin  and  Fantham,  which  by  its  growth  causes  the  formation 
of  a  polypus,  as  has  already  been  described  in  the  chapter  on 
Protozoa  (p.  333). 
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Symptomatology.— The  patient  has  his  attention  drawn  to  his 
nose  by  profuse  bleedings,  and  in  a  little  time  notices  a  growth. 
On  examination  this  is  found  to  be  a  small  vascular  pedunculated 
tumour,  about  the  size  and  shape  of  a  pea,  freely  movable  and 
painless,  attached  to  the  anterior  and  upper  part  of  the  cartilaginous 
septum.     In  appearance  it  resembles  a  strawberry  or  a  raspberry. 

Prognosis.— It  does  not  appear  to  be  dangerous  to  life. 

Treatment. — ^The  treatment  is  removal  and  cauterization. 

HIRUDINIASIS. 

Definition. — Hirudiniasis  is  the  invasion  of  the  nose,  mouth, 
pharynx,  or  larynx  by  leeches. 

Climatology.  — •  Leeches  have  already  been  described  in 
Chapter  XVII.,  when  it  was  mentioned  that  they  were  apt  to 
invade  the  nose,  mouth,  pharynx,  or  larynx.  Recently  Masterman 
has  given  a  very  excellent  account  of  hirudiniasis  as  seen  in 
Palestine. 

Leeches  are  most  troublesome  in  Algeria,  Palestine,  and  Ceylon, 
less  so  in  the  Philippine  Islands,  Java,  Sumatra,  Australia,  and 
Japan. 

etiology. — It  is  the  water-leech,  which  lives  in  springs,  which  is 
the  cause  of  trouble  to  man,  as  it  is  apt  to  be  swallowed  with  drinking- 
water.  This  is  particularly  liable  to  take  place  when  the  traveller 
drinks  the  water  hastily  at  dusk. 

Pathology. — ^The  leech,  when  in  the  mouth,  nose,  pharynx,  or 
larynx,  does  not  suck  blood  until  gorged,  and  then  detach  itself 
from  the  affected  part,  as  is  the  rule  when  it  attacks  the  skin,  but 
apparently  bites  and  sucks  a  little  in  one  place,  and  then  passes  to 
another,  and  bites  and  sucks  again,  and  so  on.  Of  course  the  sites 
of  the  bites  bleed,  and  hence  the  patient  may  in  course  of  time 
become  very  anaemic,  and  even  die.  It  is  hardly  likely  that  a  leech 
could  live  in  the  stomach  if  swallowed,  though  such  an  occurrence 
has  been  described. 

Symptomatology. — ^The  patient  usually  knows  that  he  has 
swallowed  a  leech,  and  has  felt  the  animal  catch  hold  of  the  mucosa 
of  the  pharynx  during  the  swallowing  of  the  water.  But  children, 
and  even  adults,  may  be  quite  unaware  of  the  accident  having 
happened.  The  most  important  sign  is  the  bleeding  from  the  nose 
or  mouth,  or  the  hawking  up  of  blood  from  the  pharnyx,  or 
haemoptysis  from  the  larynx,  accompanied  by  a  short  irritating 
cough,  dyspnoea,  and  sometimes  cyanosis  from  the  impediment  to 
the  respiration.  Rhinoscopic  or  laryngoscopic  exarnination  may 
be  necessary  in  order  to  see  the  parasite,  and  will  require  to  be  done 
with  cocaine.  In  the  larynx  the  head  of  the  leech  is  usually  fixed 
just  inside  or  outside  of  the  vocal  cords,  and  the  body  may  flop 
backwards  and  forwards  with  respiration. 

Diagnosis. — ^The  bleeding  and  the  examination  with  a  nasal 
speculum  or  a  laryngoscope  make  the  diagnosis  easy. 
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Prognosis. — This  is  usually  good  if  the  parasite  is  removed  in 
time,  but  if  left  for  long,  removal  may  be  too  late,  and  the  patient 
succumb. 

Treatment. — Apply  a  pledget  of  cotton-wool  soaked  in  30  per 
cent,  solution  of  cocaine  to  the  parasite.  This  produces  a  paralyzing 
effect  on  the  animal,  and  it  can  then  be  removed.  As,  however,  the 
drug  requires  some  time  to  act,  and  the  leech  might  fall  from  the 
larynx  into  the  trachea,  it  is  advisable  in  these  cases  to  make  the 
patient  lie  prone  on  a  couch,  with  the  head  hanging  over,  ■'when  the 
paralyzed  parasite  will  be  coughed  up. 

Prophylaxis. — Filtration  of  the  water  will  prevent  the  parasite 
entering  the  body.  Masterman  says  that  a  kind  of  carp,  Capoeta 
fratercula,  will  keep  the  water  free  from  leeches. 

RHINAL  CHILOPODIASIS. 

Definition. — Rhinal  chilopodiasis  is  the  invasion  of  the  nose~6y  a  species  of 
the  Chilopoda. 

.ffitiology  and  Symptomatology. — The  Chilopoda  have  already  been  described 
in  Chapter  XVII.,  and  it  has  been  pointed  out  that  Geophilus  carpophagus 
Leach,  G.  similis  Leach,  G.  electricus  Leach,  G.  cephalicus  Wood,  Lithobius 
forficatus  Leach,  and  L.  melanops  have  been  found  in  the  nasal  cavities, 
causing  inflammation,  with  at  times  a  great  flow  of  mucus,  while  at  others 
there  is  a  stoppage  of  the  discharge.  Associated  with  this  flow  there  is  head- 
ache, with  more  or  less  marked  remissions  at  times,  and  also  general  symptoms, 
such  as  convulsions,  angina,  dyspnoea,  etc.,  which  are  thought  to  be  produced 
reflexly  by  stimulation  of  the  fifth  nerve.  The  symptoms  are  thought  to  be 
produced  mechanically,  and  not  to  be  due  to  any  action  of  venom  secreted  by 
the  parasite.  Diagnosis  is  to  be  made  by  examination  of  the  nose  by  a 
speculum. 

Treatment. — The  affection  is  not  serious,  and  often  the  parasite  is  expelled 
by  merely  sneezing.  More  rarely  chloroform-water  injections,  snuff,  eau  de 
Cologne,  or  turpentine  injections,  are  needed.  Still  more  rarely  will  a  sinus, 
such  as  the  frontal  sinus,  require  to  be  opened. 

LINGUATULA  RHINARIA. 

This  parasite  has  been  found  occasionally  in  the  nose  of  man  in  Europe. 

RHINAL  MYIASIS. 

Definition. — Rhinal  myiasis  is  the  invasion  of  the  nasal  cavities 
by  the  larvae  of  Chry&omyia  macellaria  and  other  flies. 

Climatology. — The  disease  is  met  with  in  tropical  and  subtropical 
America,  both  north  and  south. 

.ffitiology. — The  fly  lays  its  eggs  in  the  nose  of  a  person  sleeping 
in  the  open  air,  and  the  larvae  which  hatch  from  the  eggs  cause  the 
disease. 

The  life-history  of  this  fly  has  already  been  fully  described  in 
Chapter  XX. 

Pathology. — ^The  larvae  consume  the  mucous  membrane,  carti- 
lages, and  bones  of  the  nose  for  nutriment,  and  may  reach  the  nasal 
sinuses,  the  frontal  sinus,  the  antrum  of  Highmore,  or  even  the 
meninges  at  the  base  of  the  skull. 

Symptomatology. — Pain  associated  with  a  discharge  of  blood  from 
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the  nose  in  the  endemic  region  should  lead  to  the  disease  being 
suspected,  and  should  cause  a  thorough  examination  of  the  nose  to 
be  made  for  larvae. 

Diagnosis.— This  will  depend  upon  the  locality,  and  upon  finding 
a  larva. 

Prognosis. — ^The  prognosis  is  bad,  unless  the  case  is  promptly 
treated. 

Treatment. — The  nose  must  be  washed  out  with  chloroform- 
water,  and,  if  necessary,  the  frontal  or  other  sinuses  must  be  opened 
and  irrigated.     Calomel  may  be  insufflated. 

Prophylaxis. — The  prophylaxis  consists  in  the  avoidance  of 
sleeping  in  the  open  air  without  a  mosquito  curtain. 

BRONCHIAL  SPIROCHiETOSIS. 

Definition. — Bronchial  spirochaetosis  is  a  peculiar  form  of  bron- 
chitis characterized  by  the  presence  of  enormous  numbers  of 
spirochsetes  in  the  expectoration. 

History. — Bronchial  spirochaetosis  was  first  described  by  Castel- 
lani  in  1906.  In  1909  Waters  described  numerous  cases  of  the 
disease  occurring  in  India,  while  Branch  in  the  West  Indies,  and 
Jackson  in  the  Philippine  Islands  have  also  observed  cases. 

Climatology. — The  geography  of  the  disease  is  not  fuUy  known, 
but  its  distribution  appears  to  be  extensive,  as  it  is  known  in  India, 
Ceylon,  the  Philippine  Islands,  and  the  West  Indies. 

.ffitiology. — Enormous  numbers  of  spirochsetes  are  found  in  the 
expectoration,  and  these  may  be  classified  into  various  groups, 
when  coloured  by  Leishman's  or  Giemsa's  stain.  These  groups 
are : 

1.  Very  thick  individuals,  from  15  to  39  /^  in  length,  with 
irregular  coils,  which  vary  in  number,  but  are  never  numerous. 
These  forms  generally  take  a  bluish  tint  with  the  stain. 

2.  Individuals  resembling  S.  refringens  Schaudinn,  and  possessing 
a  few  graceful  waves  and  pointed  extremities. 

3.  Thin,  delicate  spirochaetes,  with  numerous  small  uniform  coils 
and  tapering  ends.  Sometimes  one  of  the  extremities  is  blunt, 
while  the  other  is  pointed.     This  is  perhaps  the  commonest  type. 

4.  Extremely  thin  delicate  organisms,  with  very  few  irregularly 
shaped  coils. 

There  is  little  doubt,  therefore,  that  the  term  5.  hronchialis 
Castellani  1907  covers  several  varieties  of  spirochaetes  and  possibly 
different  species. 

Symptomatology. — The  disease  presents  two  types— -viz.,  acute 
broncho-spirochaetosis  and  chronic  broncho-spirochaetosis. 

Acute  Broncho-SpirochcBtosis. — In  the  acute  type  the  patient  has 
fever,  feels  weak,  and  suffers  considerably  from  a  cough,  the 
expectoration  being  scanty  and  of  a  mucus  character,  but  very  often 
the  general  condition,  according  to  our  experience,  is  not  bad. 

Chronic  Broncho-Spirochcetosis. —Chionic  bronchial  spirochaetosis 
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may  follow  on  an  acute  attack,  but  very  frequently  at  least  in 
Ceylon,  the  onset  is  quite  insidious  and  slow.  The  patient  has  a 
chronic  cough,  which  is  frequently  more  severe  in  the  mornings. 
The  expectoration  is  not  very  abundant,  and  is  muco-purulent  in 
character. 

In  some  cases  for  periods  of  two  or  three  days,  and  even  much 
longer,  the  expectoration  contains  blood,  which  is  intimately  mixed 
with  the  muco-pus,  and  varies  in  amount.  Sometimes  attacks  of 
genuine  haemoptysis  occur,  one  or  two  teaspoonfuls  or  more  of  blood 
being  expectorated.  In  some  cases  there  is  no  fever ;  in  others  a 
true  hectic-like  fever  may  be  present.  In  some  cases,  however,  the 
rise  of  temperature  takes  place  in  the  morning,  and  not  in  the  after- 
noon ;  in  others  the  fever  is  present  only  occasionally,  and  is  very 
irregular.  The  physical  examination  of  the  chest  reveals  very  little 
except  a  few  dry  or  coarse  moist  rales.  The  general  condition  may 
remain  fairly  good  for  a  long  time,  though  a  certain  degree  of  anaemia 
is  always  present.     A  few  cases  waste  rapidly. 

The  course  of  the  disease  is  very  prolonged,  the  first  case  observed 
by  Castellani  in  1904  being  not  merely  still  alive  in  1909,  but  very 
much  improved. 

Prognosis. — ^The  prognosis  is  favourable  quo  ad  vitam,  but  the 
disease  may  take  a  chronic  course  with  anaemia  and  wasting. 

Diagnosis. — ^The  acute  type  is  generally  mistaken  for  influenza 
or  rnalaria.  The  examination  of  the  sputum  in  which  no  Pfeiffer's 
bacilli  are  found  will  distinguish  the  affection  from  influenza,  and 
the  examination  of  the  blood  will  exclude  malaria. 

Cases  of  the  chronic  type  presenting  blood  in  the  expectoration 
are  generally  diagnosed  as  phthisis.  The  examination  of  the  sputum 
for  tubercular  bacilli  will  be  always  negative,  and  the  animal 
inoculations  will  remain  without  effect.  The  ophthalmo-  and  cuti- 
reactions  are  negative  in  the  great  majority  of  cases. 

Occasionally,  however,  cases  of  mixed  infections  of  tuberculosis 
and  spirochaetosis  occur,  one  such  case  being  described  by  Branch. 

Spirochetosis  is  easily  distinguished  from  endemic  haemoptysis 
by  the  examination  of  the  sputum,  which  will  show  absence  of  the 
ova  of  Paragonimus  westermani. 

Treatment, — ^Treatment  with  the  ordinary  expectorant  mixture 
is  unsatisfactory,  but  in  chronic  cases  the  glycerophates  and  arsenic 
give  somewhat  better  results. 

Castellani  has  recently  called  attention  to  the  frequency  in  the 
tropics  of  cases  of  chronic  bronchitis  due  to  Hyphomycetes.  The 
most  severe  type  of  the  disease  closely  resembles  phthisis. 

The  so-called  '  tea-factory-cough,'  commonly  met  with  in  planters 
and  coolies  in  Ceylon,  is  often  a  form  of  bronchomycosis. 

The  fungi  most  commonly  observed  are :  Endomyces,  Saccharo- 
myces,  and  occasionally  Aspergilli. 

The  milder  type  is  amenable  to  treatment  by  potassium  iodide. 
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DISEASES  OF  THE  ALIMENTARY  CANAL 
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GENERAL  REMARKS. 

The  diseases  of  the  alimentary  canal  include  a  very  large  number 
of  affections  which  are  common  to  all  parts  of  the  world,  and  need 
not  concern  us  here  except  to  remark  in  passing  on  a  few  points. 
Cancer  of  the  lips,  cheeks,  and  tongue  are  frequently  met  with  in 
Ceylon  and  other  parts  of  the  tropics.  All  forms  of  dyspepsia  are 
common,  but  Marchoux  and  Brochet  have  specially  called  attention 
to  the  frequency  of  hyperchlorhydria  and  fermentation,  which 
agrees  with  our  own  experience. 

Externa]  hernia  is  common,  but  internal  hernia  is  rare  ;  we  have 
only  met  with  one  example,  and  then  of  a  most  unusual  form,  the 
displacement  being  through  a  rupture  in  the  transverse  mesocolon, 
forming  a  hernia  into  the  lesser  sac.  This  hernia  probably  took 
place  through  the  recessus  inter-mesocolicus  transversa  (Broscke). 
Intussusception  and  volvulus  are  known,  as  well  as  intestinal 
obstruction  due  to  bands,  and  we  have  met  with  one  unique  case 
of  fatal  intestinal  obstruction  in  a  native  found  dead,  caused  by  the 
compression  of  the  rectum  against  the  pelvic  wall  by  an  enormously 
distended  bladder,  which  we  had  not  thought  to  be  possible. 

Cancer  of  the  stomach  and  bowels  is  by  no  means  uncommon, 
but  gastric  ulcer  is  rare,  and  we  have  only  met  with  one  case. 
Tuberculosis  of  the  bowel  is  generaly  secondary  to  tuberculosis  in 
some  other  regions,  but  we  have  seen  primary  tuberculosis.  Appen- 
dicitis is  quite  common  in  both  Europeans  and  natives,  and  is  caused 
by  bacteria  acting  either  directly,  or  introduced  by  the  action  of 
Trichuris  and  A  scans. 

We  would  also  call  attention  to  the  frequency  of  intestinal  sand. 
The  true  intestinal  sand  of  animal  origin  composed  of  dark  grey  or 
colourless  gritty  particles,  and  largely  composed  of  lime  salts,  is 
occasionally  met  with,  but  by  far  more  common  is  the  so-called 
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Sbk  foo?'??^^  '^""^  composed  of  undigested  remains  of  vege- 

ear  L  ^StJ    T    'if'   '*'•)'   ""^^^  "^^  become  encrusted  with 

pSns  ''^^^^  ^^^""^  ™^y  b^  diarrhoea  and  coHcky 

LIST  OF  ANIMAL  PARASITES. 

The  animal  parasites  of  the  aUmentary  canal  are  : 

BuccAi.  Pakasixes.  <"^  '''°*°'°''- 

I.  Entamoeba  gingivalis  Gros. 

2-  ,,  dentalis  Grassi. 

3-  ,,  buccalis  Prowazek. 

Intestinal  Parasites. 

4.  Entamoeba  coh  Losch. 

histolytica  Schaudinn. 
undulans  Castellani. 
tropicalis  Lesage. 
tetragena  Viereck. 
phagocytoides  Gauducheau. 
10.  Paramoeba  hominis  Craig, 
fii.  Cercomouas  hominis  Davaine. 

12.  Trichomonas  intestiualis  Leuckart. 

13.  Lamblia  iutestinaUs  Lambl. 

14.  Eimeria  stiedae  Lindemann. 
15-         ..        hominis  R.  Blanchard. 

16.  Isospora  bigemina  Stiles. 

17.  Chilodon  dentatus  Dujardin. 

18.  „         uncinatus. 

19.  Colpoda  cucuUus  Guiart. 

20.  Balantidium  coU  Malmsten.  - 

21.  ,,  minutum  Schaudinn. 

22.  Nyototherus  faba  Schaudinn. 

23.  ,,  giganteus  P.  Rrause. 

24.  ,,  africaua  Castellani. 

{b)  Trematoda. 

25.  Clad  orchis  watsoni  Conyngham. 

26.  Gastrodiscus  hominis  Lewis  and  McConnell. 

27.  Fasciolopsis  buski  Lankester. 

28.  ,,,  fiilleborni  Rodenwalt. 

29.  Kwan's  fluke  Heanley. 

J  30.  Heterophyes  heterophyes  von  Siebold. 

(c)  Cestoda. 

31.  Dibothriocephalus  latus  Linnaeus. 

32.  ,,  cordatus  Leuckart. 

33.  '„  parvus  Stephens. 

34.  Diplogonoporus  grandis  Blanchard. 

35.  Dipylidium  caninum  Linnaeus. 

36.  Hymenolepis  nana  von_Siebold. 

37.  „  deminuta'Rudolphi. 

38.  „  lanceolata  Bloch. 

*  The  following  Entamoebas  must  be  added  :  E.  minuta  Elmassian  1909  ; 
E.  nipponica  Koidzumi  1909. 

t  The  following  flagellates  must  be  added  :  Bodo  zeylanicus  Castellani  and 
Chalmers  ji  909. 

1  Fasioletta  ilocana  must  be  added. 
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39.  Davainea  madagascariensis  Davaine. 

40.  ,,         asiatica  von  Linstow. 

41.  Taenia  (Taenia)  solium  Linnaeus. 

42.  ,,  (Taeniorhynchus)  saginata  Goeze. 

43.  „  „  africana  von  Linstow. 

44.  ,,  „  hominis  von  Linstow. 

45.  ,,  ,,  philippina  Garrison. 

46.  „  (?)  confusa  Ward. 

47.  ,,  (?)  bremneri  Stephens. 

{d)  Nemathelminthes. 

48.  Strongyloides  stercoralis  Bavay. 

49.  Trichinella  spiralis  Owen. 

50.  Trichuris  trichiura  (Linnaeus). 

5 1 .  Strongylus  gibsoni  Stephens. 

52.  Trichostrongylus  instabilis  Railliet. 

53.  ,,  probolurus  Railliet. 

54.  „  vitrinus  Loess. 

55.  Agchylostoma  duodenale  Dubini. 

56.  Necator  americanus  Stiles. 

57.  Triodontophorus  deminutus  Railliet  and  Henry. 

58.  CEsophagostoma  brumpti  Railliet  and  Henry. 

59.  Physaloptera  caucasica  von  Linstow. 
50.  ,,  mordens  Leiper. 

61.  Ascaris  lumbricoides  Linnaeus. 

62.  ,,        texana  Smith  and  Goethe. 

63.  ,,        maritima  Leuckart. 

64.  Toxascaris  canis  Werner. 

65.  Belascaris  mystax  Zeder. 

66.  Oxyuris  vermicularis  Linnaeus. 

67.  Gordius  aquaticus  Linnaeus. 

68.  ,,  chiliensis  Blanchardr 

69.  Paragordius  varius  Leidy. 

60.  „  tricuspidatus  Dufour. 

71.  ,,  cinctus  von  Linstow. 

72.  Parachordodes  tolosanus  Dujardin. 

73-  ..  pustulosus  Baird. 

74-  ..  violaceus  Baird. 

75-  ..  alpestris  Villot. 

76.  Echinorhynchus  hominis  Lambl. 

77.  Gigantorhynchus  gigas  Goeze. 

{e)  Crustacea. 

78.  Gammarus  pulex. 

(/)  Diplopoda. 

79.  Julus  terrestris  Linnaeus. 

80.  ,,      londinenensis  Leach. 

81.  Polydesmus  complanatus. 

(g)  Chilopoda. 

82.  Geojihilus  electricus  Linnasus. 

83.  Scutigera  coleoptrata. 

84.  Chaetechelyne  vesuviana. 

85.  Himantarium  gervaisi. 

86.  Stigmatogaster  subterraneus. 

(h)  Diptera  (Larvse  only). 

87.  Sarcophaga  magnifica  Schiner. 

88.  ,,  affinis. 

89-  ,.  carnaria  Linnaeus. 
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90.  Sarcophaga  haemorrhoidalis. 
91-     ~       ,,  haematodes  Joseph. 

92.  Lucilia  caesar  Linnaeus. 
93-         ..       regina  Maly. 

94.  Fannia  canicularis  Linnaeus. 
95-         ..       desjardensii  Macquart. 

96.  ,,  scalaris. 

97.  ,,  incisurata. 

95.  „  manicuta. 
99-  ,,  saltatrix. 

100.  Musca  corvina. 

(?)  Coleoptera  (Larva), 
loi.  Several  described,  but  species  not  determined. 

A  number  of  these  parasites,  however,  have  not  been  recorded  in 
the  tropics,  and  others  are  beHeved  to  be  non-pathogenic. 

Statistical  information  with  regard  to  the  prevalence  of  the 
various  forms  in  different  tropical  regions  is  still  wanting,  but  some 
valuable  observations  have  been  made,  especially  in  the  Philippine 
Islands.  The  relative  prevalence  of  the  various  intestinal  parasites 
in  these  islands  has  been  carefully  studied  by  Garrison,  who  finds 
that  84  per  cent,  of  the  investigated  persons  were  infected  with 
fifteen  genera  and  about  twenty  species,  multiple  infections  being 
the  rule,  the  average  number  of  infections  being  2-25  per  head. 


The  prevalence  of  the  various  parasites  was  as  follows  : 


Trichuris 

Agchylostoma  and  Necator 

Ascaris 

Entamoebae 

Flagellates  and  Ciliates 

Strongyloides 

Oxyuris    . . 

Taeniae 

Schistosomum  japonicum 

Paragonimus 

Opisthorchis 

Hymenolepis 


Per  Cent. 

59-0 

52-0 
26'0 

23-0 

2  I'D 
3-0 
0-8 
07 

0-6 
0-4 
0-3 
o-i 


Besides  these,  however,  there  were  a  number  of  undetermined 
forms.  The  infection  with  Trichuris  is  variously  given  in  different 
countries — e.g.,  Porto  Rico  (Commission),  7-27  per  cent.  ;  India 
(Fearnside),  6-95  per  cent.  ;  India  (Dobson),  4-4  per  cent.  ;  Central 
Africa  (Daniels),  279  per  cent.  The  infection  with  Agchylostoma 
and  Necator  is  given  in  India  (Calvert),  83  per  cent. ;  (Dobson), 
57-58  per  cent. ;  (Fearnside),  65-83  per  cent.  Ascans  mfection  m 
West  Africa  (Wellman)  is  50-97  per  cent.  Garrison  considers  his 
figure  of  26  per  cent.,  which  is  based  upon  adults  only,  as  much  too 
low.  Strongyloides  is  placed  in  Central  Africa  at  (Daniels)  1-5  per 
cent.  •  West  Africa  (Wellman),  0-65  per  cent.  ;  Porto  Rico  (Com- 
mission), 0-8  per  cent.  Oxyuris  is  given  in  India  (Dobson)  at 
15-37  per  cent. 
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DISEASES  CAUSED  BY  ANIMAL  PARASITES. 

The  pathogenicity  of  these  intestinal  parasites  must  now  be 
considered.  In  Chapter  XI.  we  drew  attention  to  the  Ent- 
amcebcB  infecting  the  mouth  and  the  alimentary  canal,  and  need 
not  repeat  what  has  already  been  written.  Dysentery,  it  wUl 
be  remembered,  can  be  caused  by  Entamoeba  histolytica  and  E. 
tetragena. 

Diarrhoea  or  dysenteric-like  conditions  may  be.  caused  by 
flagellate  organisms — e.g.,  Cercomonas  hominis,  Trichomonas  intesti- 
nalis,  and  Lamhlia  intestinalis.  Eimeria  stiedcB  and  E.  hominis  may 
also  cause  diarrhoea. 

Diarrhoea  and  dysentery  can  also  be  produced  by  ciliate 
organisms — e.g.,  Chilodon  dentatiis,  C.  uncinatus,  Colpoda  cucullus, 
Balantidium  coli,  and  perhaps  B.  minutum,  Nyctotherus  faba,  and 
N.  giganteus.  With  regard  to  these  flagellates  and  ciliates  more 
will  be  said  later  in  the  chapter  on  Dysentery  and  Diarrhoea. 

Diarrhoea  has  been  described  as  being  caused  by  Cladorchis 
watsoni,  while  Fasciolopsis  buski  causes  dysenteric  diarrhoea,  F. 
rathouisi  colic,  C.  fiilleborni  fever,  and  Kwan's  Huke  gastric  dis- 
turbance. The  presence  of  trematode  worms  can  only  be  diag- 
nosed by  the  discovery  of  the  eggs  or  the  adult,  and  the  treatment 
must  be  on  the  same  lines  as  that  described  for  agchylostomiasis. 

Schistosomum  mansoni  is  the  cause  of  intestinal  bilharziosis, 
which  will  be  described  later. 

Cestode  parasites  cause  gastric  and  reflex  symptoms,  mostly  of  a 
vague  nature.  The  former  comprise  salivation,  diarrhoea,  or  con- 
stipation, with  colicky  pains,  nausea,  vomiting,  or  dyspepsia,  whUe 
the  latter  include  faintness,  unequal  pupils,  disorders  of  vision  and  _ 
hearing,  headache,  itching  of  the  nose  or  anus,  vertigo,  epilepsy,  etc. 
Anaemia  and  skin  eruptions  have  also  been  recorded.  The  treat- 
ment is  the  usual  anthelmintic  remedy  of  Filix  mas,  in  capsules 
(six  lo-minim  capsules)  or  emulsions  (olei  filicis  3i.,  gummae  acaciae 
q.s.,  syrupi  zingiberis  3i.,  aquas  ad  §ii.  Fiat  haust.),  followed  by  a 
saline  purgative  six  hours  later. 

The  infections  by  the  nemathelminthes  require  rather  longer 
descriptions — e.g.,  strongyloidosis,  trichuriasis,  agchylostomiasis, 
ascariasis,  and  oxyuriasis,  which  are  important  diseases  in  the 
tropics. 

^  Strongyloidosis. 

Strongyloidosis,  usually  called  intestinal  anguillulosis,  is  the 
infection  of  man  with  Strongyloides  sterocoralis  Bavay  1876,  which 
produces  no  s5miptoms  if  present  in  small  numbers,  but  induces 
an  intestinal  catarrh  leading  to  anaemia  and  an  intermittent  diarrhoea 
when  in  large  numbers.  The  disease  is  met  with  all  over  the 
tropical  world,  and  even  in  the  temperate  zone.  Diagnosis  can 
only  be  effected  by  finding  the  rhabdite  embryo  (the  so-called 
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AnguiUulastercoralis),  or  the  eggs  in  the  feces,  in  which  the  latter 
only  be  found  when  violent  diarrhoea  is  present.     The  treat- 
ment IS  the  same  as  for  agchylostomiasis  (see  p.  404). 

Trichuriasis. 

Synonyms.— Whip-worm  Infection,  Trichocephaliasis. 

Nomenclature.— Biittner  in  1761  first  named  the  worm  Trichuris, 
or  thread-tail,  for  he  mistook  the  posterior  end  for  the  anterior. 
Linnaeus  m  1771  called  the  worm  Ascaris  tnchium,  but  Goeze  in 
1782  changed  the  name  to  Trichocephalus  trichiura,  because  he  recog- 
nized the  error  made-  by  Biittner.  The  term  Trichuris  trichiura 
Linnaeus  must,  however,  stand,  and  the  term  for  any  disease 
associated  with  this  worm  must  be  '  trichuriasis.' 

Deflnition.— Trichuriasis  is  an  infection  of  the  large  intestine, 
appendix,  or  ileum  by  Trichuris  trichiura  Linnsus  1771,  which 
produces  no  symptoms  unless  it  is  present  in  large  numbers,  when 
anaemia,  nervous  and  gastro-intestinal  S3miptoms  may  appear. 

History.- From  the  time  of  Barth,  who,  in  1845,  was  the  first  to 
ascribe  a  pathogenic  role  to  the  worm,  there  have  been  a  large 
number  of  observers  who  have  considered  it  to  be  the  cause  of 
gastro-intestinal  and  nervous  symptoms,  while  Metchnikoff  and 
Guiart  in  1901  considered  it  to  be  a  cause  of  appendicitis.  In  the 
same  year  Girard  drew  attention  to  the  possible  transmission  of 
pathogenic  bacteria  into  the  tissues  via  the  wounds  produced  by 
the  worm.  In  1902  Schiller  ascribed  a  case  of  high  fever  to  the 
action  of  a  heavy  infection  with  the  parasite.  In  1908  Musgrave, 
Clegg,  and  Polk  contributed  ah  excellent  monograph  on  the  whole 
subject  of  trichuriasis,  together  with  full  accounts  of  four  cases. 
Our  own  experience  is  in  favour  of  the  worm  being  occasionally 
directly  the  cause  of  appendicitis,  for  several  times  we  have  found  it 
in  the  inflamed  appendix  removed  by  operation. 

Geographical  Distribution. — Trichuris  trichiura  is  cosmopolitan 
in  its  distribution. 

.etiology. — ^Trichuriasis  is  caused  by  Trichuris  trichiura  Linnaeus 
1771,  which,  as  far  as  is  known,  is  really  a  parasite  of  man  and 
monkeys,  while  allied  forms  exist  in  other  animals.  The  eggs 
escape  with  the  faeces,  and  require  three  to  six  months  for  the 
development  of  the  embryo,  which  can  then  remain  alive  for  years 
inside  the  shell  if  kept  on  moist  earth.  Usually  the  eggs  gain  access 
to  man  by  means  of  contaminated  food,  especially  uncooked  vege- 
tables, and  to  a  less  extent  fruits.  This  is  especially  likely  to  occur 
in  the  tropics,  where  human  faecal  matter  is  often  allowed  to  be 
deposited  in  vegetable  gardens.  Musgrave,  Clegg,  and  Polk 
report  finding  the  ova  in  washings  from  fresh  vegetables.  Domestic 
animals,  insects,  dust,  etc  ,  are  also  considered  to  be  possible  means 
of  infection.  When  taken  into  the  alimentary  canal,  it  hatches 
and  reaches  sexual  maturity  in  sixteen  days. 

It  occurs  more  commonly  among  children  than  adults,  women 
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than  men,  and  native  races  than  European.  But  all  these  factors 
appear  simply  to  depend  upon  good  or  bad  sanitation,  for  the  latter 
is  the  principal  factor  in  producing  infection. 

Pathology. — It  is  believed  that  the  worms  attached  themselves 
to  the  mucosa  of  the  bowel  by  the  head  penetrating  deeply  into  its 
tissue  either  via  a  gland  or  directly.  In  this  position  the  worm  is 
firmly  fixed,  and  is  more  or  less  protected  against  the  action  of 
anthelminthics.  They  do  not  appear  to  be  blood-suckers,  nor  is 
there  any  evidence  that  they  produce  toxins — at  all  events,  in 
sufficient  quantity  to  affect  man.  On  the  other  hand,  it  is  believed 
that  micro-organisms  can  gain  entrance  to  the  blood  through  the 
wounds  produced  by  the  head,  and  this  secondary  infection  may  be 
the  cause  of  the  appendicitis  and  other  pathological  phenomena. 

Morbid  Anatomy. — A  post-mortem  simply  reveals  anaemia  and 
dropsy,  with  at  times  appendicitis.  The  most  marked  feature  is 
the  presence  of  large  numbers  of  Trichuris  trichiura. 

Symptomatology. — The  symptomatology  may  be  subdivided  into 
the  intestinal  and  appendicular  varieties. 

Intestinal  Variety. — ^The  illness  begins  with  dizziness,  tinnitus 
aurium,  and  a  sensation  of  weakness,  which  may  be  followed  by 
slight  daily  fever  and  later  by  oedema  of  the  face  and  extremities, 
while  anaemia  appears  and  gradually  progresses.  Seen  at  this  stage 
of  the  illness,  the  mucosa  of  the  lips  and  tongue  appear  pale,  the 
appetite  is  poor,  and  dyspepsia,  followed  later  by  nausea  and 
vomiting,  with  or  without  slight  diarrhoea,  occurs. 

The  liver  and  spleen  are  normal,  but  a  haemic  murmur  may  be 
heard  at  the  apex  of  the  heart,  while  the  blood  examination  reveals 
a  great  decrease  in  the  number  of  -red  cells  and  the  presence  of 
poikilocytes,  but  no  nucleated  elements.  The  haemoglobin  is  also 
reduced,  while  the  leucocytes  are  increased,  and  also  in  most  cases 
there  is  an  absence  of  an  eosinophilia.  The  urine  is  normal.  There 
is  mental  depression,  restlessness,  headache,  and  at  times  insomnia. 
As  the  disease  progresses  the  anaemia  becomes  more  and  more 
marked,  and  death  may  eventually  ensue. 

Appendicular  Variety. — The  symptoms  of  this  variety  are  the 
same  as  those  for  appendicitis  arising  from  other  causes.  Operative 
treatment  reveals  the  nature  of  the  malady. 

Diagnosis. — The  disease  closely  resembles  agchylostomiasis,  from 
which  it  may  be  differentiated  by  finding  trichuris  ova  and  no 
agchylostome  ova  in  the  faeces,  and  also  by  the  absence  of  marked 
eosinophilia. 

Prognosis. — The  ordinary  slight  infection  which  is  frequently  met 
with  may  be  considered  to  be  harmless,  but  the  prognosis  is  grave 
in  those  rare  cases  of  very  heavy  infection  presenting  the  symptoms 
described  above. 

Treatment. — The  treatment  at  present  advised  is  the  administra- 
tion of  thymol  by  the  mouth  in  the  manner  presently  to  be 
described  for  agchylostomiasis,  and  to  give  enemata  of  solutions  of 
benzine. 
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Prophylaxis.— Good  sanitation  and  proper  disposal  of  sewage, 
associated  with  cleanliness  in  the  preparation  of  food,  as  well  as 
witn  personal  cleanliness,  constitute  important  prophylactic 
nieasures.  Uncooked  vegetables  and  skins  of  fruits  should  not  be 
eaten. 

Agchylostomiasis. 

Synonyms.— Anchylostomiasis,  Miner's  Anasmia,  Ankylostomiasis, 
Leylon  Anemia,  Uncinariasis,  Negro  Consumption,  Dochmiasis, 
Cachexie  Africaine,  Egyptian  Chlorosis,  Anemie  des  Pays  Chauds, 
Iropical  Chlorosis,  Mai  de  Coeur,  Hook-worm  Disease,  Tunnelkrank- 
heit,  Geophagia,  Allotriophagia,  Anchylostomiasi,  Sufura,  Tuntum. 

Definition. — Agchylostomiasis  is  a  toxsemia  resulting  in  a  pro- 
gressive anaemia,  caused  by  Agchylostoma  duodenale  Dubini  1843 
and  Necator  americanus  Stiles  1902. 

History.— The  history  of  the  discovery,  together  with  the 
structure,  life-history,  and  geographical  distribution  of  the  two 
parasites,  has  been  described  in  Chapter  XVI.,  and  it  now  remains 
to  give  an  account  of  the  disease  produced  by  them  in  man. 

Climatology.— The  disease  will  be  found  wherever  there  is  a 
suitable  temperature  and  moisture  for  the  development  of  the 
parasites.  It  is  therefore  spread  throughout  the  tropics  of  America, 
Africa,  and  Asia,  and  is  also  found  in  Queensland,  New  Guinea,  and 
Fiji,  and  also  in  mines  or  tunnels  in  Europe,  where  the  conditions 
of  temperature  and  moisture  resemble  the  tropics. 

etiology. — ^The  disease  is  due  to  the  presence  of  Agchylostoma 
duodenale  and  Necator  aniericana  in  the  body.  The  infection  by 
these  parasites  takes  place  by  two  routes,  either  through  the  skin 
or  by  the  mouth.  In  the  latter  instance  it  is  generally  acquired 
by  eating  contaminated  vegetables,  or  through  the  habit  some 
natives  have  of  geophagy.  It  is  possible  that  the  pathological 
phenomena  may  be  due  to  toxins,  either  set  free  by  the  embryo  in 
its  travels  from  the  skin  to  the  alimentary  canal,  or  inoculated 
into  the  blood-stream  from  the  cephalic  glands  of  the  adult  worm  as 
it  grips  the  villi  of  the  intestine.  But  absolute  proof  is  still  required 
of  the  presence  of  these  toxins,  notwithstanding  the  work  of 
De  Giovanni,  Gabbi,  Alessandrini,  and  many  others.  The  Porto 
Rico  Commission  confirms  the  suspicion  which  had  long  existed  as 
to  a  relative  racial  immunity,  finding  71  per  cent,  of  the  cases  in 
Europeans,  54  per  cent,  of  the  cases  in  mulattoes,  and  41  per  cent, 
of  the  cases  in  negroes,  to  vary  from  medium  to  very  severe,  though 
the  degree  of  infection  of  the  three  races  was  in  the  proportions  of 
78  per  cent.,  72  per  cent.,  and  76  per  cent. 

Pathology. — When  the  embryos  enter  the  skin  in  sufficient 
numbers  they  cause  an  eruption  of  papules  or  vesicles,  but  these 
are  more  probably  due  to  the  pyococci  and  bacteria  introduced  along 
with  larvae,  which  are  the  true  cause  of  the  dermatitis.  These  skin 
lesions  are  called  '  bunches  '  in  Cornwall,  '  mazamorra  '  in  Porto 
Rico,  and  '  ground-itch  '  in  Assam. 
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It  is  not  known  what  effect  the  journey  from  .the  skin  to  the 
alimentary  canal  has  upon  the  host,  but  it  is  certam  that  m  course 
of  time  a  marked  effect  upon  the  blood  and  the  organs  of  the 
body  is  produced,  which  often  appears  out  of  proportion  to  the 
nuniber  of  worms  which  can  be  found  in  the  intestine.  Loeb  and 
Smith  find  that  the  worm  produces  a  substance  which  hinders  tfte 
coagulation  of  the  blood.  Some  observers— e.g.,  Gabbi— have 
found  that  the  blood  of  agchylostome  patients  is  more  toxic  than 
the  blood  of  healthy  people,  and  contains  more  haemolytic  sub- 
stances, but  this  has  been  denied  by  Marini.  Padoaand  others 
have  observed  that  the  processes  of  intestinal  putrefaction  are  very 
marked  in  agchylostomiasis.  u     j.  j-u 

Morbid  Anatomy.— An  eruption  about  the  feet,  oedema  about  the 
ankles,  with  a  peculiar  dead-white  appearance  of  the  con]unctiva, 

are  often  seen  on  the 
post-mortem  table.  On 
opening  the  abdomen,  it 
will  be  noted  that  the 
tissues  are  damp,  the 
peritoneum  sodden,  the 
intestines  very  pale,  and 
some  straw-coloured  fluid 
will  generally  be  seen 
in  the  peritoneal  cavity. 
All  the  organs  appear 
damp  and  pale.  The 
lungs  are  oedematous, 
the  heart  pale  and  fatty, 
with  sometimes  hyper- 
trophy of  the  left  ven- 
tricle. The  liver  is  fatty ; 
the  spleen  presents 
various  appearances,  but 
generally  is  shrunken  ; 
the  pancreas  is  normal,  as  are  the  suprarenals  ;  the  stomach  shows 
chronic  gastritis  ;  the  jejunum  and  ileum  are  usually  contracted  ; 
and  the  mucosa  is  often  dark  red  in  colour,  and  marked  by  small 
haemorrhagic  points,  which  indicate  the  position  of  the  bites.  The 
agchylostomes  may  be  found  in  large  numbers,  or  may  require 
considerable  looking  for.  Sometimes  they  are  firmly  attached  to 
the  mucosse.     The  kidneys  are  usually  enlarged,  pale,  and  fatty. 

Symptomatology. — ^The  first  stage  or  invasion  of  the  body  by  the 
embryos  may  be  marked  by  dermatitis  of  various  types,  papulo- 
vesicular or  pustulo-ulcerative.  The  second  stage  is  the  develop- 
ment of  a  leucocytosis  and  an  eosinophilia  before  the  definite  disease 
begins.  The  third  stage  is  when  the  anaemia  begins  to  be  appreci- 
able. 

The  patient  becomes  pale,  weak,  and  dropsical,  the  pallor  being 
most  marked  in  the  conjunctiva  of  the  lower  eyelid,  which  becomes 


Fig.   332. — Case  of  Agchylostomiasis. 
Note  the  swollen  face. 
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of  a  peculiar  dead-white  appearance.  The  emaciation  may  be 
marked,  but,  on  the  other  hand,  it  may  be  concealed  by  the  dropsy. 
In  many  cases  there  is  oedema  round  the  ankles,  and  in  others  there 
may  be  general  oedema,  with  often  ascites,  cedema  of  the  legs, 
scrotum,  or  face.  When  the  ascites  is  marked,  the  patient  has  a 
protuberant  abdomen,  and  looks  at  first  sight  not  unlike  a  person 
suffering  from  malarial  cachexia  or  kala-azar.  The  tongue  is  said 
by  some  observers  to  have  two  purplish  smears,  one  on  each  side 
of  the  median  line,  and  to  be  pigmented,  but  this  in  our  experi- 
ence can  be  seen  in  normal  natives.  The  appetite  may  be  per- 
verted and  geophagy  result,  and  in  addition  there  are  signs  of 
dyspepsia  due  to  the  chronic  gastritis,  and  there  may  be  nausea, 
vomiting,  heartburn,  and  pain  over  the  pit  of  the  stomach.  The 
bowels  may  be  constipated,  or  there  may  be  diarrhoea.  Ova  of 
Ascaris  and  Trichuris,  together  with  those  of  A^chylostoma,  are 
often  seen  in  the  faeces.  Occasionally  a  little  blood  and  muc-us  are 
present,  and  Charcot-Leyden  crystals  may  also  occur. 

Blood. — There  is  marked  anaemia,  which  has  been  shown  by 
Boycott  and  Haldane,  by  using  Haldane  and  Lorrain-Smith's 
method  of  estimating  the  total  volume  of  the  blood,  to  be  due  to  a 
hydraemia — that  is  to  say,  the  total  volume  of  the  blood  is  increased 
without  a  corresponding  increase  in  the  cellular  elements  and  haemo- 
globin. This  is  analogous  to  the  blood  condition  found  in  chlorosis, 
and  is  the  reverse  of  that  found  in  pernicious  anaemia,  the  features 
of  which  are  very  rarely  met  with  in  agchylostomiasis. 

The  counts  given  by  different  observers  vary.  Thus,  Ashford  gives  as  the 
average  of  nineteen  cases  the  following  figures  :  Erythrocytes,  1,776,000  ; 
haemoglobin,  21  per  cent.  ;  colour-index,  o-6  ;  leucocytes,  7,000;  eosinophiles, 
iO'3  per  cent.  Boycott  and  Haldane  in  seventeen  cases  found  erythrocytes 
from  4,072,000  to  1,533,000;  haemoglobin  from  58  to  17  per  cent.  ;  colour- 
index  from  071  to  0-56  ;  leucocytes  from  44,800  to  3,800  ;  polymorphonuclears, 
48-7  per  cent.  ;  lymphocytes,  14-4  per  cent.  ;  mononuclears,  5-9  per  cent.  ; 
transitionals,  7-4  per  cent.  ;  eosinophiles,  23  per  cent.  ;  mast  cells,  o-6  per 
cent.  Ashford,  King,  and  Gutierrez  found  erythrocytes  from  normal  to 
754,000  ;  haemoglobin  from  8  to  loi  per  cent.  ;  leucocytes  from  5,000  to 
10,000  ;  polyniorphonuclears,  54-5  per  cent.  ;  lymphocytes,  16-3  per  cent.  ; 
mononuclears,  8-6  per  cent.  ;  eosinophiles,  17-1  per  cent.  ;  other  forms,  3-5  per 
cent. 

The  red  cells  may  show  pathological  changes  and  poikilocytes  ; 
megalocytes  and  polychromasia  may  be  seen,  as  well  as  normoblasts 
and  megaloblasts.  The  diminution  of  the  colour-index  is  said  to  be 
the  first  pathological  sign  in  the  blood.  In  some  very  rare  cases  a 
condition  of  hyperglobulia  has  been  observed  instead  of  the  usual 
oligocaemia. 

Boycott  has  shown  that  the  principal  leucocytic  changes  are  to 
be  seen  in  the  blood  before  a  condition  of  marked  anaemia  has  set  m,. 
when  it  is  found  that  there  may  be  high  leucocytosis— -20,600  to 
56,000— with  a  very  high  eosinophile  figure  of  56-2  to  66-2  percent., 
while  the  hcemoglobin  was  from  98  to  80  per  cent.  When  anaemia 
sets  in,  a  leucocytosis  is  much  less  frequent,  being  met  with  m  cases 
in  which  ansmia  develops  quickly.     On  the  other  hand,  a  leuco- 
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penia  may  be  seen  if  the  case  is  very  anaemic.  The  reason  for  this 
alteration  from  a  high  state  of  leucocytosis  without  anaemia  to  that 
of  leucopenia  with  severe  anaemia  might  at  first  sight  be  thought 
to  be  expUcable  by  the  hydraemia  producing  the  anaemia.  Boycott, 
however,  considers  that  this  is  not  so,  for  he  points  out  that  leuco- 
cytosis can  occur  with  marked  ansmia,  and  that  there  is  always  a 
tendency  on  the  part  of  the  blood  to  restore  its  average  volume  and 
composition  when  altered  from  the  normal,  and  comparing  the 
normal  leucocytic  count  of  the  hydraemia  of  chlorosis,  says  that, 
if  there  was  no  other  factor,  the  leucocytic  count  of  agchylostomiasis 
would  not  be  affected  by  the  hydraemia. 

,  He  thinks  that  the  true  explanation  is  probably  exhaustion  of 
the  bone-marrow,  produced  by  the  anaemia,  and  partially  due  to  a 
failure  on  the  part  of  the  individual  to  react  to  the  stimulus  to 
produce  the  eosinophile  leucocytes.  In  any  case,  the  leucocytic 
reaction  does  not  bear  any  relationship  to  the  anaemia.  According 
to  Boycott  and  Haldane,  if  the  eosinophiles  are  deducted  frorn  the 
total  number  of  the  leucocytes,,  and  the  percentage  of  the  remaiiider 
then  calculated,  it  will  be  found  to  be  nearly  normal.  The  eosino- 
phiUa  has  been  found  to  remain  after  the  ova  have  quite  disappeared 
from  the  faeces.  Any  inflammatory  complication  which  leads  to  a 
polymorphonuclear  increase  may  hide  the  tnie  eosinophUia.  The 
leucocytes  are  normal  in  structure,  a  few  neutrophile,  but  no 
eosinophile  myelocytes  are  to  be  seen.  Wemberg  and  Mello  have 
shown  that  the  injection  in  guinea-pigs  of  extract  of  various  worms 
induces  a  certain  degree  of  eosinophilia. 

Reviewing  this  description  of  the  blood,  we  would  point  out  that 
it  looks  as  though  toxins  were  stimulating  the  production  of  the 
eosinophiles,  and  at  the  same  time  preventing  a  proper  formation 
of  hemoglobin,  and  finally  producing  the  hydraemia.  As  a  result 
of  the  diminution  of  the  production  of  haemoglobin,  the  iron  in  the 
liver  is  diminished. 

Patients  often  complain  of  palpitation  or  difficulty  in  breathing. 
The  lungs  will  be  found  normal,  but  the  heart  may  be  displaced 
downwards  and  to  the  left,  and  be  feeble,  with  a  hasmic  bruit  at  the 
base.  The  vessels  of  the  neck  may  be  seen  to  pulsate  markedly. 
The  pulse  is  quick,  and  may  be  weak,  thready,  dicrotic,  and 
intermittent.  The  liver  is  very  often  enlarged,  especially  in 
children. 

In  many  cases  there  is  no  fever ;  in  others  a  low  fever,  often  of 
an  intermittent  type,  is  present.  Among  the  agchylostomiasis 
patients  of  the  Colombo  clinic,  20  per  cent,  had  a  low  intermittent  or 
remittent  fever.  There  is  much  diversity  of  opinion  as  to  the 
origin  of  this  fever,  which,  according  to  the  researches  of  one  of  us,  are 
• — at  all  events,  in  some  cases — due  to  secondary  infections  from 
intestinal  bacteria,  which  probably  enter  through  the  minute  wounds 
caused  in  the  intestinal  mucosa  by  the  worms.  In  several  cases 
this  low  .fever  continues  long  after  the  patient  has  got  rid  of  the 
agchylostome  under  adequate  treatment. 
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The  urine  is  copious,  pale,  and  often  alkaline,  with  a  specific 
gravity  varying  from  loio  to  1015.  Albumin  is  rarely  seen,  but 
there  is  an  increase  of  indigo-blue  and  urobilin,  and  there  is  said  to 
be  albumosuria  at  times.  The  excretion  of  nitrogen  is  said  to  be 
much  increased.  Lussana  believes  that  there  are  toxins  in  the 
urine  which  can  be  separated  by  the  following  method :  The  urine 
is  condensed  in  a  water-bath  at  60°  C.  to  70°  C.  to  a  syrup,  and  then 
extracted  with  absolute  alcohol,  which  is  driven  off,  and  the 
residue  dissolved  in  sterilized  water,  and  injected  subcutaneously 
into  rabbits. 

This  is  believed  to  produce  diminution  of  the  red  corpuscles,  loss 
of  hsemoglobin  and  poikilocytosis,  which  speedily  disappear  on 
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Fig.  333. — Temperature-Chart  of  a  Case  op  Agchylostomiasis  Fever. 
From  a  case  in  the  Clinic  for  Tropical  Diseases. 

stopping  the  injections.  These  findings  of  Lussana  have  been 
confirmed  by  some  and  refuted  by  other  observers. 

Mental  and  physical  hebetude  are  marked,  and  other  nervous 
symptoms  may  be  observed.  Children  do  not  develop  properly, 
and  sterihty,  with  delayed  menstruation,  has  been  noted. 

Complications.— Any  intercurrent  disease  is  a  serious  compUca- 
tion,  as  also  is  pregnancy. 

Diagnosis. — ^The  diagnosis  of  early  cases,  before  the  development 
of  the  anaemia,  depends  upon  finding  the  ova  in  the  faeces. 

Anemia  in  tropical  countries,  especially  if  associated  with 
dropsy,  should  at  once  lead  the  practitioner  to  suspect  agchylosto- 
miasis. It  must  be  remembered,  however,  that  it  is  by  no  means 
easy  to  find  the  ova  in  the  faeces  at  the  first  examination,  and  that 
sometimes,  even  in  the  worst  cases,  they  require  to  be  looked  for. 
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Occasionally  it  is  useful  to  give  an  aperient  to  make  the  eggs  appear 
in  the  stools. 

Prognosis. — There  is  no  doubt  that  agchylostomiasis  is  one  of  the 
great  factors  in  producing  the  death-rate  of  a  tropical  native 
community,  very  often  because  it  is  not  diagnosed.  Ashford,  King, 
and  Gutierrez  placed  the  deaths  of  Porto  Rico  caused  by  agchylosto- 
miasis at  30  per  cent,  of  the  total  death-rate,  and  we  are  not  at  all 
surprised  at  this,  for  our  experience  indicates  that  the  disease  is 
frequently  entered  in  death  certificates  as  anaemia,  general  dropsy, 
and  malarial  cachexia. 

Treatment. — ^The  aim  of  the  treatment  is  to  kill  and  remove  the 
parasites,  and  this  can  be  effected  by  thymol,  eucalyptus  oil, 
eucalyptol,  beta-naphthol,  or  male-fern.  A  case  must  not  be  con- 
sidered cured  until  the  faeces  show  no  ova  on  repeated  examina- 
tion after  two  or  three  weeks. 

In  all  cases  the  patient  should  be  carefully  examined  as  to  the 
condition  of  all  his  organs  before  treatment  is  begun,  and  should 
be  placed  on  low  or  liquid  diet  for  a  day  or  so,  and  while  being 
treated  should  be  kept  in  bed,  and  care  taken  that  the  bowels  have' 
been  well  opened. 

Thymol,  introduced  by  Bozzolo,  should  be  given  in  cachets,  or  as 
an  emulsion.  Generally  15  to  30  grains  are  given,  and  two  hours 
later  another  15  to  30  grains,  followed  in  some  cases  by  a  third  dose 
of  15  to  30  grains  after  another  two  hours.  If  the  bowels  do  not 
act  within  four  hours  of  the  last  dose,  a  saline  aperient  should  be 
given.    The  treatment  may  be  repeated  on  the  following  day. 

Thymol  is  a  very  poisonous  drug  in  large  doses,  causing  first 
irritation  of  the  cerebral  centres,  with  excitement  and  vertigo, 
while  a  dark  colour  may  appear  in  the  urine,  or,  according  to  Blum, 
may  be  produced  by  the  addition  of  hydrochloric  acid  to  the  urine. 
According  to  the  same  authority,  this  colour  exists  in  the  form  of  a 
chromogen  in  the  urine,  the  chemical  nature  of  which  is  threefold  : 
thymolsulphuric  acid,  thymolhydrochinon  sulphuric  acid,  and 
thymolglycuronic  acid.  In  larger  doses  the  nerve  centres  are 
paralyzed,  the  blood-pressure  falls,  and  the  patient  dies  of  collapse. 

Thymol,  however,  is  very  insoluble  in  water — only  i  in  1,500  of 
cold  water — but  it  is  easily  soluble  in  alcohol,  ether,  chloroform, 
glycerine,  and  turpentine  ;  hence  no  stimulant  whatever  must  be 
given  to  a  patient  who  is  to  take  or  has  taken  th5nnol,  and  not 
merely  must  care  be  taken  not  to  order  stimulants,  but  the  nurses 
must  be  warned  of  the  danger  of  giving  them.  Thymol  is  also 
soluble  in  oil.  Hence  no  purgative  of  castor  oil  should  be  ordered 
after  its  administration.  Thymol  certainly  should  never  be  given 
if  there  is  marked  visceral  disease,  nor  do  we  think  that  it  should 
be  given  in  very  profound  anaemia — i.e.,  when  the  number  of  red 
cells  is  below  1,500,000  per  cubic  millimetre.  It  is,  however,  very 
satisfactory  in  its  lethal  action  on  the  worms,  but  the  treatment 
must  be  repeated  in  many  cases  in  a  week,  and  again  repeated  if 
ova  are  seen  in  the  faeces. 
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menrf/bv"o/n?  «^^  C^fo''o/om.-A  much  less  dangerous  treat- 
ceded  bv  La  inf  ^^"^yPt^^  .^^d  chlorofom,  which  should  be  pre- 
ceoea  by  a  sahne  purgative  given  a  few  hours  earlier. 
1  he  usual  formula  is  : 


Olei  eucalypti  . 
Chloroformis  . 
Olei  ricini 


mxxx. 
. .    mxiv. 
3x. 

STaK  an'koi^^Tv,^'^*^^'?^  ^"  ^^'  "^°™^^&'  ^"^  ^^^  ^^her  half 
of  thi,  ^w?  7}^  chloroform  is  probably  the  active  principle 

^fl.Lr^^A-  ^V^°^'  "°*  ^^^'^  ^^  satisfactorily  as  thymol,  but 
'Vl  •  ^y.'.,^°^  ^^^be  used  several  days  in  succession.  We  use  it 
often  in  children  and  debilitated  adults,  for  it  certainly  should  be  used 
m  any  case  m  which  thymol  is  contra-indicated.  Some  physicians 
prefer  eucalyptol  instead  of  the  oU  of  eucalyptus.  The  difference 
IS  tnat  eucalyptol  is  that  portion  which  passes  over  between  ^47°  F 
to  351    F.  when  the  oil  is  being  distilled  from  the  leaves. 

Beta-napMhol  can  be  given  in  cachets  in  15-grain  doses,  adminis- 
tered m  the  same  manner  as  thymol—viz.,  one  cachet  every  two  hours 
tor  two  or  three  times,  with  the  same  precautions  as  with  thymol  * 

Male-fern,  foUowed  by  castor  oil,  or  calomel,  or  infusion  of  senna, 
lias  also  been  strongly  recommended,  and  was  generally  used  before 
Bozzolo  introduced  thymol  in  1880.  The  Porto  Rico  Commission 
found  it  useless  even  in  doses  which  produced  toxic  symptoms. 

Prophylaxis,— Prophylaxis  must  be  based  upon  an  attempt  to  kill 
the  parasites  in  the  human  being,  and  to  prevent  the  infection  of 
the  human  being  by  the  parasite. 

The  first  method  is  the  most  feasible,  and  has  been  tried  on  a  large 
scale  at  Porto  Rico,  and  on  many  estates  and  in  mines.  The 
quickest  method  is  to  examine  the  people  for  anaemia,  and  treat  the 
ansemics  with  thymol,  the  eucalyptus-oil  mixture,  or  beta-naphthol, 
after  the  examination  of  the  faeces.  On  estates  the  method  of 
examining  the  blood  of  non-anaemic  persons  for  an  eosinophilia 
might  be  adopted,  as  the  worms  may  be  present  before  tlie  anaemia 
shows  itself.  The  faeces  of  persons  showing  eosinophilia  should 
then  be  examined  for  ova,  and  treatment  instituted  on  the  findings. 
Of  course  a  certain  degree  of  eosinophilia  is  also  present  in  cases  of 
ascariasis  and  other  kinds  of  helminthiasis. 

With  regard  to  the  second  method,  the  formation  and  use  of 
proper  latrines  may  do  much.  With  regard  to  estates,  tea-bushes, 
etc.,  should  not  be  allowed  to  grow  right  up  to  the  coolies'  lines, 
but  a  clear  area  should  be  left,  and  this  should  be  treated  from  time 
to  time  with  quicklime.  Further,  every  alternate  row  of  bushes 
might  be  left  out  in  the  half-acre  adjoining  the  lines,  and  in  the 
vacant  spaces  latrine-holes  lined  with  lime  might  be  dug.  The  use 
of  bucket-latrines  and  the  destruction  of  the  faeces  in  a  small  crude 

*  In  debilitated  patients  beta-naphthol  may  be  given  in  5 -grain  pills 
made  up  with  pulvis  tragacanthse  composita  and  syrup.  One  to  three  pills, 
according  to  age,  should  be  administered  early  in  the  morning  on  six  successive 
days.     No  preliminary  preparation  is  necessary. 
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incinerator  would  be  better,  and  could  be  easily  managed  on  estates. 
The  best  cheap  latrine  is  '  Bailey's  patent,'  manufactured  by  the 
Empire  Engineering  Company  of  Cawnpore,  at  a  cost  of  ii8  rupees 
for  a  two-seat,  and  360  rupees  for  an  eight-seat  latrine. 

The  figures  show  small  incinerators  in  use  in  a  mill  and  in  a 
gaol  in  Colombo,  but  it  must  be  remembered  that  faeces  require 
a  considerable  amount  of  fuel  and  a  considerable  draught  before 
they  are  properly  burnt.  There  is,  however,  no  need  to  go  to  great 
expense,  and  a  simply-constructed  incinerator  wUl  often  work  well, 
if  a  little  smell  is  not  objected  to.  In  order  to  calculate  the  size  of 
latrine  required,  it  must  be  remembered  that  an  Indian  community 
is  estimated  to  pass  8  ounces'"^of  faecal  matter  per  diem  in  a  mixed 


Fig.  334. — A  Cheap  and  easily  constructed  Incinerator. 

population  of  races,  sexes,  and  ages,  and  40  ounces  of  urine.  The 
usual  size  of  a  galvanized  iron  latrine-bucket  is  14  inches  high  by 
12  inches  broad  at  the  mouth  and  9  inches  at  the  base,  and  it  has  a 
cubic  capacity  of  0-9  cubic  foot,  and  is  said  to  weigh  10  pounds 
when  full.  Coir  fibre  is  often  mixed  with  the  faecal  matter  in  the 
proportion  of  2|  pounds  of  coir  to  i  pound  of  faecal  matter  or  i  gallon 
of  urine. 

Messrs.  Freudenberg  and  Company,  of  Colombo,  use  a  simple  incinerator, 
and  they  have  kindly  supplied  us  with  the  following  details  of  their  process, 
which  is  carried  out  at  night  : 

Average  number  of  buckets  of  faecal  matter  burnt  per  night,  20. 
Average  weight  contents  of  a  bucket,  26  pounds. 
Average  quantity  of  ash  left  after  burning  the  above,  5  buckets. 
Average  amount  of  coir  dust  used  per  bucket,  2  pounds. 
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Average  amount' of  firewood  used  per  burning,  2  hundredweight 
Average  amount  ot  rubbish  burnt'^at  the  same  time,  togTtfer  with  a 

few  old  gunny  bags,  ij  hundredweight. 
Average  number  of  cooUes  whose  faecal  matter  is  dealt  with,  400. 
Latrme  coolies  at  62J  cents  per  diem  to  do  the  work  2  '  ^        - 

+,f£tr.*^^*,='  P-""-  ^""^i?  ^"'"'^^'^  ^y  8  a.m.  ;  the  highest  tempera- 
ture recorded  was  1,050°  C.  ■-  ■  e>  j:- 

selrXr^^trt,?;  °^  course,  be  separated  from  the  faeces  by  using  a  Donaldson's 
separator  latrme.     The  unne  can  then  be  disposed  of  by  burial,  and  the  faeces 


Fig.   335. — Another  Cheap  and  easily  -constructed  Incinerator. 

There  is  no  doubt  that  some  such  method  would  have  excellent  results  in 
deaUng  with  the  problem  in  small  communities  and  estates  if  carried  out 
properly. 

Badly  infected  lands  might  be  treated  with  Hme.  It  has  been  recommended 
that  coolies  should  protect  their  feet  by  first  dipping  them  in  a  bucket  of 
tar,  and  then  in  one  with  sand. 

The  method  of  deaUng  with  a  large  community  is  best  exemplified 
by  quoting  the  excellent  work  of  the  two  Porto  Rico  Commissions, 
temporary  and  permanent,  the  former  consisting  of  Ashford,  King, 
and  Igaravdez,  and  the  latter  of  Igaravdez,  Martinez,  and  Sein  y  Sein. 
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Patients  attend  at  a  central,  or  one  of  the  outlying  depots  or  dispensaries, 
where  their  stools  are  examined,  and  they  are  given  medicines,  and  card  with 
the  following  instructions  : 

: .  .Take  one  of  the  two  purgatives  given  to  you  to-night  (sodium  sulphate) . 

2.  Take  at  6  a.m.  to-morrow  half  the  capsules  [all  the  capsules  equal  45  to 
60  grains  (3  to  4  grammes)  of  thymol,  or  23  to  45  grains  (i'5  to  3  grammes)  of 
|8-naphthol]. 

3.  Take  the  other  half  at  8  a.m.  the  same  morning. 

4.  Take  the  other  purgative  at  10  a.m. 

5.  You  should  neither  drink  wine  nor  any  alcoholic  liquor  during  the  time 
you  are  taking  these  medicines. 

6.  Come  for  more  medicines  until  the  physician  says  you  are  cured. 

7.  Have  a  privy  in  your  house.  Do  not  defecate  on  the  surface  of  the 
ground,  but  in  the  privy. 

8.  Do  not  walk  barefooted,  so  that  you  may  avoid  catching  mazamorra  in 
your  feet.     Wear  shoes,  and  you  will  never  sufier  from  anaemia. 

In  addition,  farmers  were  requested  to  stop  the  pollution  of  the  ground,  and 
to  introduce  the  use  of  shoes. 

The  result  was  that  1 1  per  cent,  of  the  population  were  treated  in  the  year 
1906-07  (89,233),  and  of  these,  25-7  per  cent,  were  cured,  i7'4  per  cent, 
practically  cured,  40*5  per  cent,  were  under  treatment,  i6"2  per  cent,  ceased 
to  return,  and  0-2  per  cent,  died,  at  a  total  cost  of  ;£9,6oo,  of  which  £7,200 
went  in  salaries  and  ;^i,ioo  in  drugs. 

Again,  the  highest  credit  must  be  given  to  the  Americans  for  the  fearless 
way  in  which  they  spend  money  on  the  prevention  of  disease,  and  the  free 
hand  which  they  give  to  the  sanatarian  in  the  tropics. 

Aseariasis. 

Definition.  —  Aseariasis  is  infection  with  Ascaris  lumbricoides 
Linnaeus  1758,  Toxascaris  canis  Werner  1782,  or  Belascaris  mystax 
Zeder  1800,  the  first  named  being  much  the  most  common. 

Symptomatology. — ^The  symptoms  may  be  nil,  or  may  resemble 
those  of  cestode  infections,  being  partly  gastro-intestinal,  partly 
reflex,  while  skin  irritation  and  eruptions  may  also  be  present.  If, 
however,  the  number  of  parasites  be  very  considerable,  signs  of 
toxic  poisoning,  or  even  of  intestinal  obstruction  from  interlacing 
of  the  worms,  may  develop,  but  the  great  danger  is  from  the 
wandering  of  the  parasites.  If  they  wander  up  the  bile-duct  and 
into  the  liver,  they  may  cause  abscesses  in  the  liver.  We  have 
found  as  many  as  eleven  worms  in  the  bile-duct,  with  a  large 
number  in  the  liver,  three  of  which  lay  in  abscess  cavities.  They 
may  also  enter  the  duct  of  Wirsung,  and  cause  slight  inflammation 
of  the  pancreas,  or  go  into  the  appendix,  and  cause  appendicitis. 
Further,  they  may  pierce  the  bowel  in  cases  of  ulcerative  conditions 
of  the  bowels,  and  enter  the  peritoneum  or  the  bladder,  or  enter  the 
lung,  the  nose,  or  the  ear  by  the  Eustachian  tube — in  fact,  they  may 
wander  all  over  the  body.  The  observer  must,  however,  be  careful 
to  distinguish  between  the  post-mortem  and  ante-mortem  wanderings 
of  these  worms ;  in  the  former  case  the  worms  are  generally  found 
alive.  The  most  important  reflex  symptoms  are  the  convulsions  so 
commonly  met  with  in  children.  We  have  seen  cases  of  fever  re- 
senibling  typhoid  (typho-lumbricosis)  which  on  post-mortem  ex- 
amination have  shown  no  lesions  of  typhoid,  but  enormous  numbers 
of  ascaris. 
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Diagnosis  will  depend  upon  the  discovery  of  the  eggs  in  the  feces. 

Treatment.— The  best  treatment  is  santonin,  with  some  form  of 
purgative.  Usually  santonin  is  mixed  with  an  equal  quantity  of 
calomel,  and  given  in  doses  of  i  to  3  grains  for  an  adult,  and  i  grain 
for  every  year  of  life  for  a  child.  The  dose  is  given  every  morning 
for  two  or  three  days,  and  repeated  again  in  a  week  if  eggs  still 
appear  in  the  faces.  It  is  as  well  to  remember  that  santonin  may 
cause  blue  or  yellow  vision. 

Oxyuriasis. 

Definition. — Oxyuriasis  is  infection  with  Oxyuris  vermicularis 
Linnaeus  1767,  and  is  common  all  over  the  world. 

Symptomatology. — The  symptoms  are  irritation  in  the  region  of 
the  anus,  with  sometimes  a  distinct  entero-colitis,  and  sometimes 
slight  fever.  It  is  usually  stated  that  there  is  a  sense  of  irritation 
ia  the  nose.  The  diagnosis  is  to  be  made  by  finding  the  worms  in 
the  motions  after  a  purgative.  In  girls  the  worms  may  enter  the 
vagina  and  cause  vaginitis. 

Treatment. — -The  gravid  females  can  be  killed  by  rectal  injections 
of  quassia,  but  the  young  forms  require  internal  treatment  with 
santonin  and  calomel,  as  described  under  Ascariasis.  Flynn  recom- 
mends sulphur  (gr.  iii.)  three  times  a  day  in  adults,  and  gr.  i.ss.  in 
children,  given  as  a  cachet  or  lozenge.  A  10  to  20  per  cent,  calomel 
ointment  may  be  applied  to  the  anus,  or  iodoform  and  naphthalin 
suppositories  may  be  used. 

Gordiacea  and  Acanthocephala. 

Infections  with  species  of  the  Gordiacea  and  Acanthocephala  are  rare. 
Treatment  would  be  on  the  same  lines  as  '  ascariasis. ' 

Diplopodiasis  and  Chilopodiasis. 

Diplopodiasis  and  chilopodiasis  are  rare  and  unimportant,  giving  rise  to 
intestinal  pains  and  diarrhoea.  The  diagnosis  is  only  possible  on  discovery 
of  the  parasites  in  the  faeces.  The  treatment  is  the  chloroform  mixture,  as 
for  agchylostomiasis. 

Myiasis. 

Myiasis  is  also  comparatively  unimportant.  It  causes  intestinal  disturb- 
ances, diarrhoea  and  abdominal  pains,  as  already  described  in  Chapter  XX. 
Only  the  discovery  of  the  larvae  makes  the  diagnosis  possible.  The  treatment 
is  castor  oil. 

Scoleeiasis. 

Scoleciasis  is  the  infection  with  the  larvae  of  beetles,  and  is  very  rare. 

The  Vomiting  Sickness  ol  Jamaica. 

Under  this  heading  Turton,  in  1904,  described  a  disease  of  children  in  the 
West  Indies  which,  apparently,  he  considered  to  be  a  separate  pathological 
entity.  Recently  Branch  has  given  an  account  of  the  same  disease,  but 
regards  it  rather  as  a  series  of  symptoms  which,  if  full  investigation  were 
possible,  might  be  found  to  be  merely  those  of  some  known  disease. 

The  aetiology  is  unknown,  and  the  post-mortem  appearances  are  merely 
those  of  enlargement  of  the  vessels  of  the  brain  and  spinal  cord,  hypostatic 
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congestion  of  the  lungs,  congestion  of  the  mucosae  of  the  stomach  and  intes- 
tines, with  the  presence  of  a  dark  slimy  substance  in  the  lumen. 

The  disease  is  found  in  children  from  a  few  months  up  to  nine  to  ten  years 
of  age,  and  usually  in  the  months  of  December  to  March.  It  attacks  more 
than  one  member  of  a  family  as  a  rule,  and  is  apparently  always  associated 
with  Ascarides. 

The  history  appears  to  be  as  follows  :  Somewhere  about  midnight  a  child 
wakes  up,  and  complains  of  pains  in  its  stomach,  and  in  a  little  time  it  vomits 
its  last  meal.  This  gives  temporary  relief,  but  sooner  or  later  the  vomiting 
commences  again,  and  consists  of  frothy  mucus,  accompanied  at  times  with 
fever.  Usually  the  patient  recovers,  but  not  unfrequently  the  child  passes 
into  a  state  of  collapse,  with  cold  sweats,  weak,  rapid  pulse,  and  shallow, 
irregular  respirations,  and  death  ensues,  being  preceded  by  convulsions. 

The  best  treatment  is  santonin  and  calomel,  followed  by  quinine. 

Earth-Eating. 

Synonyms. — Geophagy,  Mai  d'estomac  (French). 

Earth-eating  is  common  in  many  parts  of  the  tropics,  especially  in  children 
and  pregnant  women.  It  is  believed  to  be  acquired  by  the  children  being 
left  to  crawl  about  and  eat  anything  which  comes  to  hand.  It  is  also  acquired 
by  being  taken  as  a  remedy  for  syphilis  and  other  diseases. 

Christopherson  says  that  it  is  common  in  the  Sudan,  where  two  forms  of 
earth  are  eaten  :  (i)  karkooti  (Nile  mud)  ;  (2)  taffel  (some  form  of  calcium 
carbonate). 

The  symptoms  are  usually  emaciation  and  anaemia,  with  pain  in  the 
epigastrium,  and  a  sensation  of  hunger,  while  constipation  is  common. 
Earth-eaters  frequently  suffer  from  agchylostomiasis. 
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CHAPTER  XLIII 

DISEASES    OF    THE    ALIMENTARY    CANAL 
{conimued)—SF RUE  AND  HILL  DIARRHCEA 

sprue — Hill  diarrhoea. 

SPRUE. 

Synonyms. — Ceylon  Sore  Mouth,  Aphthoides  Chronica,  Tropical 
Aphthae,  Impetigo  Primarum  Viarum,  Diarrhoea  Alba,  PsUbsis 
Linguae  et  Mucosae  Intestini,  Endemic  Diarrhoea. 

The  term  '  sprue  '  is  a  phrase  used  in  Holland  and  Scotland  for 
aphthous  stomatitis  in  children,  and  was  applied  to  this  disease  by 
Manson  and  Van  der  Burg,  the  latter  calling  the  disease  in  Batavia 
'  Indische  spruw.' 

Definition. — Sprue  is  a  chronic  catarrhal  inflammation  of  the 
alimentary  canal,  of  unknown  cause,  characterized  by  a  peculiar 
ulcerative  condition  of  the  tongue  and  mouth,  and  by  the  passage 
of  large,  pale,  frothy  motions,  the  symptoms  waxing  and  waning 
periodically. 

History. — Hillary,  of  Barbadoes,  in  1766,  in  a  most  remarkably 
able  manner,  describes  the  disease  for  the  first  time  under  the  name 
'  aphthoides  chronica.'  His  account  is  well  worth  reading,  and 
there  can  be  no  possible  doubt  that  his  description  refers  to  the 
disease  we  now  call  sprue.  The  Indian  physicians  Twining  (1835), 
Grant  (1854),  Cunningham  (1877),  mention  symptoms  indicating 
that  they  were  acquainted  with  a  disease  of  this  nature. 

At  the  same  time — i.e.,  1864  to  1883 — French  physicians  noted 
a  peculiar  form  of  diarrhoea,  commonly  met  with  in  Cochin  China, 
which  perplexed  them  considerably,  a  large  number  believing  that 
it  was  dysenteric  in  nature,  while  others  considered  that  it  was 
probably  a  new  disease. 

In  1880  Manson  was  the  first  after  Hillary  to  clearly  define  the 
disease,  which  he  called  sprue  ;  and  in  the  same  year,  and  inde- 
pendently, Van  der  Burg  described  it  under  the  term  '  Indische 
spruw '  in  Batavia.  In  the  next  year  (1881)  Sir  Joseph  Fayrer 
delivered  the  Lettsomian  Lectures  on  chronic  white  tropical  diarrhoea. 
These  three  authors  permanently  established  the  disease  as  a  clinical 
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entity.  Since  then  many  important  papers  and  articles  have 
appeared,  notably  Roux's  '  Traite '  in  1888,  and  Thin's  '  Psilosis  ' 
m  1897.  The  most  modern  account  with  a  full  history  is  Brown's 
monograph  (1908). 

Climatology.— The  endemic  home  of  sprue  appears  to  be  Asia, 
especiaUy  Malaya,  Sumatra,  Java,  Siam,  and  Annam  ;  but  it  also 
extends  mto  Burma,  India  and  Ceylon,  China,  Australia  (East  and 
South),  New  Caledonia,  the  Fiji  Islands,  and  Japan.  Possibly  it 
exists  in  the  West  Indies,  where  Hillary  originally  described  it,  and 
it  may  occur  all  through  the  tropics ;  but  if  so,  it  must  be  rare  in 
certain  regions — as,  for  example,  West  Africa. 

•Etiology. — The  cause  of  sprue  is  quite  unknown,  though  there  are 
many  theories.  Thus  Thin  and  Macf adyen  found  at  times  a  special 
form  of  bacillus  in  the  faeces,  and  noted  the  comparative  absence 
of  Bacillus  coli  communis  ;  but  no  organism  has  as  yet  been  shown 
to  have  a  definite  causative  action.  Strongyloides  stercoralis  has 
been  noted  in  the  motions,  but  is  not  the  cause  of  the  disease. 
Dysentery  is  not  causative  ;  at  the  most  it  can  only  be  a  predisposing 
cause  of  certain  cases. 

According  to  some  observers,  the  disease  is  caused  by  bacilli  of 
the  coli  group  which  only  come  into  action  after  attacks  of  dysentery. 
According  to  others,  the  malady  is  due  to  some  species  of  saccharo- 
myces.  Bassett  Smith  believes  the  disease  to  be  a  cirrhosis  of 
the  mucosae,  due  to  the  action  of  bacteria.  Van  der  Scheer's  theory 
that  the  disease  is  a  sequel  of  appendicitis  is  in  our  opinion  un- 
tenable. 

Pathology. — With  an  unknown  causation,  it  is  not  easy  to  write 
an  account  of  the  pathology.  It  would  appear  as  though  the 
primary  lesions  are  beneath  the  epithelium  in  both  the  tongue  and 
the  intestine,  and  cause  the  superficial  desquamation  and  catarrh. 
In  the  intestine  the  disease  begins  with  submucous  congestion,  after 
which  follows  thrombosis  of  the  vessels,  and  exudation  of  haemo- 
globin, and  a  round-celled  infiltration.  The  mucosa  suffers  because 
its  blood-supply  is  damaged,  and  therefore  necrosis  takes  place, 
the  glands  and  villi  being  affected.  The  oesophagus  and  stomach 
also  suffer.  The  liver  is  at  first  enlarged  and  congested,  but  later 
becomes  atrophied  and  small.  The  fact  that  the  tongue,  oesophagus, 
stomach,  and  intestines  are  affected  would  indicate  that  something 
deleterious  is  being  carried  by  the  blood-stream  to  these  organs, 
rather  than  that  something  is  acting  from  the  surface.  The  irrita- 
tion of  the  liver  may  be  due  to  the  same  cause. 

When  once  the  mucosae  are  damaged,  the  chemical  processes  of 
digestion  and  the  absorption  of  their  products  must  be  interfered 
with,  while  at  the  same  time  the  absorption  of  poisons  from  the 
alimentary  canal  must  be  easier.  Indeed,  there  is  evidence  of  this 
in  the  increase  of  indigo  blue  in  the  urine,  which  is  at  times  marked. 

These  two  conditions  would  lead  to  an  atrophy  of  the  liver,  which 
organ  is  one  of  the  great  safeguards  against  a  toxemia  of  intestinal 
origin.     When  the  liver  is  sufficiently  damaged,  a  toxaemia  is  pos- 
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sible,  and  occurs  ;  hence,  possibly,  the  advantage  of  the  treatment 
by  liver-soup  or  other. preparations  of  liver. 

The  damaged  condition  of  the  mucosa  oi  the  mouth  and  tongue 
makes  mastication  difficult.  The  denuded  condition  of  the 
CESophagus  causes  the  burning  pain  during  swallowing  ;  the  con- 
dition of  gastric  and  intestinal  mucosae  causes  the  dyspepsia  and 
diarrhoea  of  the  disease.  The  diarrhoea  is  characterized  by  pale, 
frothy  motions,  the  explanation  of  which  is  as  follows  : 

On  opening  the  bowels  post  mortem,  the  observer  is  struck  by 
the  fact  that,  though  there  may  be  plenty  of  bile  in  the  duodenum 
and  in  the  higher  portions  of  the  bowel,  this  gradually  disappears 
until,  in  the  lower  parts  of  the  small  intestine,  the  contents  appear 
white.  In  normal  faeces  bilirubin  should  be  changed  into  sterco- 
bilin  (hydrobilirubin),  which  is  urobilin,  and  is  identical  with  that 
found  in  the  urine. 

Vaughan  Harley  has  shown  that  in  the  upper  third  of  the  small 
intestine  the  normal  faeces  are  of  a  -yellowish  colour,  due  to  bili- 
rubin. In  the  middle  third  they  are  of  a  whitish  or  greyish  colour, 
probably  owing  to  the  bile-pigments  being  converted  into  chromo- 
gens,  which  become  green  in  the  lower  third.  After  passing  the 
ileo-caecal  valve,  the  bile-pigments  are  converted  into  urobilin  by 
the  action  of  putrefactive  bacteria,  but  a  considerable  quantity  of 
this  is  in  the  form  of  a  chromogen.  If  the  pancreatic  juice  is 
absent,  a  colourless  form  of  urobilin  is  found,  called  leuco-urobUin, 
which,  on  oxidation  by  air,  may  be  reconverted  into  urobilin.  It 
would  appear,  therefore,  that  the  intestinal  flora  has  altered  its 
character  in  sprue,  probably  owing  to  some  abnormality  in  the 
pancreas  or  the  bowel. 

Morbid  Anatomy. — The  body  is  emaciated,  and  the  skin  often 
hangs  loosely,  and  there  may  be  oedema  about  the  ankles.  The 
tongue  shows  small  areas  of  infiltration  into  the  connective  tissue, 
vesicles,  and  small  ulcers.  The  filiform  papillae  atrophy,  and  the 
fungiform  papillae  become  swollen  and  prominent.  The  pillars 
of  the  fauces  and  the  tonsUs  may  show  subepithelial  inflammation, 
and  even  suppuration  and  ulceration.  The  oesophagus  is  inflamed, 
and  its  mucosa  is  attenuated  in  places.  The  mucosa  of  the  stomach 
may  be  pale  and  atrophied,  or  rough  and  cirrhotic.  The  mucosa 
of  the  small  intestine  may  be  slightly  eroded,  or  may  be  so  de- 
stroyed that  the  whole  bowel  is  diaphanous  with  vascular  arboriza- 
tions ;  or  there  may  be  effusion  into  the  solitary  and  agminated 
glands.  The  contents  are  bile-stained  in  the  upper  parts,  and 
whitish  lower  down.  The  large  bowel  may  be  ulcerated.  The 
liver  is  atrophied,  but  otherwise  normal.  The  pancreas  may  be 
normal,  inflamed,  or  cirrhotic.  The  peritoneum  may  be  thickened 
and  chronically  inHamed,  and  in  some  cases  show  adhesions.  The 
other  organs  are  normal  as  a  rule,  but  sometimes  they  are  atrophied. 
Symptomatology. — The  incubation  period  of  sprue  is  quite  un- 
known, and  the  onset  is  insidious,  without  marked  symptoms, 
which  are  usually  merely  failing  strength  and  an  undefined  sense 
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of  illness.     The  disease  may  begin  with  diarrhoea  and  intestinal 
symptoms,  or  with  mouth  symptoms  only. 

Usually  it  begins  with  slight  attacks  of  sore  mouth,  indigestion, 
and  morning  diarrhoea,  often  of  a  bilious  nature  ;  but  as  none  of 
these  are  severe,  and  all  are  evanescent,  the  patient  thinks  little  or 
nothing  about  them,  and  does  not  consult  a  medical  man  until 
the  disease  is  well  established.  Three  symptoms  now  worry  the 
patient — viz.,  sore  mouth,  indigestion,  and  morning  diarrhoea. 

On  examining  the  mouth,  the  dorsum  of  the  tongue  will  be  seen 
to  have  a  whitish  fur,  through  which  the  swollen  fungiform  papillae 
are  projecting.  The  sides  and  tip  of  the  tongue  are  red  and  in- 
flamed, with  often  small  vesicles,  small  ulcers,  and  bare  patches, 
which  are  very  tender.  Similar  patches  may  be  noted  under  the 
tongue  near  the  frenum,  on  the  inside  of  the  cheeks,  on  the  palate, 
and  on  the  pillars  of  the  fauces.  A  little  ulcer,  called  Crombie's 
molar  ulcer,  may  be  seen  near  the  two  last  upper  or  lower  molar 
teeth.  So  tender  is  the  mouth  at  times  that  deglutition,  mastica- 
tion, warm  or  spiced  foods,  acid  or  alcoholic  liquors,  cause  much 
pain.  In  addition,  mucus  may  be  noticed  clinging  to  the  pillars 
of  the  fauces  and  to  the  back  of  the  pharynx.  This  mucus  is  a 
source  of  great  distress  to  the  patient,  as  it  accumulates  in  con- 
siderable quantities,  especially  if  some  warm  fluid  has  been  taken, 
and  the  effort  to  get  rid  of  it  makes  him  almost  sick.  On  swallowing 
food,  a  burning  pain  is  felt  along  the  course  of  the  oesophagus  and 
over  the  sternum,  as  though  there  was  something  raw  inside  (as, 
indeed,  there  is).  The  voice  is  said  by  Thin  to  be  altered  at  times, 
but  we  have  not  specially  noted  this. 

The  neck,  thorax,  and  arms  may  show  signs  of  emaciation.  The 
abdomen  is  swollen,  sometimes  markedly  so,  especially  in  the 
epigastric  region,  and  the  wall  is  soft  and  relaxed.  The  patient 
complains  of  dyspeptic  symptoms — -viz.,  a  sensation  of  discomfort 
and  distension 'after  meals,  with  acid  eructations,  and  sometimes 
vomiting.  Early  in  the  morning  he, feels  symptoms  of  intestinal 
discomfort,  and  passes  a  few  copious,  greyish,  offensive,  frothy 
motions,  and  no  more  for  the  rest  of  the  day.  After  these  motions 
he  may  feel  much  better,  and  have  a  good  appetite. 

Examination  of  the  fseces  shows  mucus,  epithelial  debris,  and 
many  bacteria,  and  in  some  cases  eggs  of  various  worms  may  be 
present.  The  quantity  of  faeces  passed  varies  with  each  motion, 
but  is  in  excess  of  the  normal,  this  being  due  to  solids  rather  than 
liquids.     The  excretion  of  nitrogen  and  fat  is  increased. 

The  most  complete  analysis  of  urine  and  f^ces  has  been  carried  out  by 
V  Harley  and  Goodbody.  The  patient,  weighing  36-87  kilogrammes,  was 
on  a  milk  diet,  containing  12-99  grammes  of  nitrogen,  76-44  grammes  of  fat 
82-^2  grammes  of  carbohydrates,  and  1,960  c.c.  of  fluid.  The  urme  passed 
measured  1,050  c.c.  ;  specific  gravity  1.012  ;  urea,  16-8  grammes  ;  unc  acid, 
0-8  gramme  ;  ammonia,  0-44  gramme  ;  phosphates,  1-27  grammes  ;  chlorides, 
r8o Vammes.  Total  sulphates,  1-47  grammes,  of  which  1-35  grammes  were 
alkaline  and  0-12  aromatic.  The  average  daily  quantity  of  the  motions  was 
2,-;  grammes,  of  which  7946  were  water,  1-47  nitrogen.  35-92  fat.  The 
^■'   ^  bo — 2 
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nitrogen  given  in  the  food  was  12-99  grammes,  and  that  in  the  faeces  I '47 
grammes  ;  therefore  88-68  per  cent,  had  been  absorbed.  The  fat  in  the 
food  was  76-44  grammes,  and  that  in  the  fseces  35-92  grammes  ;  therefore 
53-01  per  cent,  had  been  absorbed.  The  colour  of  the  faeces  was  greyish-green 
to  greyish-white,  but  gave  a,  distinct  urobilin  reaction,  due  to  the  leuco- 
urobilin.  Schmidt's  test  for  urobilin  is  performed  by  adding  a  concentrated 
solution  of  perchloride  of  mercury  to  the  fseces,  when  a  bright  red  colour  is 
developed  if  urobilin  is  present.  If  there  is  much  urobilin,  the  colour  appears 
within  five  minutes  ;  if  little,  in  five  to  fifteen  minutes  ;  if  very  little,  in  half 
an  hour.  The  colour  deepens  for  twenty-four  hours.  More  analyses  on  the 
above  lines  are  required.  With  regard  to  the  stomach,  at  times  there  is  said 
to  be  complete  achlorhydria  (Manson). 

The  blood  coagulates  slowly,  and  there  is  always  some  reduction 
of  the  red  cells,  which  may  fall  as  low  as  3,000,000  to  1,000,000  pefi: 
cubic  millimetre.  The  colour-index  is  low,  and  the  structure  of 
the  cells  is  normal.  The  white  cells  are  also  reduced  to  about 
6,000  to  2,800  per  cubic  millimetre.  The  ratio  of  white  to  red  is 
about  I  to  400  in  bad  cases.  A  differential  count  shows  an  increase 
in  the  mononuclears  and  eosinophiles. 

The  urine  requires  more  investigation,  but  as  far  as  evidence 
goes  at  present  it  is  not  abnormal,  showing  only  an  increase  in 
indigo  blue  and  urobilin,  and  at  times  Cammidge's  reaction  for 
pancreatitis. 

The  buccal,  intestinal,  and  other  symptoms  may  markedly  im- 
prove, even  without  treatment,  but  only  to  get  worse  again  ;  and 
this  is  repeated  time  after  time. 

In  due  course  the  patient  becomes  very  emaciated,  weak  physi- 
cally, and  depressed  and  irritable  mentally.  The  skin  becomes 
harsh ;  the  mucosae  anaemic ;  the  tongue  becomes  smooth,  glazed, 
reddish-yellow,  and  small,  and  is  often  furrowed  by  cracks  ;  indi- 
gestion is  marked ;  and  the  diarrhoea  is  worse.  The  patient  con- 
tinues to  lose  weight,  and  emaciates  rapidly,  the  skin  hanging  in 
loose  folds,  the  abdomen  blown  out  with  gas,  the  liver  small  and 
atrophied,  the  ankles  cedematous,  while  the  pulse  becomes  slow 
and  feeble. 

After  this  has  gone  on  for  a  long  time,  the  emaciated,  worn-out, 
irritable  person  dies  of  an  acute  attack  of  diarrhoea  or  cardiac 
failure.  Sprue  is  essentially  a  chronic  disease,  with  remissions, 
intermissions,  and  recurrences,  but,  unless  taken  seriously  in  hand, 
goes  steadily  from  bad  to  worse. 

Some  writers  distinguish  three  stages — a  first  stage,  with  oral 
and  dyspeptic  symptoms ;  a  second  stage,  with  marked  intestinal 
symptoms ;  and  a  third  stage,  with  toxaemia,  emaciation,  and 
anaemia  ;  while  cases  are  sometimes  seen  which  are  atypical — that 
is  to  say,  where  there  are  the  mouth  symptoms  without  the  intes- 
tinal symptoms,  and  vice  versa. 

Complications. — ^The  complications  met  with  in  the  course  of  the 
disease  are  :  Acute  diarrhoea  ;  dysenteric  diarrhoea  ;  haemorrhage  ; 
meteorism  ;  pancreatitis  ;  myalgia  ;  insomnia  ;  helminthiasis,  espe- 
cially agchylostomiasis  ;  impacted  faeces  ;  chronic  appendicitis  ; 
jaundice  ;  diabetes  ;  and  pernicious  anaemia. 
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Diagnosis.— The  diagnosis  of  the  disease  is  to  be  based  upon  the 
irregular  chronic  diarrhoea  occurring  especially  in  the  morning,  and 
associated  with  flatulent  dyspepsia,  causing  distension  of  the 
abdomen,  and  the  passage  of  fermenting,  abundant,  clay-coloured 
motions.  With  these  symptoms  there  will  be  progressive  emacia- 
tion and  anaemia,  and  when  to  these  the  characteristic  mouth- 
lesions  occurring  in  a  person  living  in  the  tropics  are  added,  it  is 
indeed  difficult  to  imagine  any  disease  with  which  it  could  possibly 
be  confounded.  Van  der  Scheer  considers  that  the  discovery  of 
fat  in  the  motions  is  a  diagnostic  sign  before  the  disease  begins  ; 
but  this  condition  may  also  be  found  in  pancreatitis.  Low  says 
that  the  so-called  psilosis  pigmentosa  of  Barbadoes  is  pellagra. 
The  diseases  from  which  sprue  should  be  distinguished  are  stoma- 
titis, hill  diarrhoea,  chronic  dysentery,  and  chronic  pancreatitis. 

Stomatitis. — All  forms  of  stomatitis  are  very  common  in  the 
tropics,  and  may  be  accompanied  by  intestinal  s5miptoms  such  as 
diarrhoea.  The  stools,  however,  do  not  show  the  peculiar  charac- 
teristics of  sprue — viz.,  the  white  colour,  the  frothy  appearance, 
and  the  copious  amount  passed  in  the  twenty-four  hours. 

Thrush. — This  is  easily  diagnosed  by  examination  of  the  white 
patches,  in  which  Endomyces  albicans  will  be  found.  It  is,  how- 
ever, to  be  noted  that  in  long-standing  cases  of  sprue,  as  in  all 
chronic  complaints,  thrush  may  develop. 

Hill  Diarrhoea. — The  patient  generally  gives  a  history  of  residence 
at  a  high  elevation,  and  the  diarrhoea  is  as  a  rule  present  only  in 
the  morning,  while  mouth  symptoms  are  absent.  We  have,  how- 
ever, seen  several  patients  in  whom  sprue  has  developed  after  re- 
peated attacks  of  what  to  all  appearance  was  simply  hill  diarrhoea. 

Chronic  Dysentery. — In  chronic  dysentery  there  is  an  absence  of 
the  mouth  symptoms,  while  the  motions  are  not  whitish  in  colour, 
and  may  contain  blood  and  mucus  during  the  exacerbations.  The 
diarrhoea  of  dysentery  is  generally  accompanied  by  griping,  while 
that  of  sprue  is  not.  In  chronic  dysentery  pain  is  often  felt  on 
pressure  over  the  sigmoid  and  descending  colons.  In  some  cases 
microscopical  and  bacteriological  examination  of  the  stools  for 
entamcebae  and  the  Shiga-Kruse  bacillus  may  be  necessary  to  clear 
the  diagnosis. 

Though  personally  we  consider  sprue  and  chronic  dysentery  to 
be  different  diseases,  still  we  have  seen  several  cases  of  sprue 
developing  in  old-standing  cases  of  chronic  dysentery. 

Chronic  Pancreatitis. — ^Absence  of  the  mouth  symptoms  of  sprue 
and  presence  of  tenderness  in  the  region  of  the  epigastrium  and 
the  passage  of  large  quantities  of  fat  in  the  motions,  together  with 
Cammidge's  crystals  in  the  urine,  will  enable  the  diagnosis  of 
chronic  pancreatitis  to  be  made. 

Prognosis. — ^The  prognosis  in  any  case  of  sprue  is  serious,  because, 
unless  the  patient  will  honestly  co-operate  with  the  doctor,  he  will 
go  from  bad  to  worse.  We  are  of  the  opinion  that,  no  matter  how 
mild  the  case  may  be,  the^  patient^should  be  warned  of  the  danger. 
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If  treatment  is  properly  carried  out,  the  prognosis  improves  con- 
siderably, but  even  then  relapses  are  apt  to  occur. 

Treatment. — The  causation  of  the  disease  being  unknown,  the 
treatment  must  be  symptomatic. 

An  attempt  must  be  made  to  soothe  the  alimentary  canal,  and 
to  give  it  as  little  work  to  do  as  possible,  so  that  it  may  repair  itself. 
This  line  of  treatment  will  necessitate  rest  in  bed  and  a  careful  diet, 
after  the  bowels  have  been  swept  as  clear  as  possible  of  decom- 
posing material. 

While  this  is  proceeding,  care  must  be  taken  to  avoid  chills,  as 
they  aggravate  the  disease.  Lastly,  an  attempt  should  be  made 
to  treat  those  symptoms  which  worry  and  annoy  the  patient. 

The  treatment,  therefore,  may  be  classified  into — 

1.  The  Co-operation  of  the  Patient. 

2.  Rest  in  Bed. 

3.  Suitable  Clothing. 

4.  Removal  of  Fermenting  Bowel  Contents. 

5.  Diet. 

6.  Medical  Treatment. 

7.  Change  of  Climate. 

1.  The  Co-operation  of  the  Patient. — The  nature  of  the  com- 
plaint and  the  dangers  which  the  patient  runs  must  be  carefully 
explained  to  him,  and  the  line  of  treatment  sketched  out.  Further, 
he  must  be  told  that  its  success  or  failure  largely  lies  in  his  own 
hands.  If  he  has  not  the  strength  of  will  to  persevere,  even  when 
at  first  success  seems  far  from  certain,  he  might  as  well  not  begin. 
If  he  agrees  to  co-operate,  then  he  must  be  carefully  weighed,  and 
a  chart  kept  of  his  weights. 

2.  Rest  in  Bed. — The  second  point  is  that  the  patient  must 
remain  in  bed  for  a  little  time,  and  use  the  bed-pan  and  the  urine- 
bottle,  in  order  to  give  the  bowels  as  much  rest  as  possible,  and 
warm  water  must  be  used  in  sponging. 

3.  Suitable  Clothing. — ^The  underclothes  and  pyjamas  should 
be  of  wool  or  flannel,  in  order  to  avoid  chills. 

4.  Removal  of  Fermenting  Bowel  Contents. — The  treatment 
should  begin  with  a  dose  of  castor  oil,  to  remove  the  fermenting 
contents  of  the  bowels. 

5.  Diet. — ^The  various  diets  advised  may  be  arranged  as  follows  : 

[a)  The  Milk  Diet. 

(6)  The  Milk  and  Fruit  Diet. 

(c)  The  Fruit  Diet. 

(d)  The  Meat  Diet. 

(e)  The  Meat  and  Milk  Diet. 

(a)  Milk  Diet. — The  real  basis  of  the  treatment  of  sprue  at 
present  is  the  milk  diet. 

In  the  tropics,  this  milk  should  be  obtained  from  a  cow  kept  for  the  pur- 
pose, or  from  some  really  reliable  dairy,  as  the  danger  of  contamination  is 
great.  Even  when  the  cow  belongs  to  the  patient,  great  care  has  to  be 
taken  that  the  milk  is  not  adulterated  by  the  household  servants.     We  can 
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I^^IJ°IF^  *^1*  °"f ^  ^^  ^^'^^  °^  ^  peculiarly  careful  household,  collected, 
^Snl/or.Vj^  ""T^vf"  ,'"*  Precautions,  was  found  on  analysis  to  be  grossly 
adulterated.  The  lesson  we  have  drawn  from  the  above  is  to  get  a  tample 
analyzed  from  time  to  time.  This  analysis  costs  but  little,  and  the  possi- 
bility of  Its  being  carried  out  at  any  time  puts  a  certain  amount  of  restraint 
upon  would-be  adulterators. 

There  is  a  considerable  difference  between  the  average  composition  of  the 
milk  supplied  by  Bos  taurus,  the  straight-backed  cow,  and  B.  indicus.  the 
!*i!^'??v  •?,  '^?Y^  which,  in  general  terms,  may  be  summarized  by  saying 
that  the  milk  of  the  latter  is  much  richer  than  that  of  the  former.  We  have 
investigated  this  point,  and  are  of  the  opinion  that  if  3  per  cent,  of  fat  is  con- 
s-idered  to  be  an  average  for  B.  taurus,  then  5  per  cent,  should  be  reckoned 
for  B.  zndtcus. 

In  placing  a  patient  upon  a  milk  diet,  the  composition  of  the 
milk  should  be  carefully  considered,  especially  as  regards  the  fat, 
for,  as  Harley  and  Goodbody  have  shown,  no  less  than  47  per  cent. 
of  the  milk-fat  is  passed  out  in  the  faeces. 

Milk  with  high  percentages  of  fat  should,  therefore,  be  diluted 
with  whey,  when  the  amount  of  nitrogen  will  be  kept  up,  while 
the  percentage  of  fat  is  diminished.  Whey  is  easily  made  in  the 
tropics  by  means  of  the  juice  of  limes. 

Preferably  the  milk  should  not  be  boiled  or  sterilized,  but  boiling, 
apparently,  does  not  interfere  with  its  beneficial  properties,  and 
therefore,  if  desired,  or  thought  necessary — i.e.,  owing  to  the  risk 
of  typhoid — there  is  no  harm  in  so  doing.  In  cold  weather  it 
should  be  warmed  before  being  taken.  It  can  be  aerated  in  a 
seltzogene  if  desired,  and  can  be  mixed  with  Vichy  water.  Finally, 
it  must  be  remembered  that  milk  is  not  a  perfect  food  for  an  adult, 
however  suitable  it  may  be  for  a  child. 

It  is  as  well  to  begin  with  a  small  quantity,  and  to  gradually 
increase  the  amount.  Every  medical  man  sooner  or  later  adopts 
his  own  method  of  carrying  this  out,  and  we  will,  therefore,  only 
give  general  directions.  If  the  case  is  very  severe,  with  vomiting 
and  much  diarrhoea,  it  is  as  well  to  begin  with  whey  only,  which  the 
patient  should  sip  slowly,  and  practically  ad  libitum — i.e.,  about 
7  to  8  pints  per  diem.  As  soon  as  the  urgent  symptoms  are  re- 
lieved, milk  must  be  added  to  the  diet,  as  whey  alone  is  starvation. 

If  the  case  is  of  moderate  severity,  milk  can  be  begun  at  once, 
3  pints  per  diem  being  given  in  the  more  severe,  and  4  pints  in  the 
less  severe,  cases — i.e.,  60  to  80  ounces — which  should  be  divided 
into  not  less  than  ten  meals  at  regular  intervals  during  the  day.  The 
milk  must  be  slowly  sipped  or  taken  through  a  glass  tube,  which, 
of  course,  should  be  carefully  boiled  after  each  meal.  On  no 
account  must  the  patient  be  allowed  to  drink  the  milk  in  gulps. 
It  is,  perhaps,  as  well  to  define  a  limit  of  time — say  about  twenty 
minutes — as  the  minimum  time  for  a  meal. 

If  the  symptoms  improve,  it  is  necessary  to  increase  the  milk 
gradually  every  few  days  until  6  to  7  pints — i.e.,  120  to  140  ounces — 
are  given  ;  but  in  doing  this,  it  is  better  to  increase  the  number  of 
meals  rather  than  the  quantity  at  a  given  meal.  Twelve  meals  in 
the  twenty-four  hours  are  not  difficult  to  arrange. 
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If  the  symptoms  do  not  improve,  the  milk  must  be  reduced  gradu- 
ally, or  whey  mus^  be  tried  ;  but  as  soon  as  the  urgent  symptoms  of 
diarrhoea  and  vomiting  abate,  the  milk  must  be  gradually  increased, 
and,  indeed,  the  starvation  must  not  be  long  continued  in  any 
case.  Starvation  diets  are  dangerous  in  severe  cases  when  the 
patients  are  emaciated  and  weak  ;  and  hence,  while  they  are  being 
employed,  great  care  is  required  in  nursing. 

If  the  milk  is  succeeding,  the  diarrhoea  ceases,  the  mouth  troubles 
diminish,  and  the  patient  feels  better.  The  faeces  will  at  first  be 
pale  and  grey,  but,  as  improvement  continues,  stercobilin  will 
appear,  as  evinced  by  the  brown  colour.  This  change  in  the  colour 
of  the  faeces  is  a  most  important  and  excellent  sign. 

But  even  if  milk  is  agreeing  with  the  patient,  there  wUl  be  much 
trouble,  as  there  is  often  strong  objection  to  mUk  only.  Another 
difficulty  is  constipation,  and  this  must  be  relieved  by  enemata. 
Sometimes  the  milk  does  not  agree,  causing  vomiting  and  pain. 
Usually  this  can  be  relieved  by  alkalinizing  the  milk  with  bi- 
carbonate, I  grain  to  the  ounce,  or  the  citrate  of  soda,  2  grains  to 
the  ounce  of  mUk  (convenient  tabloids  are  prepared  by  Burroughs 
Wellcome  and  Co.,  of  this  salt),  or  by  adding  ApoUinaris  or  Ems 
water  in  the  proportion  of  equal  parts,  or  lime-water,  i  to  6  of 
milk.  As  soon  as  a  definite  improvement  appears,  and  the  weight 
begins  to  increase,  the  patient  should  be  allowed  to  sit  up,  but  great 
care  must  be  taken  to  avoid  chills.  MUk  diet  should  be  persisted 
in  for  a  month  or  six  weeks,  but  may  be  modified  by  the  addition 
of  fruit — e.g.,  strawberries,  bananas,  or  apples — as  will  be  described 
later. 

Then  eggs  may  be  beaten  up  in  the  milk  ;  chicken-broth  can  be 
tried  ;  then  Benger's  food,  or  some  other  simple  food — Allen  and 
Hanbury's,  Mellin's,  Albany  food,  Carnrick's  soluble  food,  Sana- 
togen,  or  Plasmon.  Then  fish,  chicken,  or  sweetbreads,  with  a 
biscuit,  and,  later,  potatoes  ;  and  finally,  the  patient  is  put  on  to 
a  diet  of  eggs,  toast,  dilute  China  tea,  soups,  white  meats,  custard- 
puddings,  mUk.  But  he  must  avoid  dark  meats,  most  vegetables, 
spiced  foods,  iced  drinks,  and  all  indigestible  substances.  Alcoholic 
drinks  in  every  form  are  bad,  both  during  the  illness  and  afterwards. 
Nor  is  smoking  to  be  encouraged ;  we,  personally,  are  much 
against  it. 

But,  unfortunately,  a  case  of  sprue  is  not  so  easy  to  treat  as  indi- 
cated above,  for,  while  the  food  is  being  gradually  and  carefully 
increased,  relapses  are  not  infrequent,  and  a  return  to  milk  may  be 
necessitated.  The  patient  gets  weary,  and  at  times  exceedingly 
angry  about  this  dieting,  and,  indeed,  is  apt  surreptitiously  to  kick 
over  the  traces,  with  disastrous  results.  The  prohibition  of  alcohol 
also  leads  to  trouble,  but  our  experience  about  this  is  quite  clear  : 
if  alcohol  is  taken,  the  progress  of  the  patient  is  seriously  hindered. 

Before  leaving  the  milk  diet,  two  points  ought  to  be  mentioned, 
concerning  one  of  which  we  have  had  considerable  experience; 
concerning  the  other,  none  at  all.     First  of  all,  there  can  be  no 
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reasonable  doubt  as  to  the  advantages  of  liver-soup— «.e.,  soup 
prepared  Irom  calves'  or  sheep's  livers— in  the  milder  cases  of  sprue, 
or  in  the  return  to  ordinary  food  of  a  severe  case.  The  liver  treat- 
ment IS  really  an  old  native  remedy  in  Ceylon.  We  do  not  profess 
to  advance  views  as  to  its  action,  but  in  a  certain  class  of  cases  it 
IS  of  benefit.     Secondly,  gall-pills  and  pancreatic  preparations  have 

?M  ^5ly?<=^ted  by  some ;  but  of  these  we  have  no  experience. 

(6)  Milk  and  Fruit  Diet.~A  milk  and  fruit  diet  has  been  found 
to  be  even  better  than  a  pure  milk  diet  in  many  cases.  The  milk 
is  adnimistered  as  already  described,  but,  in  addition,  fruit  is  given, 
btrawberries  are  most  highly  recommended,  beginning  with  |  pound 
and  gradually  increasing  to  2^  pounds  per  diem.  They  should  be 
crushed,  and  eaten  with  sugar  and  cream.  In  lieu  of  strawberries 
bananas  (not  plantains,  though  people  often  call  bananas  plantains, 
the  difference  being  that  a  banana  shows  three  cells  on  transverse 
section  and  a  plantain  five),  pears,  grapes,  in  the  same  weight  as 
the  strawberries  or  apples,  from  ^  pound  to  i^  pounds  per  diem. 
If  these  cannot  be  obtained,  the  juice  of  oranges,  papaya  (i|  pounds 
per  diem),  avocado  pears,  mangosteens,  and  sapodilla,  may  be  used. 

Fresh  Bael  fruit  is  excellent,  but  must  be  carefully  prepared.  It 
may  be  boiled  in  water  and  then  cut  open  and  shredded  by  means 
of  a  fork  into  warm  milk,  in  which  it  is  pounded  with  castor-sugar, 
and  finally  strained  through  a  fine  strainer  to  remove  all  ddbris. 
This  should  be  used  three  times  a  day.  Preserved  fruit  is  said 
to  be  useful,  if  fresh  fruit  cannot  be  obtained.  Acid  fruits,  such  as 
pineapples  and  sour-sops,  should  be  avoided,  and,  personally,  we 
do  not  advise  the  use  of  mangoes. 

(c)  Fruit  Diet. — This  was  first  advocated  by  Van  der  Burg,  and  usually 
consists  of  grapes  and  pears  ;  but  it  appears  as  though  almost  any  fruit  which 
is  not  acid  might  be  used. 

(d)  Meat  Diet. — If  the  milk  or  fruit  diets  fail,  it  is  advisable  to  try  a  meat 
diet,  or  this  may  be  made  the  basis  of  treatment  from  the  beginning.  Cantlie 
is  the  great  supporter  of  this  dietary. 

If  the  patient  is  very  ill,  it  may  be  necessary  to  begin  with  raw-meat  juice, 
prepared  by  pounding  sufficient  good  raw  flesh  in  a  mortar,  so  that,  with  the 
addition  of  2  ounces  of  water  and  20  minims  of  dilute  hydrochloric  acid, 
6  ounces  of  meat-juice  is  obtained  on  straining.  The  quantity  of  meat 
required  to  obtain  these  6  ounces  will  sometimes  be  quite  considerable,  and,  as  it 
varies  in  different  regions,  must  be  obtained  by  preliminary  experiment.  A 
little  salt  should  be  added  to  this  juice,  and  i  teaspoonful  should  be  given 
every  quarter  of  an  hour  in  very  bad  cases,  and  rapidly  increased  in  amount 
if  successful. 

As  soon  £is  the  very  serious  symptoms  subside,  the  meat  diet  should  be 
started.  Brown  gives  the  following  directions  for  preparing  a  meat  diet : 
Take  2  pounds  of  good  raw  meat,  free  from  fibrous  matter,  fat,  and  gristle, 
and  2  ounces  of  fresh  suet,  and  mince  and  pound  them  up  thoroughly.  Sprinkle 
the  pounded  mass  with  a  little  salt,  and  divide  into  six  portions.  One  portion, 
cooked  in  a  small,  well-buttered  saucepan  until  the  red  colour  has  just  dis- 
appeared, is  given  six  times  a  day,  as  convenient.  This  portion,  when  cooked, 
is  estimated  as  weighing  4  ounces.  In  addition,  J  pint  of  plain  warm  water, 
rice  or  toast  water,  is  sipped  half  an  hour  before  a  meat  meal,  and  a  little 
tea,  with  lemon-juice  instead  of  milk,  taken  twice  daily.  It  may,  perhaps, 
be  as  well  to  remind  the  reader  that  rice-water  is  an  infusion  of  roasted 
rice. 
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In  about  a  week  this  meat  diet  should  be  changed  to  a  modified  meat  diet, 
which  is  first  produced  by  the  addition  of  fruit,  followed  in  a  little  time  by- 
chicken,  then  and  gradually  by  eggs,  biscuits,  and  fish,  until  the  dietary 
already  mentioned  under  Milk  is  reached. 

With  a  modified  meat  diet  some  people  combine  curdled  milk.  This  is 
based  upon  Metchnikoff's  researches,  which  showed  that  if  the  Bacillus 
acidi  lactici  is  taken  with  milk,  it  generates  large  quantities  of  lactic  acid 
in  the  intestines,  particularly  in  the  large  bowel,  and  that  this  acid  interferes 
with  intestinal  toxins.  Various  preparations  of  the  germ  have  been  placed 
on  the  market,  including  '  Sauerin,'  made  by  Messrs.  Allen  and  Hanbury,  and 
said  to  be  a  pure  culture  of  the  germ.  Brown  gives  the  following  directions 
for  its  use  :  2  pints  of  milk  are  heated  to  i6o  F.,  to  kill  off  any  bacteria 
which  might  happen  to  be  present,  and  then  are  allowed  to  cool  in  a  jug 
which  has  been  boiled.  When  ioo°  F.  is  reached,  6  tablets  of  Sauerin  are 
added,  and  2  tablespoonfuls  of  sugar,  when  the  milk  is  curdled  in  about 
three  hours.  This  curdled  milk  is  taken  four  times  a  day,  between  the  meals 
of  a  modified  meat  diet,  and  is  said  to  be  efficacious. 

It  may  be  mentioned  that  curdled  buffalo-milk  is  commonly  used  by  the 
natives  of  Ceylon  as  a  part  of  their  food,  and  curdled  milk  is  also  used  in 
India,  and,  indeed,  in  many  other  places  by  natives. 

Under  the  heading  of  Meat  Diets  must  be  placed  Cantlie's  treatment, 
which  consists  of  putting  the  patient  to  bed,  applying  a  hot  wet  pack  from 
the  nipples  to  the  groin  for  two  hours,  morning  and  evening,  and  giving  three 
meals  of  5  ounces  of  meat  per  diem,  and,  in  addition,  either  beef-tea,  beef- 
jelly,  calves' -foot  jelly,  or  a  plain  jelly  every  two  hours.  Castor  oil  is  ad 
ministered  in  ij-drachm  doses  every  morning  for  the  first  three  days,  and 
santonin  in  3-grain  doses  morning  and  evening  for  three  days.  Strawberries, 
to  the  quantity  of  3  to  4  pounds  per  diem,  are  also  allowed  between  meals. 
When  the  stools  become  solid,  and  show  brown  colouring  matter,  a  poached 
egg  and  pounded  chicken  are  added,  and,  later,  minced  chicken,  and,  still 
later,  the  undercut  of  meat,  with  stewed  celery,  seakale,  vegetable-marrow, 
pulled  bread,  and  thin  slices  of  bread,  baked  in  an  oven  for  twenty 
minutes. 

(e)  Meat  and  Milk  Diet. — Cantlie  now  advocates  that  when  a  patient  is 
on  a  meat  diet,  this  should  be  stopped  every  third  or  fourth  day  for  twenty- 
four  hours,  and  that  milk  only  be  given  during  this  period. 

6.  Medical  Treatment. — It  may  be  said  at  once  that  astrin- 
gents as  a  rule  are  dangerous,  and  that  antiseptics  are  not  useful. 
Santonin,  which  must  be  yellow,  has  been  strongly  recommended  by 
Begg,  who  gives  5  grains  night  and  morning  in  salad  oil ;  but  we 
have  seen  no  benefit  by  this  treatment.  Recently  Cantlie  has  had 
good  results  by  the  administration  of  20  grains  of  ipecacuanha  daily 
for  two  or  three  days  in  advanced  cases. 

The  mouth  may  be  treated  with  any  appropriate  mouth-wash — 
e.g.,  glyco-thymohne,  glycerine  and  borax,  diluted  liquor  aluminis, 
etc.  The  teeth  require  attention,  and  if  there  is  any  pyorrhoea, 
this  should  at  once  be  treated  by  syringing  or  spraying  between 
the  teeth  with  peroxide  of  hydrogen  solution.  Pain  may  be  re- 
lieved by  painting  the  raw  surfaces  with  2  to  5  per  cent,  solution  of 
cocaine,  novocain,  alypin,  or  stovain.  The  pain  along  the  oesophagus 
requires  morphia.  Janowski  recommends  5  to  10  drops  of  a  solu- 
tion of  I  in  1,000  adrenalin,  which,  he  says,  gives  prompt  and  per- 
manent relief  for  oesophagitis.  The  muscular  pains  may  be  reheved 
by  massage,  or  by  pilocarpine  nitrate,  given  in  t^d  to  J  grain  doses 
three  times  a  day.  Intestinal  pain  may  be  relieved  by  hot  packs, 
as  recommended  by  Cantlie.     Acute  diarrhoea  must  be  checked  by 
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a  dose  of  liquor  opii  sedativus  or  lead  and  opium  pills.     Dysenteric 
symptoms  must  be  treated  as  described  under  Dysentery 

Change  OF  Climate.— It  is  obvious  that,  if  possible,  the  patient 
should  be  transferred  from  the  tropics  to  the  temperate  zone,  but 
only  It  he  is  strong  enough  to  travel.  But  there  is  no  advantage 
m  puttmg  him  on  board  a  ship  in  such  a  condition  that  he  will 
probably  die  when  changing  from  the  warm  to  cooler  weather. 
Personally,  we  are  not  in  favour  of  a  person  being  sent  from  the 
low  country  to  the  hills.  If  he  is  able  to  travel,  let  him  go  to  the 
temperate  zone. 

Prophylaxis.— Nothing  of  any  practical  value  can  be  said  under 
this  heading. 

HILL  DIARRHCEA. 

Definition. — Hill  diarrhoea  is  a  gastro-intestinal  catarrh  of  un- 
known cause,  occurring  mostly  at  high  altitudes  in  tropical  regions, 
and  characterized  by  the  passage  of  several  liquid,  frothy,  light- 
coloured  motions  in  the  early  morning. 

History. — Hill  diarrhoea  was  first  described  by  Grant  in  1854,  in 
the  same  paper  as  that  in  which  he  dealt  with  sprue  and  dysentery, 
and  later  as  a  disease  quite  distinct  from  sprue  by  Crombie  in  1892. 
The  latter  writer  held  that  it  was  liable  to  occur  at  an  elevation  of 
6,000  or  more  feet  in  India,  Europe,  and  elsewhere.  In  India  he 
believed  the  monsoon  to  be  a  potent  factor,  associated,  probably, 
with  a  diminished  barometric  pressure.  We  have  seen  cases  in 
Ceylon  occurring  at  much  less  elevation — for  example,  at  about 
3,000  to  4,000  feet. 

More  recently  Duncan  has  put  forward  the  view  that  mica  in 
the  water  is  the  causative  agent.  This  mica  is  found  in  the  laterite 
— i.e.,  weathered  gneiss — which  is  a  common  geological  formation 
in  the  tropics.  Singer  considers  that  he  has  met  this  disease  in 
four  out  of  six  Europeans  on  an  expedition  to  Abyssinia,  when  they 
reached  a  height  of  about  5,000  feet. 

etiology. — The  causation  of  the  disease  is  quite  unknown.  The 
theories  are  :  diminished  atmospheric  pressure,  the  irritation  of 
mica,  fsecal  contamination  of  the  water,  and  exposure  to  cold. 

Pathology. — Very  little  can  be  said  under  this  heading,  except 
to  invite  attention  to  what  has  already  been  written  under  the 
heading  of  Sprue  with  regard  to  the  formation  of  leuco-urobilin, 
and  to  point  out  that  it  is  obviously  to  the  fortnation  of  this  body, 
and  not  to  anything  wrong  with  the  liver,  that  the  colour  of  the 
motion  is  due.  The  morbid  anatomy  would  appear  to  be  totally 
different  from  that  of  sprue,  and  to  be  a  congestion  of  the  mucosae 
of  the  stomach  and  bowels,  with  a  proliferation  of  the  mucosal 
lymph  and  fibrous  tissue  in  chronic  cases.  On  the  surface  of  the 
mucous  membrane  of  the  small  and  large  bowels  there  is  a  thick 
layer  of  mucus,  but  no  ulceration. 

Symptomatology. — ^The  disease  generally  begins  soon  after  the 
patient  has  arrived  in  the  hills  from  the  plains. 
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have  already  said,  the  principal  endemic  centre  is  Lower  Bengal, 
whence  it  can  spread  through  India,  and,  indeed,  over  the  greater 
part  of  the  world,  by  human  agency  and  along  lines  of  human  inter- 
communication, but  in  so  doing  it  may  miss  places  on  the  direct 
route  of  its  march.  The  reason  of  this  is  not  clear.  Certainly 
climatic  conditions  may  be  of  importance,  and  perhaps  a  low  level 
of  the  subsoil  water  and  a  high  earth  temperature,  together  with 
an  imperfect  sewage  disposal  and  a  contaminated  source  of  the 
drinking-water  of  the  place,  may  have  something  to  do  with  this 
anomaly. 

Another  point  which  is  by  no  means  understood  is  the  fact  that 
the  disease  remains  for  years  in  the  endemic  region,  and  then 
suddenly  spreads  in  epidemic  and  pandemic  form,  extending  at 
times  over  the  whole  world. 

The  aetiology  may,  therefore,  be  summarized  by  saying  that  the 
disease  is  caused  by  Koch's  Vibrio  choUrcB  acting  in  the  presence 
of  some  unknown  bodily  condition  or  conditions,  and  spread  directly 
from  man  to  man  by  fomites,  water,  insects,  and  food,  but  the 
reasons  for  its  endemicity  and  epidemicity  are  unknown. 

When  travelling  from  one  place  to  another,  it  always  adopts 
channels  of  human  intercommunication,  which  may  be  ships,  rivers, 
roads,  or  railways.  When  introduced  into  a  locality,  it  will  give 
rise  to  a  widespread  epidemic  if  the  sanitation  is  so  defective  that 
the  germs  gain  access  to  the  drinking-water,  but  will  be  far  less 
extensively  spread  if  due  to  food  or  insects,  and  will  be  merely 
sporadic  if  spread  from  man  to  man. 

Psithology. — ^The  vibrio  grows  in  the  lumen,  the  glands,  the 
epithelial  cells,  and  the  mucosa  of  the  small  intestine,  probably 
producing  an  endocellular  toxin,  which  is  set  free  and  causes  the 
symptoms. 

The  question  of  toxin  formation  has,  however,  been  much  debated. 
Thus,  in  1905,  Brau  and  Denier  considered  that  they  had  obtained 
a  soluble  toxin.  In  1906  Kraus  said  that  he  had  obtained  a  soluble 
toxin  which  caused  the  disease,  and  in  the  same  year  MacFadyen 
obtained  a  virulent  endotoxin.  In  1907  Strong  carefully  investi- 
gated the  subject,  and  concluded  that  he  was  unable  to  find  a 
soluble  toxin  as  described  above,  but  that  MacFadyen's  endotoxin 
Avas  the  true  toxin  which  caused  the  symptoms  in  man.  This  endo- 
toxin causes  great  gastro-intestinal  disturbance,  leading  to  the 
passage  of  fluid  from  the  blood  to  the  bowel  in  the  following  order  : 
First  \vater,  and  then  inorganic  salts,  especially  sodium  chloride  ; 
later,  phosphates  and  potassium  salts  ;  and  still  later  organic  sub- 
stances. This  endosmosis  causes  a  great  concentration  of  the  blood, 
producing  a  high  specific  gravity,  which  may  reach  1073  to"  1078, 
which  is  associated  with  a  great  increase  in  the  erythrocytes — 
8,000,000  per  cubic  millimetre,  according  to  Rogers  and  Megaw — 
with  a  corresponding  increase  of  the  haemoglobin  and  of  the  leuco- 
cyteis,  which  iriay  number  from  14,000  to  60,000  per  cubic  millimetre. 
At  the  same  time  the  alkalinity  of  the  blood  is  decreased  and  its 
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decSf  d"^  power  altered,  while  the  oxygen  contained  therein  is 

The  concentration  of  the  blood  ca.uses  a  fall  in  the  blood-pressure, 
which  IS  indicated  by  the  feeble  compressible  pulse,  but  which,  to 
be  studied  properly,  requires  investigation  by  means  of  a  Riva- 
Kocci  s  instrument,  as  has  been  done  by  Rogers  and  Megaw,  who 
found  that  in  typical  coUapse  the  blood-pressure  might  be  only 
00  to  50  millimetres  of  mercury,  when  the  patient  is  markedly 
cyanosed  and  restless.  If  the  case  is  not  so  serious,  the  pressure 
may  be  higher— 70  to  80  millimetres  of  mercury— and  if  the  patient 
IS  on  the  road  to  recovery  it  may  reach  to  90  millimetres.  As  a 
result  of  this  low  blood-piressure,  the  urine  may  be  suppressed  or 
scanty,  with  a  high  specific  gravity,  albumin,  casts,  and  a  large 
quantity  of  indican. 

The  body  appears  to  react  to  the  disease  by  the  pouring  out  of 
substances  from  the  blood  which  are  probably  bactericidal,  though 
Edwards's  attempt  to  prove  this  failed  because  of  decomposition 
and  the  admixture  of  other  micro-organisms. 

When  recovery  is  about  to  take  plAce,  the  specific  gravity  of  the 
blood  decreases,  the  blood-pressure  rises,  and  the  urine  becomes 
abundant.  As  convalescence  continues,  the  great  danger  is 
secondary  infection  of  the  body  by  other  micro-organisms,  which 
may  cause  serious  illness  and  even  death. 

Morbid  Anatomy. — Usually  post-mortem  rigidity  is  very  well 
marked,  and  the  body  keeps  warm  for  some  time  after  death. 
On  cutting  into  the  tissues,  it  is  noticed  that  they  are  very  dry, 
and  that  the  blood  is  often  thick  and  tarry.  On  opening  the  peri- 
toneal cavity,  the  hand  experiences  a  peculiar  sticky  sensation  not 
felt  in  any  other  disease  with  which  we  are  acquainted. 

The  stomach  is  usually  empty,  and  the  bowels  are  reddish  in 
appearance,  with  injected  vessels.  When  a  piece  of  small  bowel  is 
opened,  the  contents  are  usually  found  to  be  whitish  or  greyish 
grumous  material ;  more  rarely  will  the  contents  be  blood-stained. 
These  contents  consist  of  food  particles,  epithelial  cells,  red  and 
white  corpuscles,  and  micro-organisms.  When  allowed  to  stand, 
they  separate  into  liquid  and  solid  portions,  the  former  containing 
albumin,  and  having  a  specific  gravity  varying  from  1005  to  1015. 
The  mucosa  of  the  stomach  and  bowels  is  hyperaemic  and  swollen, 
and  may  be  marked  by  ecchymoses.  There  is  usually  some  enlarge- 
ment of  the  solitary  and  agminated  glands,  as  well  as  of  the  mesen- 
teric glands. 

The  liver  is  generally  congested,  and  the  ducts  full  of  bile ;  the 
spleen  is  shrunken ;  the  kidneys  are  swollen,  and  often  ecchymotic, 
with  tubules  blocked  with  granular  debris  and  cells  in  a  state  of 
cloudy  swelling.  The  right  heart  is  often  dilated,  and  the  whole 
venous  system  full  of  blood,  while  the  arterial  system  and  the  left 
heart  is  empty.  The  lungs  are  collapsed,  dry,  and  anaemic,  and 
the  brain  may  be  congested. 

Mrr.rnsconicallv.  the  vibrios  mav  be  seen  in  Lieberkiihn's  follicles. 
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in  the  epithelial  cells,  and  in  the  mucosa  of  the  intestine  and  the 
stomach.  The  kidney  shows  vascular  congestion  and  destruction 
of  the  epithelium.  Usually  the  vibrios  do  not  penetrate  into  the 
blood-stream,  and  therefore  the  disease  is  mainly  a  general  intoxica- 
tion ;  but  Rebowski  records  cases  in  which  they  have  been  found 
in  the  liver,  the  kidney,  and  the  heart,  thus  producing  a  general 
infection. 

If  the  post-mortem  is  held  on  a  case  which  has  died  during  the 
state  of  reaction,  pneumonia  and  the  signs  of  other  secondary 
infections  may  be  found. 

Symptomatology. — A  typical  case  of  cholera  has  an  incubation 
period  which  varies  from  a  few  hours  to  a  few  days  (three  to  six). 
The  onset  is  usually  sudden,  but  there  may  be  prodromata  in  the 
form  of  diarrhoea,  or  merely  a  feeling  of  illness  and  malaise.  The 
attack  begins  with  diarrhoea,  with  or  without  colicky  pains  in  the 
abdomen.  The  motions  are  at  first  faeculent,  and  contain  bile,  but 
soon  assiune  the  typical  rice-water  appearance,  in  which  they  are 
fluid  and  acholic,  containing  numerous  white  flakes,  which,  when 
examined,  are  found  to  be  composed  of  mucus  containing  vibrios 
and  epithelial  cells,  while  exceptionally  the  motions  contain  blood. 
Vomiting  generally  appears  early,  food  being  first  expelled,  followed 
later  by  a  watery  fluid,  with  which  bUe  and  occasionally  blood  may 
be  mixed.  The  patient  complains  of  thirst,  and  at  times  of  hiccough. 
As  the  purging  and  vomiting  proceed  the  urine  diminishes,  and  may 
stop,  and  fluid  departs  from  the  subcutaneous  tissues,  which  there- 
fore contract,  so  that  the  facies  alter,  the  nose  becoming  sharp,  the 
cheek-bones  prominent,  the  eyes  sunken,  and  the  skin  of  the  fingers 
becomes  wrinkled  like  that  of  a  washerwoman.  Whilst  this  is 
taking  place,  the  circulation  becomes  profoundly  affected,  the  blood- 
pressure  faUs,  the  pulse  becomes  weak  and  rapid,  the  heart-sounds 
diminish,  and  the  lips,  face,  and  nails  become  bluish.  The  patient 
now  has  difficulty  with  his  breathing,  and  his  voice  becomes  weak 
and  husky.  Painful  cramps  appear  in  various  muscles,  but  espe- 
cially in  the  calf,  arm,,  and  abdominal  muscles,  while  the  reflexes 
are  diminished.  The  mind  is  quite  clear,  but  the  patient  is  apathetic, 
except  when  agonized  by  the  cramps.  The  skin  feels  cold,  and  the 
axillary  temperature  falls  below  normal,  but  that  of  the  rectum 
may  be  considerably  raised.  If  no  change  for  the  better  takes 
place,  the  patient  passes  into  the  algide  stage,  in  which  the  failure 
of  the  circulation  becomes  more  marked,  the  pulse  almost  disap- 
pearing at  the  wrist,  the  heart  becoming  weak  and  irregular,  the 
respirations  laboured,  the  skin  cold  and  deeply  cyanosed,  the  urine 
suppressed,  whUe  the  diarrhoea  may  or  may  not  cease,  and  the 
temperature  falls  far  below  normal.  The  first  heart-sound  becomes 
impure,  or  a  haemic  systolic  murmur  may  be  present,  and  the  second 
may  be  faint,  and  friction-sounds  may  be  heard  over  both  the  peri- 
cardium and  pleura.  The  patient  may  now  become  comatose,  and 
death  supervenes  in  from  twelve  to  thirty-six  hours  after  the  onset 
of  the  attack.     If  recovery  is  to  take  place,  the  diarrhoea  diminishes. 
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the  skin  becomes  warmer,  the  pulse  and  blood-pressure  improve, 
and  after  a  time  bile  appears  in  the  motions,  and  the  skin  iills  out 
with  fluid  again. 

Sometimes  convalescence  is  rapid.  In  some  a  secondary  febrile 
condition  ensues,  which  may  last  for  several  days,  or  even  for  a 
couple  of  weeks. 

The  patient  may  at  times  pass  into  a  status  typhosus,  with 
flushed  face,  raised  temperature,  dry  brown  tongue,  low  muttering 
delirium,  with  subsultus  and  toxic  tremblings,  and  toxic  rashes, 
which  niay  be  erythematous,  papular,  or  hsemorrhagic.  The  urine 
is  diminished  in  quantity,  has  a  high  specific  gravity,  and  contains 
albumin  and  casts.  The  motions  are  somewhat  like  those  of  typhoid, 
or  may  be  bloody. 

Death  may  take  place  during  this  stage  from  complications,  or 
recovery  may  ensue  after  a  long  convalescence.  The  infection  of 
the  convalescent  may  be  said  to  have  ceased  when  on  three  separate 
days  the  bacteriological  examination  of  the  motions  is  negative. 

The  typical  course  of  the  disease,  as  described  above,  is  often 
arbitrarily  subdivided  into  three  stages :  (i)  The  stage  of  evacua- 
tion ;  (2)  the  algide  stage  ;  and  (3)  the  stage  of  reaction,  when  the 
patient  is  about  to  recover. 

Varieties. — Cholera  cases  at  times  present  many  varied  features, 
which  are  usually  classified  into — 

1.  Ambulatory  Cases. — ^These  are  cases  in  which,  without  any 
signs  of  disease,  the  vibrio  may  be  obtained  from  the  faeces.  These 
people  are  genuine  carriers  of  the  disease. 

2.  Choleraic  Diarrhoea. — Choleraic  diarrhoea  is  characterized  by 
severe  purgation,  associated  with  the  passage  of  yellowish  motions, 
which  contain  the  specific  vibrio.  This  condition  may  be  recovered 
from,  or  may  pass  into  a  typical  attack  of  the  disease. 

3.  Cholerine.— The  patient  is  suddenly  seized  with  abdominal 
pains,  and  passes  numerous  faeculent  motions,  followed  by  typical 
rice-water  motions,  which  speedUy  cease,  and  the  patient  quickly 
recovers  without  further  symptoms. 

4.  Cholera  Gravis. — ^This  is  the  typical  form  already  described. 

5.  Cholera  Sicca. — In  this  type  the  patient  becomes  rapidly  col- 
lapsed, and  dies  before  the  typical  symptoms  of  diarrhoea  and 
vomiting  can  appear.  The  post-mortem  and  the  bacteriological 
examination  of  the  bowel  contents  reveal  the  true  nature  of  the 
disorder. 

Complications. — In  rare  cases  hyperpyrexia  has  been  noted  during 
the  attack,  but  usually  all  the  complications  occur  during  the  stage 
of  reaction,  and  are  due  to  secondary  infections.  The  most  common 
are  pneumonia,  enteritis,  and  inflammation  of  the  kidney.  Preg- 
nant women  always  abort,  and  the  foetus  may  show  signs  of  the 
disease.  The  reason  of  this  abortive  tendency  is,  according  to 
Schiitz,  because  cholera  has  a  powerful  effect  upon  even  the  non- 
pregnant uterus,  causing  haemorrhage  during  the  stage  charac- 
terized by  muscular  cramps. 
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.  Sequelae. — After  such  a  severe  illness,  it  is  usual  to  find  more  or 
less  permanent  damage  to  the  health  of  the  victim.  Thus  anaemia, 
inflammation  of  the  parotid,  gangrene,  ulceration  of  the  cornea, 
astigmatism,  or  other  errors  of  refraction,  a  tendency  to  diarrhoea, 
and  digestive  disturbances,  may  persist  for  a  long  time. 

Diagnosis. — ^The  diagnosis  is  easy  during  an  epidemic,  but  it  may 
be  very  difficult  in  the  period  when  there  are  only  a  few  sporadic 
cases  preceding  the  outbreak. 

So  closely  may  cholera  be  simulated  by  ptomaine  poisoning  as 
regards  the  collapse,  and  by  infections  with  germs  of  the  para- 
typhoid group,  which  we  have  seen  produce  typical  rice-water 
motions,  that  it  is  perfectly  useless  in  a  sporadic  case  to  attempt 
to  make  an  accurate  diagnosis  without  a  bacteriological  examination, 
and  even  this  has  to  be  performed  with  the  greatest  care,  as  there  are 
many  vibrios  which  are  undistinguishable  without  special  tests  from 
the  Vibrio  cholercB  Koch.     We  recommend  the  following  method : 

1.  Make  films  from  the  rice-like  flakes,  and  stain  with  diluted 
Ziel  carbolic  fuchsin  (i  in  50)  for  ten  minutes,  or  with  Loffler's 
blue,  five  minutes.  If  a  large  number  of  curved  rods  be  present, 
cholera  may  be  suspected  ;  but  a  definite  diagnosis  should  never  be 
based  on  the  simple  microscopical  examination,  as  comma-like 
germs  are  found  in  many  cases  of  ordinary  diarrhoea,  and  even  in 
normal  stools. 

2.  Take  a  rice-like  flake,  and  smear  it  direct  on  to  the  surface  of 
Mackonkey's  lactose-agar  plate,  using  a  sterile  bent  glass  rod  or 
Kruse's  platinum  pencil.  Inoculate  with  the  same  rod  or  pencil 
without  recharging  the  surface  of  two  more  plates,  and  incubate  at 
35°  C.  The  colonies  of  the  cholera  and  cholera-like  vibrios  develop 
on  Mackonkey's  medium  as  delicate  small,  yellowish,  roundish  dots 
within  twelve  to  eighteen  hours.  Any  suspicious  yellowish  colony 
should  be  examined,  and  the  germ  investigated  as  regards  the 
following  characters  : 

(a)  Motility. — The  cholera  vibrio  is  very  actively  motile. 

(b)  Morphology. — ^The  cholera  organism  is  often  bent,  comma- 
like, but  may  be  straight,  bacillus-like. 

(c)  Agglutination. — A  strong  anticholera  serum  should  be  used. 
We  use  the  serum  derived  from  hyperimmunized  rabbits.  This 
serum  in  Ceylon  generally  shows  an  agglutination  limit  which  varies 
between  i  in  5,000  and  i  in  7,000  on  the  various  strains  of  cholera 
vibrios  kept  in  stock  in  the  laboratory.  Any  vibrio  found  in  stools 
which  is  agglutinated  by  this  serum  in  a  dilution  not  less  than  i  in 
4,000  can  safely  be  considered,  as  a  rule,  to  be  the  true  germ  of 
cholera.  In  doubtful  cases,  all  the  cultural  characters  should  be 
studied,  and  Pfeiffer's  test  and  Castellani's  absorption  test  should 
be  carried  out. 

Dunbar  has  recommended  a  special  agglutinative  test,  which  consists  in 
mixing  directly  a  drop  of  the  stools  with  diluted  immune  serum.  The 
cholera  vibrios  become  agglutinated.  This  process  is  practicable  only  when 
the  stools  contain  many  vibrios. 
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3.  Inoculate  four  tubes  of  peptone-water  with  the  suspected 
stools,  the  first  with  one  loopful,  the  second  with  two,  the  third 
with  three,  and  the  fourth  with  four ;  or  inoculate  each  of  two 
Erienmeyer  flasks,  capped  with  sterile  filter-paper  without  wool- 
plugs,  with  I  c.c.  of  the  stools.  The  formation  of  a  scum  on  the  sur- 
^ce  of  the  medium  within  eight  to  ten  hours  is  suspicious  of  cholera. 
The  pellicle  and  the  upper  portions  of  the  medium  should  be 
examined  microscopically  for  the  presence  of  vibrios,  and  Mac- 
konkey  agar  or  ordinary  agar  plates  should  be  made  for  furthei 
examination,  as  already  described.  The  peptone-water  should  be 
tested  for  the  presence  of  indol,  adding  a  few  drops  of  pure  sulphuric 
acid.  In  true  cholera  the  indol  reaction  is  generally  present  eight 
to  ten  hours  after  inoculation. 

4.  Inoculate  the  surface  of  three  ordinary  serum-tubes  with  the 
suspected  stools,  and  incubate  at  35°  C.  If  within  sixteen  hours 
there  is  no  zone  of  liquefaction  in  the  medium,  cholera  may  be  practi- 
cally excluded.  If  there  is  liquefaction,  this  may  be  due  to  the 
presence  of  the  cholera  or  other  serum-liquefying  germs,  or  to  the 
stools  containing  an  amount  of  proteolytic  substances.  The  liquefied 
serum  may  be  plated  on  Mackonkey  or  ordinary  agar  plates,  and 
any  suspicious  colony  further  investigated. 

5.  Dieudonne's  special  strongly-alkaline  blood  agar  may  be  used 
for  the  isolation  of  the  cholera  vibrio  in  faeces.  On  this  medium 
the  cholera  germ  grows  well,  while  the  coli  and  coli-like  organisms 
scarcely  vegetate.  Of  course  the  colonies  which  grow  must  be 
carefully  investigated,  as  already  described. 

If  material  has  to  be  sent  to  a  central  depot  for  bacteriological 
examination,  certain  precautions  must  be  carried  out.  The  faeces 
must  be  carefully  collected,  if  possible  into  a  bed-pan  which  has 
been  scalded  or  boiled,  or  a  loop  of  small  intestine  carefully  removed 
post  mortem.  These  specimens  must  be  forwarded  in  a  glass  bottle, 
which,  as  well  as  the  cork,  has  been  boiled.  It  is,  perhaps,  hardly  neces- 
sary to  state  that  no  antiseptic  must  be  mixed  with  the  specimens. 

Prognosis. — ^The  prognosis  is  usually  bad  at  the  beginning  of  the 
epidemic,  but  improves  as  the  epidemic  continues.  The  case- 
mortality  may  be  stated  to  be  on  the  average  about  50  per  cent. 

Treatment. — ^The  treatment  of  cholera  must  aim  at  the  destruc- 
tion and  removal  of  the  vibrios,  the  neutralization  of  the  toxins, 
the  prevention  of  secondary  infection  through  the  damaged  intes- 
tinal mucosa,  the  healing  of  which  must  be  assisted,  and  the  relieJ 
of  symptoms. 

To  promote  these  objects,  the  patient  must  at  once  be  sent  to 
bed,  no  matter  how  slight  the  attack  may  seem  to  be.  His  room 
should  be  airy,  and  he  should  not  be  allowed  to  leave  the  horizontal 
position.  The  bed-pan  and  urine  bottle  must  be  used,  and  the 
former  should  be  slightly  warmed. 

The  bowel  should  be  cleansed  by  a  dose  of  |  ounce  of  castor  oil 
made  into  an  emulsion  and  corribined  with  chloroform.  If  this 
dose  is  vomited,  it  must  be  repeated. 


968  CHOLERA 

This  preliminary  purgation  must  be  followed  by  a  dose  of  calomel, 
usually  from  3  to  5  grains,  which'  preferably  should  be  combined 
with  6  to  12  grains  of  sodium  bicarbonate,  which  assists  its  action. 
After  this  initial  large  dose,  calomel  should  be  continued  in  smaller 
doses,  either  i\t  to  ^  grain  every  half  or  quarter  hour,  or  J  grain 
every  hour,  until  either  the  symptoms  begin  to  improve  or  the 
patient  passes  into  the  algide  stage.  Hypodermic  injections  of 
morphia  (gr.  I)  are  useful  to  allay  vomiting  and  to  reheve  the  pain 
of  the  cramps. 

Bakaleinik  recommends  the  administration  of  castor  oil  with  salicylic  acid 
and  naphthalin.     His  formula  is  : 

Acidi  salicylici        . .  . .  . .        o-6o  gramme. 

NaphthaUn  . .  . .  . .        0-25  gramme. 

Olei  ricini  . .  . .  .  .      3O'O0  grammes. 

The  ingredients  to  be  well  triturated  for  half  an  hour. 

The  patient  must  be  kept  warm,  and  supplied  with  plenty  of 
water  to  drink,  which  preferably  should  be  taken  in  sips,  and 
sinapisms  or  turpentine  stupes  should  be  applied  to  the  abdomen. 

When  collapse  has  set  in,  hot  bottles  must  be  applied  to  the 
extremities  and  round  the  body,  and  when  the  pulse  faUs,  the 
median  cephalic  vein  should  be  opened  at  the  elbow,  and  Rogers' 
special  silver  cannula,  made  by  Messrs.  Down  and  Company,  inserted, 
and  through  this  injections  of  hypertonic  saline  solution  should  be 
injected  until  the  blood-pressure  returns  as  tested  by  the  pulse,  or 
more  preferably  by  a  Riva-Rocci's  instrument. 

The  saline  solution  at  present  recommended  by  Rogers  and 
Mackelvie  is  stronger  than  that  generally  used,  but  will  probably 
be  more  useful.  These  saline  injections  are  made  of  a  i'25  per 
cent,  solution  of  salt,  which  is  prepared  by  dissolving  2  drachms 
of  salt  in  i  pint  of  water,  sterilizing  carefully,  and  injecting  10  to 
40  ounces  at  a  temperature  slightly  in  excess  of  that  normal  for 
the  blood.  These  injections  may  have  to  be  repeated  several  times, 
and  therefore  the  cannula  must  be  left  in  situ.  At  the  same  time, 
hypodermic  injections  of  strychnine,  with  or  without  atropine, 
should  also  be  given,  and  warm  rectal  injections. 

During  this  treatment  the  bladder  must  be  carefully  watched  to 
see  whether  urine  is  being  passed  or  not,  and  if  suppression  occurs, 
dry-cupping  should  be  performed  over  each  loin. 

When  the  stage  of  reaction  sets  in,  a  mixture  containing  salicylate 
of  bismuth  gr.  xv.,  bicarbonate  of  soda  gr.  v.,  liquor  opii  sedativus 
min.  v.,  mucilige  q.s.,  and  chloroform  water  i  ounce,  should  be 
given,  and  later  one  containing  alkalis  and  digitalis  is  useful. 

With  regard  to  symptoms,  the  persistent  vomiting  may  be 
relieved  by  small  pieces  of  ice  or  by  J  grain  of  cocaine  dissolved  in 
a  teaspoonful  of  water,  or  by  a  dose  of  10  minims  of  mistura  pepsini 
composita  et  bismutho  every  half-hour  until  four  doses  have  been 
given,  or  by  one  or  two  drops  of  tincture  of  iodine  in  water.  Cralnps 
are  treated  by  massage,  assisted  by  rubbing  with  dry  powdered 
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ginger,  by  hypodermic  injections  of  morphia,  or  by  inhalations  of 
a  mixture  of  chloroform  and  oxygen.  Prostration  must  be  com- 
bated by  hypodermic  injections  of  strychnine  or  of  camphor  in 
ether.  Delirium  must  be  relieved  by  bromides  with  tincture  of 
hyoscyamus. 

The  treatment  of  complications,  such  as  pneumonia,  etc.,  must 
be  conducted  on  the  lines  laid  down  in  textbooks  on  general 
medicine. 

Other  methods  of  treatment  may  be  briefly  mentioned.  Many  disinfectants 
are  recomrnended  by  different  authors — e.g.,  a  mixture  of  sulphocarbolates  of 
zinc,  2  grains  ;  soda,  2  grains  ;  calcium,  3  grains,  dissolved  in  peppermint. 
Acetozone,  alphazone,  and  medical  cyllin  are  recommended  by  O'Gorman, 
and  both  he  and  Waters  advise  the  administration  of  15  minims  of  medical 
izal  dissolved  in  i  ounce  of  water  every  two  hours.  Salol  has  been  strongly 
recommended  by  some  writers,  and  Brown  and  Banerji  praise  an  emulsion 
of  eucalyptus  oil  with  mucilage  and  syrup  of  lemons,  of  which  5  minims  are 
given  for  a  dose.  O'Gorman  advises  copper  arsenite  for  infants,  while  Duke 
recommends  red  iodide  of  mercury  in  the  algide  stage,  and  Chosky  cyanide  of 
mercury  in  ^Jj-grain  doses  in  syrup  and  water  every  two  to  three  hours,  but 
says  this  is  apt  to  cause  stomatitis  during  convalescence,  which  can  be  avoided 
by  regulating  the  doses.  Cantani  long  ago  advised  slow  intestinal  injections 
of  3  to  4  pints  of  a  i  per  cent,  solution  of  tannin,  with  or  without  20  to  40 
drops  of  tincture  of  opium,  and  warmed  to  100°  F.  and  given  every  three  to 
four  hours.  Denier's  serum  treatment  has  been  found  useless  by  Strong, 
but  KoUe's  serum  promises  to  be  more  useful.  Several  authors  recommend 
treatment  by  repeated  hypodermic  injections  of  morphia. 

With  regard  to  diet,  no  food  should  be  given  during  the  acute 
attack,  but  merely  liquids,  which  should  consist  of  water,  iced 
water,  iced  soda-water.  Stimulants  should  only  be  given  with 
great  moderation,  and  carefully  by  the  mouth,  as  at  times  they  are 
apt  to  do  more  harm  than  good.  In  the  algide  state  the  liquids 
given  should  be  warmed,  and  hot  black  coffee  may  be  used  as  a 
cardiac  stimulant. 

When  reaction  sets  in,  only  the  mildest  foods  must  be  allowed, 
and  then  only  with  care.  Begin  with  thin  arrowroot,  and  continue 
with  milk  mixed  with  soda-water,  and  then  with  milk,  barley- 
water,  rice-water,  etc.  Sanatogen,  plasmon,  and  somatose  &,re  also 
recommended.  Meat-extracts  should  be  avoided.  As  improve- 
ment continues,  the  diet  may  be  slowly  and  carefully  increased,  but 
the  greatest  care  must  be  taken  for  a  long  time. 

Prophylaxis. — ^The  prophylaxis  must  be  based  upon  the  know- 
ledge that  the  disease  is  carried  by  man,  and  is  spread  from  one 
man  to  another  by  water,  milk,  contaminated  food,  especially  green 
vegetables,  and  insects,  especially  flies  and  perhaps  ants. 

.  The  methods  which  may  be  adopted  are  classifiable  into  private 
and  public. 

Private  Methods.— A.t  the  beginning  of  an  epidemic  it  is  as  well 
to  circulate  a  printed  notice  in  English  and  in  the  vernacular  telling 
the  householder  what  he  should  do  to  prevent  the  disease  attacking 
his  household.  It  is  the  duty  of  the  head  of  every  household  to 
personally  inspect  twice  a  week  at  least  his  kitchen  and  go-downs. 
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and  especially  his  servants'  latrines,  and  to  see  that  the  house  and 
compound  are  kept  in  a  clean,  sanitary  condition.  He  must  also 
see  that  the  filters  are  properly  cleaned,  and  should  flies  abound 
in  the  house,  their  source  should  be  dUi^ently  sought  for,  or,  if  it 
cannot  be  found  and  dealt  with,  the  Sanitary  Authority  should  be 
informed.  He  should  also  see  that  the  whole  household  keep  them- 
selves strictly  clean,  especially  the  cooks. 

With  regard  to  food  and  drink,  care  should  be  taken  that  all 
cooking  and  serving  vessels  are  thoroughly  cleansed  with  boiling 
water,  and  that  kitchen-cloths  are  washed  in  a  solution  of  cyllin 
or  carbolic  acid.  Especial  care  should  be  taken  with  regard  to  the 
ice-safe,  which  is  apt  to  become  coated  internally  with  green  slime, 
which  may  cause  diarrhoea.  This  ice-safe  must  be  thoroughly 
cleaned  with  hot  soda  and  water,  and  exposed  to  the  sun  at  least 
once  a  week.  Food  must  not  be  stored  near  latrines,  and  must  be 
protected  from  flies  and  ants,  and  the  rooms  and  cupboards  in 
which  it  is  placed  must  be  thoroughly  cleansed  with  soda  and  hot 
water  at  least  once  a  week. 

All  water  must  be  boiled  and  filtered,  and  stored  in  covered 
vessels,  and  all  mflk  must  be  boiled  and  carefully  protected  from 
flies  and  other  insects.  Care  should  be  taken  that  good  mUk  is 
procured.  No  uncooked  vegetables  or  salads  should  be  used ;  fruit 
must  be  sparingly  indulged  in ;  and  unripe  fruit,  especially  melons, 
must  be  avoided.  Balfour  advises  that  jellies  in  particular  should 
not  be  used  during  a  dangerous  season.  Weak  tea  and  lime  drinks 
made  with  boiling  water  should  be  used  as  beverages. 

All  cases  of  illness,  but  especially  diarrhoea,  must  be  promptly 
treated  by  a  medical  man. 

With  regard  to  prophylactics,  eucalyptus  oil  in  lo-minim  doses 
twice  daily  has  been  strongly  recommended  by  some  authors,  but 
the  most  usual  prophylactic  is  a  protective  inoculation,  which  was 
first  introduced  by  Ferran  in  Spain,  and  has  been  studied  and 
improved  by  Haffkine  and  GamaJeia  ;  by  Tamancheff,  who  added 
0-5  per  cent,  carbolic  acid  to  the  sterilized  prophylactic ;  and  by 
Strong  and  others. 

Hafikine  originally  used  two  prophylactics — a  weak  and  a  strong 
— with  the  idea  that  the  strong  would  produce  too  violent  a  local 
reaction  ;  but  this  proving  to  be  wrong,  only  the  strong  is  now 
used.  This  prophylactic  is  prepared  by  intensifying  the  virulence 
of  the  vibrios  by  passing  them  through  a  series  of  rabbits,  and 
then  growing  on  agar,  from  which  the  growth  is  washed  off  by 
sterile  broth  which  is  made  up  to  8  c.c,  of  which  one  is  injected 
hypodermically  into  the  flank  as  a  dose.  There  is  some  local  reac- 
tion in  the  form  of  redness,  swelling,  and  pain,  and  some  general 
febrile  reaction.  The  result  is  that  after  an  initial  diminution  of 
the  resistance  against  the  disease  this  becomes  considerably  increased 
after  the  fifth  day.  Haffkine's  statistics  show  that  it  diminishes  by 
one-tenth  the  liabflity  to  the  disease,  and  increases  the  chance  of 
surviving  if  attacked.     Thus,  according  to  Powell,  in  6,549  n°"" 
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vaccinated  there  were  198  cases  and  134  deaths;  and  in  5,778 
vaccinated  there  were  27  cases  and  14  deaths.  Vaccination 
confers  a  partial  immunity,  which  lasts  about  fourteen  months, 
after  which  it  diminishes,  and  finally  disappears.  Revaccination 
is,  therefore,  necessary  after  this  period. 

Strong's  method  is  to  spray  agar  which  is  contained  in  large  fiat- 
sided  flasks  with  a  twenty-hour-old  culture  of  the  vibrio  in  broth, 
and  then  to  incubate  the  flasks  at  37°  C.  for  twenty  hours,  and  to 
suspend  the  subsequent  growth  in  sterile  water,  which  is  first  heated 
to  60°  C.  for  one  to  twenty-four  hours,  then  incubated  at  37°  C.  for 
two  to  five  days,  and  then  filtered  through  a  Reichel  candle.  Two 
c.c.  (the  equivalent  of  ie,ooo  units  of  immunity  in  a  rabbit)  of  the 
filtrate,  which  must  be  sterile,  are  inoculated.  This  prophylactic, 
which  is  said  to  be  capable  of  being  kept  for  a  year,  produces  no 
local  reaction,  and  but  slight  general  reaction,  and  increases  the 
bactericidal  and  agglutinative  powers  of  the  serum  considerably. 
Strong  considers  that  it  contains  receptors  separated  from  the 
vibrios,  and  that  it  probably  acts  by  increasing  the  bactericidal 
and  antitoxic  powers  of  the  epithelial  cells  of  the  mucosa  of  the 
alimentary  canal. 

Public  Prophylaxis. — It  is  the  duty  of  the  State  to  attempt  to 
ward  off  cholera  by  preventing  human  beings  introducing  the  germ. 
This  involves  the  careful  watching  of  the  frontiers,  especially  along 
the  lines  of  intercommunication,  whether  roads,  railways,  or  water- 
ways. Under  the  last  heading  must  be  included  ships,  boats,  and 
rafts,  for  it  must  be  remembered  that  cholera  is  very  apt  to  be 
introduced  by  persons  travelling  along  rivers. 

Any  suspicious  case  must  be  detained  for  five  days  in  quarantine 
in  suitable  isolation  hospitals  erected  near  the  frontiers,  while  the 
sick  must  be  tended  in  special  hospitals  with  all  the  precautions  to 
be  mentioned  later. 

Merchandise  does  not,  as  a  rule,  require  any  disinfection,  unless 
there  is  reason  to  suspect  that  some  of  it  has  been  fsecally  con- 
taminated from  a  case. 

When  an  epidemic  begins,  the  first  duty  is  to  form  a  special 
Cholera  Board  to  deal  with  the  outbreak,  and  this  Board  should  be 
composed  of  financial  and  legal  authorities,  as  well  as  of  doctors 
and  bacteriologists.  This  Board  will  form  the  central  authority  for 
the  control  of  the  epidemic.  All  suspicious  cases  must  be  reported 
to  this  central  authority  at  once. 

Then  central  and  outlying  bacteriological  stations  must  be  pro- 
vided, and  special  hospitals  and  isolation  hospitals  built,  and,  if 
possible,  nurses  and  medical  men  obtained  who  have  some  practical 
knowledge  of  the  disease.  If  time  permits,  it  is  as  well  to  have 
these  vaccinated  against  the  disease,  but  it  should  be  remembered 
that  five  days  must  elapse  before  the  immunity  is  effective. 

Arrangements  must  then  be  made  for  the  prompt  bacteriological 
diagnosis  of  cases,  for  the  prompt  treatment  of  all  disorders,  espe- 
cially intestinal,  and  extra  dispensaries  must  be  opened,  and  the 
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public  informed  of  the  necessity  of  availing  themselves  of  these 
medical  arrangements.  If  necessary,  a  house-to-house  inspection 
should  be  made,  in  order  to  find  out  if  there  are  mild  concealed 
cases,  and  nobody  should  be  buried  without  a  proper  medical 
certificate. 

All  patients  must  be  removed  to  the  hospitals,  and  the  houses 
disinfected  with  the  Clayton  gas  apparatus,  in  order  to  kill  not 
merely  the  germs,  but  also  the  flies  and  ants.  If  this  is  not  avail- 
able, formalin  sprays,  together  with  burning  sulphur,  may  be  used. 
Fomites  should  be  carefully  disinfected,  and  persons  attending  the 
sick  must  avoid  infection  by  careful  disinfection  of  the  hands  and 
by  wearing  overalls. 

The  dejecta  of  patients  should  be  carefully  disinfected  with  cyllin 
or  carbolic  acid,  and  no  patient  should  be  liberated  from  the  hospital 
until  bacteriological  examinations  of  his  fseces  on  three  successive 
days  are  negative.  This  is  a  most  necessary  precaution,  because 
otherwise  he  may  spread  the  germs  broadcast  for  a  period  of  about 
six  weeks  at  least. 

Care  must  be  taken  to  disinfect  and  bury  the  dead  with  least 
chance  of  the  infection  spreading.  Cremation  should  be  encouraged 
in  preference  to  burial. 

A  systematic  search  must  be  made  for  the  origin  of  the  infection, 
and  drinking-water,  well-water,  etc.,  must  be  regularly  examined 
bacteriologically.  Dangerous  wells  must  be  closed,  and  all  wells 
may  be  Hankenized — i.e.,  disinfected  with  permanganate  of  potash. 
The  milk,  ice,  and  aerated  waters  should  be  taken  under  the 
municipal  control,  and  not  merely  must  care  be  taken  that  they 
are  pure,  but  they  must  be  tested  bacteriologically  from  time  to 
time. 

Vegetables  must  be  inspected,  and  the  place  where  they  are  grown 
ascertained  and  inspected,  in  order  to  find  whether  there  is  faecal 
pollution.  A  crusade  must  be  made  against  flies  and  dirt  in  general. 
The  disposal  of  sewage  should,  of  course,  have  been  dealt  with 
before  the  epidemic  has  occurred ;  but  if  it  is  defective,  attempts 
should  be  made  to  remedy  this  as  far  as  possible,  and  a  scheme  at 
once  started  for  proper  collection  and  disposal. 

Bathing-places  must  be  carefully  inspected,  and  bad  places  closed, 
and  only  pure  water  allowed  to  be  used.  No  washing  must  be 
allowed  near  wells.  Drugs  must  be  given  free,  and  means  for 
inoculation  of  the  prophylactic  provided  on  a  large  scale. 

When  the  epidemic  is  past,  the  sanitary  defects  found  out  during 
ts  course  should  be  remedied,  and  not  forgotten  until  another 
outbreak  occurs. 

REFERENCES. 

iLELL    (1906-07).     Zeitschrift   fiir   Hygiene,    Iv.    187.      (Immnnization   with 

Nucleo-Proteid.) 
HOKSY  (1907).     Lancet,  i.  1077. 
LEMOW  (1903).     Geography  of  Disease.     Cambridge.     (Epidemiology ) 


REFERENCES  973 

DiEUDONNE  (1909).     Centr.  f.  Bakter. 

Duke  (1905).     Prevention  of  Cholera,  and  its  Treatment.     Calcutta. 
Dunbar  (1907).     Osier  and  McCrae's  System  of  Medicine,  ii.  714. 
Haffkine  {1895).     British  Medical  Journal,  ii.  1541.     (Cholera  Prophylactic.) 
HiRSCH  (1883).     Handbook  of  Geographical  and  Historical  Pathology.     (New 

Sydenham  Society.) 
KoLLE  (1909).     Deutsche  Medizinische  Wochenschrift. 
Macrae  (1894).     Indian  Medical  Gazette,  p.  407.     (Flies  and  Cholera.) 
Macnamara  (1892)".     Asiatic  Cholera.     (History  till  1892.) 
Medical    Officer,    Local    Government    Board    (1892-93).     Report    on 

Cholera  in  Hamburg. 
O'GoRMAN  (1905).     Indian  Medical  Gazette,  xl.  414.     (Treatment.) 
O'Meara  (1908).     Indian  Medical  Gazette,  xliii.  375. 
Rogers  (1909).     Proceedings  of  the  Royal  Society.      (Salines.) 
Rogers  and  Mackelvie  (1908).     Indian  Medical  Gazette,  xliii.  165.    (Saline 

Injections.) 
Rogers  and  Megaw  (1908).     Indian  Medical  Gazette,  xliii.  80.     (Salines.) 
ScHMiTZ  (1906).     Zeitschrift  fiir  Hygiene,  lii.  i.     (Cholera  Vaccines.) 
ScHUTZ  (1894).     Centralblatt  fiir  Gynakologie,  p.  45.     (Influence  of  Cholera 

on  Female  Genital  Organs.) 
Simpson  (1894).     Cholera  in  Calcutta. 
Snow   (1855).     Report  of  the  Committee  for  Scientific  Inquiries  into  the 

Cholera  of  1854.     (Broad  Street  Pump  Case.) 
Strong  (1907).     PhUippiue  Journal  of  Science,  ii.  413. 
Wall  (1893).     Asiatic  Cholera.     London. 


CHAPTER  XLV 
THE   DYSpNTERIES 

The  term  'dysentery' — Dysentery  and  dysenteric  diarrhoea — Dysenteries 
caused  by  animal  parasites — Protozoal  dysenteries — Entamoebic  dysen- 
tery— Laveranic  dysentery — Leishmanic  dysentery — Ciliar  dysenteries — 
Flagellate  diarrhoea  and  dysentery — Spirochaetic  dysentery — Platyhel- 
minthic  dysenteries — Nemathelminthic  dysenteries — Arthropodic  dysen- 
teries— Dysenteries  caused  by  bacteria — Pseudo-dysenteries — References. 

The  Term  Dysentery. — ^The  term  '  dysentery  '  is  derived  from 
Sva-evrepia,  signifying  a  bowel  trouble,  and  was  first  employed  by 
Hippocrates.  As  used  at  present,  it  covers  a  large  number  of  dis- 
tinct affections,  induced  by  various  species  of  animal  and  vegetal 
parasites.  In  England  it  used  to  be  called  the  Bloody  flux,  in  France 
TSnesme,  and  in  Italy  Flusso  sanguigno.  The  Latin  equivalent  is 
Tormina,  the  German  Ruhr ;  while  the  native  terms  applied  to  it 
are  too  numerous  to  be  considered  here,  but  we  may  mention 
the  Sinhalese  term  Lehedanpachanai  (Le^=  blood,  hedan=  vcivicus, 
pachanai=  diarrhoea),  and  the  Indian  term,  Rattam-seedam-banthala- 
porado  or  Wayatholechell. 

Dysentery  and  Dysenteric  Diarrhoea. — ^The  occurrence  of  a  bowel 
disease  in  which  blood  appeared  in  the  motions  was  well  known  to 
the  ancients,  for  descriptions  of  such  a  condition  can  be  found  in 
the  works  of  the  old  authors  Charaka  and  Susruta,  in  which  dysentery 
is  called  '  Atisar,'  and  acute  dysentery  '  Ama-apaka,'  while  the 
chronic  variety  was  called  '  Pakitsar.' 

Hippocrates  recognized  two  distinct  types  of  disease  of  the  bowels 
— one  characterized  by  the  number  and  fluidity  of  the  motions, 
which  he  called  Siappoea,  and  the  other,  which  he  termed  Sva-evrepia, 
by  the  presence  of  blood  in  the  motions. 

At  first  the  term  '  dysentery '  included  any  disease  in  which 
,  there  was  a  discharge  of  blood  per  anum,  but  Aretaeus,  Galen,  and 
other  ancient  physicians,  soon  differentiated  the  disease  more 
clearly  by  emphasizing  the  fact  that  there  should  be  mucus  as  well 
as  blood  in  the  motions,  and  that  the  sjnnptoms  of  tormina  and 
tenesmus  must  be  present.  They  further  stated  that  the  disease 
was  due  to  an  ulcerated  condition  of  the  bowels.     Hence,  according 
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to  these  ancient  writers,  in  order  to  make  the  diagnosis  of  dysentery, 
it  was  necessary  to  have  blood  and  mucus  in  the  motions.  Recent 
investigations  have,  however,  shown  that  certain  cases  of  diarrhoea 
and  dysentery  are  brought  about  by  the  same  organism,  and  that 
a  form  of  diarrhoea  which  may  be  called  dysenteric  diarrhoea  is  only 
one  phase  of  the  clinical  appearances  of  a  dysentery,  and  is  setio- 
logically  in  no  way  different  from  what  might  be  termed  a  true 
dysentery,  except  in  the  severity  of  the  symptoms  and  the  post- 
mortem appearances.  Briefly,  certain  forms  of  diarrhoea  are  dysen- 
tery under  a  somewhat  different  clinical  aspect.  Hence  it  is  not 
expedient  to  attempt  to  classify  dysenteries  by  their  clinical  symp- 
toms, or  by  their  post-mortem  appearances,  and  any  rational 
classification  and  description  of  the  complaint  must  be  based  on 
the  causation. 
We  therefore  classify  dysenteries  and  dysenteric  diarrhoeas  into — 

A.  Dysenteries  caused  by  Animal  Parasites  : 

I.  The  Protozoal  Dysenteries. 
II.  The  Platyhelminthic  Dysenteries. 
III.  The  Nemathelminthic  Dysenteries.^ 
IV.  The  Arthropodic  Dysenteries. 

B.  Dysenteries  caused  by  Bacteria. 

C.  Pseudo-dysenteries. 

By  the  last  expression  we  mean  such  forms  of  the  complaint  as 
may  be  due  to  the  irritation  of  fish-bones,  glass,  cancer,  or  inflam- 
mations of  organs  adjoining  the  alimentary  canal. 

A.  DYSENTERIES  CAUSED  BY  ANIMAL  PARASITES. 
I.  THE  PROTOZOAL  DYSENTERIES. 
The  protozoal  dysenteries  are  classified  into  : 
{a)  Entamoebic  Dysentery. 
(6)  Laveranic  Dysentery. 

(c)  Leishmanic  Dysentery. 

(d)  Ciliar  Dysenteries. 

It  is  convenient  to  describe  as  an  appendix  to  these  dysenteries 
the  diarrhoeas  said  to  be  due  to  flagellate  organisms,  though  these 
can  in  no  way  chnically  be  termed  dysentery,  and  also  the  so-called 
spirochaetic  dysentery. 

{a)  Entamoebic  Dysentery. 

Synonyms.— Entamoebiasis,  Amcebiasis,  Amcebic  Dysentery. 

Definition. — Entamoebic  dysentery  is  an  acute  or  chronic  specific 
disease  of  the  intestine,  caused  most  commonly  by  Entamceba 
histolytica  Schaudinn  1903,  and  by  E.  tetragena  Viereck  1907  in  some 
cases,  and  possibly  by  other  species.  These  Entamoeba  enter  the 
body  with  food  or  water,  and  produce  colitis,  rectitis,  and  enteritis. 
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characterized  by  the  passage  of  frequent  motions,  which  generally 
contain  blood  and  mucus,  and  are  associated  with  abdominal  pain 
and  tenesmus.  At  times  they  also  produce  abscesses  in  the  liver 
and  other  parts  of  the  body. 

*v.  History. — In  i860  Lambl  noticed  amcebae  in  the  motions  of  a 
child  suffering  from  diarrhoea,  and  in  1870  Lew;is  found  the  same 
organisms  in  the  motions  of  cholera  patients ;  while  Loesch,  in  1875, 
gave  a  careful  description  of  certain  Amcebse  which  he  found  in  the 
motions  of  a  man  suffering  from  chronic  diarrhoea.  Loesch's 
drawing  signifies  that  he  saw  both  the  organism  which  we  call 
Entamoeba  coli  and  that  which  we  now  name  Entamceba  histolytica. 
Further,  he  found  that  solutions  of  quinine  of  a  strength  of  i  in 
5,000,  when  injected  per  rectum,  temporarily  benefited  his  patient, 
who,  however,  subsequently  died  of  pneumonia,  when  a  post- 
mortem revealed  that  the  bowels  were  ulcerated.  Loesch  was  able 
to  infect  dogs ;  but,  on  the  other  hand,  Grassi,  and  later  Cunning- 
ham and  Lewis,  showed  that  the  motions  of  healthy  people  also 
contained  Entamoebse.  Koch,  in  1883,  found  Amoebae  in  the  ulcers 
in  cases  of  dysentery  in  Egypt,  and  Kartulis  began  a  series  of 
investigations,  which  finally  ended  by  his  defining  the  types  of 
dysentery  as  '  endemic,'  due  to  amoebae,  and  '  epidemic,'  due  to 
bacteria.  In  1891  Councilman  and  Lafieur  introduced  the  term 
'  amoebic  dysentery,'  and  Hlava,  Quincke,  Roos,  Vivaldi,  and 
many  others  published  experimental  researches  on  the  infection  of 
animals  by  amoebae  and  the  production  of  dysentery. 

In  the  meanwhile  a  prolonged  discussion  took  place,  some 
observers  denying,  and  others  asserting,  the  pathogenicity  of  the 
amoebae.  Kruse  and  Pasquale  were  the  first  to  throw  light  upon 
this  difference  of  opinion  by  suggesting  that  both  theories  might  be 
correct,  and  that  there  might  be  two  species  of  amcebae,  one  patho- 
genic and  the  other  harmless  ;  but  this  was  not  finally  settled  until 
the  researches  of  Casagrandi  and  Barbagallo,  together  with  those 
of  Jiirgens,  were  confirmed  and  greatly  extended  by  Schaudinn, 
who  showed  that  there  were  two  forms  of  amoebae  quite  distinct ' 
from  one  another — viz.,  an  Entamoeba  coli  Loesch,  which  was  harm- 
less, and  another.  Entamoeba  histolytica  Schaudinn,  which  was  the 
true  cause  of  entamoebic  dysentery.  Since  that  date  the  labours 
of  Viereck  and  others  have  demonstrated  the  pathogenicity  of 
Entamceba  tetragena,  while  Lesage  has  shown  that  species  of  harmless 
Entamoebae  other  than  Entamoeba  coli  may  exist  in  the  tropics. 
Gauducheau  has  isolated  from  a  case  of  dysentery  a  small  amoeba 
which  he  calls  E.  phagocytoides ,  and  which  we  have  described  in 
Chapter  XL,  in  which  E.  minuta  and  E.  nipponica  are  also  described. 
Climatology. — Entamoebic  dysentery  is  found  throughout  the 
tropical  world,  and  also  occurs  in  the  Temperate  Zone.  In  general 
terms  it  may  be  stated  that  entamoebic  dysentery  is  common  in 
tropical  and  subtropical  Africa,  especially  in  Senegambia,  Algeria, 
and  Egypt.  It  is  common  in  Mauritius  and  Ceylon,  and  is  possibly 
not  as  rare  in  India  as  it  is  alleged  to  be.     It  is  common  in  China, 
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Indo-China  and  the  Philippines,  and  not  infrequent  in  North 
America,  but  is  said  to  be  rare  in  Central  America,  in  the  West 
indies,  and  the  Guianas,  while  common  in  Brazil  and  Chili.  In 
liurope  It  is  endemic  in  Russia  and  Germany,  and  fairly  frequently 
met  with  in  the  south,  especially  in  Italy.  j       h         j' 

Our  observations  do  not  lend  support  to  the  theory  that  ent- 
amoebic  dysentery  is  more  common  in  the  hills  than  in  the  plains  of 
the  tropics,  as  we  have  frequently  met  with  it  in  persons  residing 
in  the  low  country.  We  have  noted  the  disease  all  the  year  round, 
but  It  would  appear  to  be  more  prevalent  towards  the  end  of  the 
dry  and  the  beginning  of  the  wet  seasons,  which  probably  merely 
means  that  the  chance  of  drinking  polluted  water  is  greater  at  that 
time,  for  though  the  climatological  characters  are  not  well  under- 
stood, the  disease  appears  to  bear  a  constant  relationship  to  con- 
taminated water. 

Entamoebic  dysentery  is  generally  endemic,  and  does  not  spread 
in  epidemic,  still  less  in  pandemic,  form.  Probably,  as  medical 
science  advances,  it  will  be  found  to  be  of  more  frequent  occurrence 
and  of  wide  distribution. 

^tiology. — Entamoebic  dysentery  is  caused  by  Entamceba  histo- 
lytica ■Scha.udmn  1903,  by  Entamoeba  tetragena  Viereck  1907,  by 
E.  minuta  Elmassian  1909,  and  possibly  by  other  Entamoeba,  for 
Noc  has  described  cases  of  dysentery  caused  by  an  Entamceba  mor- 
phologically similar  to  E.  histolytica,  but  easily  cultivated.  The  life 
histories  of  the  various  species,  as  far  as  they  are  known,  have 
already  been  described  in  Chapter  XI.  Musgrave's  researches  in 
Manila  point  to  the  fact  that  the  most  common  source  of  these 
parasites  is  the  drinking-water,  but  it  is  possible  that  contaminated 
food,  and  especially  green  vegetables,  may  play  an  important  part 
in  their  dissemination. 

There  does  not  appear  to  be  any  well-established  racial  or  age 
predispositions,  but  the  disease  is  less  common  in  women  than  in 
men,  perhaps  because  they  are  in  some  way  less  exposed  to  infection. 
Pathology. — The  spores  of  the  Entamoebse  enter  the  body  usually 
by  the  drinking-water,  and  less  frequently  by  food,  and  produce 
the  young  Entamoebas  on  arrival  in  the  large  bowel.  These  young 
forms  enter  the  mucosa,  probably  by  passing  between  the  cells 
lining  Lieberkuhn's  follicles,  and  then,  entering  the  lymphatics, 
make  their  way  through  the  muscularis  mucosae  into  the  submucosa, 
where  they  live  and  feed  upon  the  tissue  cells,  red  cells,  and  perhaps 
leucocytes.  They,  however,  invade  not  merely  the  tissue  of  the 
submucosa,  but  also  the  radicles  of  the  portal  vein,  and  at  times  the 
branches  of  the  mesenteric  arteries,  in  which  they  may  cause  throm- 
bosis. From  the  radicles  of  the  portal  vein  they  may  be  carried 
to  the  liver,  and  cause  hepatitis  and  hepatic  abscess. 

In  the  submucosa  they  induce  cellular  and  oedematous  infiltra- 
tions, which  cause  the  mucosa  to  project  in  the  form  of  small 
elevations,  which  generally  show  a  minute  blackish  point  or  slough 
at  the  summit.     This  slough  is  cast  off,  and  a  small  ulcer  is  formed, 
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which  rapidly  deepens  until  it  extends  into  the  submucosa.  These 
ulcers  become  infected  with  bacteria,  and  quickly  extend  by  the  ]oint 
action  of  the  bacteria  and  the  Amoebae  forming  roundish  or  ovaJ 
ulcers  with  undermined  edges  ;  in  the  latter  case  the  long  axis  ot 
the  ulcer  lies  transverse  to  the  direction  of  the  bowel.  These  ulcers 
may  deepen  until  the  muscular  and  the  peritoneal  coat  is  exposed, 
and  even  perforated,  which,  of  course,  leads  to  peritonitis  or  abscess 
formation,  according  to  the  position  of  the  perforation. 

Entamcebic  dysentery  would  appear  to  undergo  m  many  cases  no 
spontaneous  cure,  but  may  at  times  remain  quiescent,  forming  a 
type  of  latent  amoebic  dysentery,  which  may  be  found  accidentally 
while  performing  an  autopsy.  When  the  ulcers  heal,  which  they 
do  by  the  formation  of  connective  tissue,  a  distinct  scar  is  formed, 
which  is  often  black  in  colour  from  the  action  of  the  sulphuretted 
hydrogen  of  the  bowel  upon  the  iron  of  the  blood.  When  cica- 
trization takes  place,  the  lumen  of  the  bowel  may  be  constricted, 
causing  stenosis  and  obstinate  constipation.  Peritonitic  adhesionE 
are  also  very  common,  binding  the  large  bowel  to  the  viscera  or 
walls  of  the  abdomen  and  pelvis. 

Sometimes,  when  the  infection  is  severe,  the  bowel  becomes 
gangrenous ;  at  other  times  the  Amoebae  may  be  carried  to  the  liver 
or  other  parts  of  the  body,  and  form  abscesses,  which,  though  most 
commonly  met  with  in  the  liver,  may  still  occur  in  the  spleen,  the 
salivary  glands,  and  elsewhere. 

Morbid  Anatomy. — Usually  the  body  of  a  person  dying  from 
entamoebic  dysentery  is  emaciated,  and  the  abdomen  is  sunken. 
Rigor  mortis  begins,  and  passes  off  early,  and  decomposition  sets 
in  quickly.  On  opening  the  abdomen,  it  is  noticed  that  the  tissues 
are  dry,  and  that  a  peculiar  odour  is  perceived ;  the  omentum  may 
be  normal  or  congested,  and  may  or  may  not  be  adherent.  The  coils 
of  the  small  intestine  are  usually  normal,  but  may  be  congested, 
The  large  intestine  is  generally  contracted  and  thickened,  but  may 
be  gangrenous  in  places  or  along  its  entire  length.  There  may  be 
perforation  and  purulent  peritonitis.  The  mesocolon  may  bf 
congested,  and  oedematous  or  thin  and  fibrous,  and  adhesions  tc 
various  organs  may  be  noted.  The  mesocolic  glands  are  usuallj 
enlarged  and  hyperaemic.  The  colon  may  be  found  adherent  tc 
the  liver,  the  spleen,  or  the  wall  of  the  pelvis,  while  internally  th( 
mucosa  will  be  found  to  be  reddened  and  inflamed,  and  to  shov 
more  or  less  numerous  areas  of  ulceration  and  infiltration.  Thes( 
areas  are  most  commonly  found  in  the  caecum,  the  hepatic  flexure 
and  the  sigmoid  colon,  but  may  occur  anywhere  along  the  course 
of  the  large  intestine.  In  places  small  nodules  surrounded  by  a  rinj 
of  dilated  vessels  may  be  observed,  between  which  the  mucosa  maj 
or  may  not  be  normal,  whUe  the  nodules  may  show  superficial  o: 
deep  ulceration.  Deeper  circular  or  oval  ulcers  may  be  noted  witl 
their  surface  covered  with  a  dark  reddish  slough,  their  edges  under 
mined,  and  their  base  formed  by  the  muscular  coats.  In  the  casi 
of  the  oval  ulcers,  the  longer  diameter  lies  transverse  to  the  Ion] 
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diameter  of  the  bowel,  as  a  rule.  The  peritoneal  coat  may  be 
normal,  inflamed,  or  softened  and  gangrenous.  Usually  the  mus- 
cular coat  is  thickened,  as  are  the  remains  of  the  submucosa. 
Scrapings  from  these  ulcers  reveal  blood  cells,  leucocytes,  bacteria, 
and  Entamcebae.  The  small  intestine  may  show  small  bright  red 
nodules,  and  the  Peyer's  patches  may  be  enlarged.  The  vermiform 
appendix  is  usually  normal,  but  occasionally  may  be  ulcerated. 

The  Uver  is  often  fatty,  but  may  be  congested  and  inflamed,  oi 
may  show  one  or  more  abscesses.  The  pancreas  is  generally  normal, 
but  may  be  cirrhotic  in  chronic  cases.     The  spleen  is  also  usuallj 


Fig.  336.— The  Colon  in  a  Case  of  Entamcebic  Dysentery. 

normal,  but  may  contain  an  abscess ;  the  kidneys  often  shov 
signs  of  parenchymatous  inflammation.  The  heart  and  lungs  ar( 
generally  normal,  but  the  former  may  be  fatty  or  show  browi 
atrophy,  and  the  latter,  especially  the  right  lung,  may  show  : 
hepato-pulmonary  abscess. 

Symptomatology.— The  symptomatology  of  entamcebic  dysenter; 

may  be  classified  into — 

1.  Acute  Type. 

2.  Chronic  Type. 

3.  Latent  Type. 

4.  Mixed  Type. 
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1.  Acute  Type. — The  onset  is  abrupt,  but  may  occasionally  b( 
preceded  for  a  few  days  by  slight  diarrhoea,  alternating  with  con 
stipation.  Pain  is  felt  in  the  lower  part  of  the  abdomen,  whicl 
may  become  very  severe,  while  the  motions  are  attended  with  mucl 
griping  and  straining.  These  motions,  which  rarely  exceed  thirtj 
per  diem,  contain  blood  and  mucus,  and  occasionally  greenisl 
material,  and  when  examined  by  the  microscope  reveal  leucocytes 
mucus,  Charcot-Leyden  crystals,  Entamoebae,  bacteria,  and  at  time; 
shreds  of  tissue. 

The  tongue  is  moist,  and  often  coated  with  a  white  fur,  and  there 
is  usually  anorexia,  and  there  may  be  nausea  and  vomiting,  whil« 
digestion  is  usually  much  impaired.  The  abdomen  is  sunken,  the 
liver  and  spleen  normal,  but  tenderness  is  felt  on  pressure  along  the 
whole  or  a  part  of  the  large  bowel. 

The  examination  of  the  heart  and  lungs  reveals,  as  a  rule,  no 
abnormality,  but  the  pulse  and  respirations  are  quickened.  The 
microscopical  examination  of  the  blood  usually  shows  that  the  red 
cells  are  diminished,  and  sometimes  that  there  is  leucocytosis 
(upwards  of  20,000  per  cubic  millimetre),  and  at  times,  as  first 
pointed  out  by  Billet,  the  number  of  eosinophiles  is  distinctly 
increased,  even  when  there  is  no  concomitant  helminthiasis. 

The  urine  is  diminished  in  quantity,  and  sometimes  contains 
albumin  and  casts ;  but  the  skin  is  generally  normal,  though  there 
is  often  some  fever  of  a  remittent  type,  which,  however,  may  be 
entirely  absent. 

When  the  temperature  falls  to  normal,  and  the  pain  and  tenderness 
abate,  these  may  be  favourable  signs,  or  may  be  merely  a  prelude 
to  a  gangrenous  complication  or  a  haemorrhage.  If  recovery  is  to 
take  place  the  motions  become  less  frequent  and  more  faeculent,  and 
contain  less  blood  and  mucus,  and  gradually  improve  until  normal 
motions  are  passed.  If  death  takes  place,  which  usually  happens 
about  the  end  of  the  first  week,  and  ten  days  from  the  commence- 
ment, it  is  generally  caused  by  exhaustion,  or  much  more  rarely  by 
perforation  and  peritonitis  or  haemorrhage. 

2.  Chronic  Type. — This  may  follow  an  acute  attack,  or,  in  many 
cases,  may  begin  quite  insidiously,  the  symptoms  being  merely 
those  of  diarrhoea,  associated  at  times  with  abdominal  pain  and  the 
passage  of  faeculent  motions  mixed  with  mucus  and  sometimes 
streaked  with  blood,  while  in  the  intervals  between  these  exacerba- 
tions there  may  be  constipation.  An  exacerbation  is  usually 
ushered  in  bypain  in  the  abdomen,  shght  fever,  griping,  and  tenesmus, 
and  passage  of  blood  and  mucus  in  the  motions,  while  the  faeces 
contain  small  greyish  masses,  in  which  the  Entamcebae  may  be 
found.  The  number  of  motions  per  diem  is  not  excessive,  and  may 
be  only  twelve  to  fourteen.  Usually  they  are  passed  somewhat 
more  frequently  at  night  than  in  the  day.  Gangrenous  complica- 
tions may,  however,  occur  at  any  time  in  the  course  of  an  exacerba- 
tion, or,  indeed,  during  any  stage  of  this  type,  when  large  sloughs, 
smelling  offensively,  may  be  passed  with  the  motions.     Chronic 
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dysentery  may  persist  for  years,  and  cause  the  patient  to  slowlv 
emaciate. 

3-  Latent  Type.~We  have  several  times  met  with  cases  in  which, 
though  dysenteric  symptoms  were  absent,  still,  Amoebae  were  present 
m  the  motions,  and  others  in  which  dysenteric  ulcers  were  only  dis- 
covered accidentally  on  post-mortem  examination,  the  death  being 
due  to  other  causes.  This  latent  condition  is  important,  as  it  can 
easily  lead  to  an  acute  attack  or  to  liver  abscess,  and  no  doubt  these 
'  entamcebic  carriers,'  as  has  been  noted  by  Martini,  Vincent,  and 
others,  are  a  source  of  the  dissemination  of  the  infection. 

4.  Mixed  Type. — These  are  cases  in  which  there  is  a  mixed  in- 
fection of  Entamoeba  histolytica  and  the  Shiga-Kruse  bacillus. 
Usually  in  these  cases  the  motions  are  numerous  from  the  first,  and 
there  is  considerable  fever,  nausea,  vomiting,  and  great  constitu- 
tional disturbance.  The  motions  are  apt  to  be  very  offensive,  and 
to  contain  sloughs,  indicating  a  gangrenous  condition  of  the  bowel. 
Exhaustion  may  come  on  early,  and  the  patient  may  die  delirious 
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Fig.  337.— Entamcebic  Dysentery  complicated  by  Hepatitis. 

or  comatose,  or,  more  rarely,  from  peritonitis,  with  or  without  per- 
foration. More  rarely  improvement  sets  in,  and  the  disease  becomes 
chronic. 

Complications. — The  most  usual  complication  is  hepatitis  and 
hepatic  abscess ;  more  rarely  gangrene  of  the  bowel  and  peritonitis 
may  supervene  during  an  attack ;  while  haemorrhage  is  a  most 
unusual  complication.  The  hepatitis  is  recognized  by  the  tender- 
ness in  the  right  hypochondrium  and  by  the  rise  in  the  temperature, 
but  it  and  the  hepatic  abscess  will  be  discussed  in  a  subsequent 
chapter. 

Sequelae. — The  important  sequel  to  an  attack  of  entamcebic 
dysentery  is  liver  abscess,  but  abscesses  in  other  parts  of  the  body 
such  as  the  spleen  may  be  met  with.  Stenosis  of  the  sigmoid  colon, 
due  to  the  cicatrization  of  the  healing  ulcers,  is  well  known,  and  will 
be  dealt  with  under  the  heading  of  Bacterial  Dysentery.  Sprue 
is  ofteti  said  to  be  a  sequel  of  dysentery,  but  this  must  be  con- 
sidered to  be  doubtful. 
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Diagnosis. — The  diagnosis  between  bacterial  and  amoebic  dysen 
tery  by  clinical  phenomena  only  is,  in  our  opinion,  impossible  ii 
most  cases,  though  several  observers  have  attempted  to  defin( 
several  differential  points.  These  authors  state  that  entamcebi( 
dysentery  is  to  be  distinguished  from  bacillary  dysentery  by  iti 
chronic  course,  its  rare  pyrexia,  and  the  absence  of  toxic  sjnnptoms 
while  it  is  often  followed  by  liver  abscess.  Apart  from  the  las- 
feature,  the  other  so-called  differential  signs  have,  in  our  ex 
perience,  no  importance,  as  we  have  come  across  extremely  acut( 
cases  of  entamoebic  dysentery  with  fever  and  toxic  symptoms. 

The  only  certain  method  of  diagnosis  is  by  the  discovery  o: 
Entamoeba  histolytica,  or  more  rarely  E.  tetragena  in  the  stools.  Ii 
is  practically  important  to  distinguish  between  E.  histolytica  anc 
the  harmless  E.  coU.  The  former  is  larger,  and  possesses  an  ecto- 
plasm, which  is  easily  differentiated  from  the  endoplasm  ;  it  i; 
more  actively  motile  than  E.  coli,  and  often  contains  erythrocyte; 
and  bacteria.  The  nucleus  of  E.  histolytica  is  eccentric,  small 
and  generally  indistinct,  does  not  stain  deeply,  and  has  very  littl« 
chromatin. 

Prognosis. — ^The  prognosis  in  a  case  of  entamoebic  dysentery  musi 
always  be  guarded,  as  there  is  the  possibility  of  hepatic  abscess 
as  sequela  of  the  mildest  case.  The  prognosis  is  worst  in  the 
gangrenous  cases,  better  in  the  acute,  and  still  better  in  the  mile 
chronic  cases,  but  the  danger  of  latency  after  an  apparent  cure 
must  be  remembered.  In  the  acute  type  hiccough  is  an  un- 
favourable sign,  often  indicating  the  approach  of  exhaustion  anc] 
death. 

Treatment. —  It  is  of  the  utmost  importance  that  the  patient 
should  be  placed  at  rest  in  bed.  For  the  same  purpose  the  urine 
bottle  and  the  bed-pan  must  be  used.  It  is  advisable  to  relieve  the 
severe  griping  and  straining  by  either  a  hypodermic  injection  oi 
morphia  or  by  small  enemata  of  40  minims  of  laudanum  in  i  ounce 
of  mucilage  of  starch,  or  by  using  a  morphia  (gr.  J),  or  codeine 
(gr.  J)  suppository. 

At  first  the  bowels  should  be  swept  clean  by  a  dose  of  castor  oil 
(3iv.  to  vi.),  with  or  without  a  few  minims  of  liquor  opii  sedativus 
or  a  few  doses  of  saline  may  be  given  during  the  first  twenty-foui 
hours  (see  Bacillary  Dysentery).  After  the  castor  oil  has  acted; 
ipecacuanha  should  be  administered  in  5-grain  doses  every  three  01 
six  hours,  or  in  larger  doses  (gr.  x.  to  xx.)  twice  daily,  given  eithei 
in  the  form  of  '  membroids  '  or  as  pills  coated  with  salol  varnish  o] 
keratin.  Our  experiments  in  vitro  tend  to  show  that  membroids 
and  salol  varnish  do  not  dissolve  freely  in  peptic  juice,  while  they  dc 
so  in  pancreatic  juice.  The  salol  varnish  was  very  efficient,  bu1 
care  must  be  taken  that  too  thick  a  coating  is  not  used,  as  it  maj 
not  dissolve  in  pancreatic  juice.  Practically,  however,  in  man  the 
membroids  are  better  than  the  salol  varnish.  In  this  way  th( 
nauseating  effects  of  the  ipecacuanha  are  often  avoided  withoui 
diminishing  its  efficiency,  which  is  the  result  of  using  the  de 
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emehzed  drug.  Administered  in  the  above  methods,  there  is,  ij 
most  cases,  no  fear  of  nausea,  and  the  precautions  usually  advisee 
need  not  be  carried  out.  Rarely  the  membroids  and  salol  varnishec 
puis  may  be  passed  unaltered  in  the  motions,  and  in  such  cases  tb 
oxug  should  be  given  in  cachets  or  in  suspension  in  mucilage  anc 
chloroform  water.  When  these  are  not  obtainable,  ipecacuanha  maj 
be  given  m  cachets  or  pills  (gr.  x.  to  xx.  twice  a  day),  and  shoulc 
be  preceded  a  quarter  of  an  hour  by  a  dose  of  15  minims  of  tinctun 
of  opium,  in  order  to  prevent  the  possible  vomiting. 

When  the  acute  symptoms  have  passed  away,  intestinal  irriga 
tions  are  useful,  and  should  be  administered  every  other  day,  0: 
once  or  twice  daily.  We  generally  use  a  solution  of  tannic  acic 
(3  to  5  m  1,000),  or  a  solution  of  the  bihydrochloride  of  quinine  ii 
varying  strength  from  i  in  5,000  to  i  in  750.  About  ^  to  3  pint: 
should  be  very  slowly  injected  by  gravity  from  a  glass  douch( 
vessel  by  means  of  a  long  soft  rectal  tube  well  greased  with  borii 
vaseline.  This  injection  may  be  preceded  by  a  cocaine  or  morphin( 
(gr.  J)  suppository  introduced  half  an  hour  previously. 

Other  substances  used  for  rectal  irrigations  are  :  Acetozone  (i  in  2,000) 
alphozone  (i  in  2,000)  ;  argentum  nitras  (i  in  2,000,  i  in  1,000),  useful  ii 
some  very  chronic  cases  ;  protargol  (i  in  500).  Creosote  is  recommended  h^ 
Zanardini,  and  maybe  used  by  injecting  2  pints  of  i  in  300  or  i  pint  of  i  ii 
100.  The  injection,  however,  may  be  followed  by  symptoms  of  absorption— 
e.g.,  dyspnoea  and  faintness.  A  solution  of  sodium  hypochlorite  may  b 
used  :  two  pints  of  8  to  12  in  1,000  being  recommended  by  Vincent  once  o 
twice  a  day,  which  is  also  useful  for  entamoebic  carriers. 

In  gangrenous  dysentery  the  only  chance  of  saving  the  life  of  thi 
patient  is  to  perform  the  operation  of  appendicostomy,  and  irrigati 
the  whole  lower  bowel  with  quinine  lotion.  The  details  of  thi; 
operation  are  given  under  the  heading  Bacterial  Dysenteries 
With  regard  to  the  treatment  of  symptoms,  the  most  important  ii 
the  relief  of  pain  by  hypodermic  injections  of  morphia  or  by  fomen 
tations  sprinkled  with  opium  and  applied  to  the  abdomen.  As  th( 
case  progresses  favourably,  a  bismuth  mixture  or  tannalbin  ii 
cachets  (gr.  xv.  every  two  to  four  hours)  may  be  given,  while  th( 
irrigation  may  be  diminished  and  stopped,  and  finally  a  tonic  maj 
be  prescribed. 

We  are  strongly  of  opinion  that  the  ipecacuanha  should  con 
tinue  to  be  given  in  smaller  doses  long  after  the  dysenteric  symptom: 
have  disappeared,  in  order  to  prevent  relapses,  and  possibly,  also 
the  development  of  a  liver  abscess,  which  is  the  most  dangerous 
sequel.  Among  the  other  drugs  twhich  have  been  recommended 
in  the  treatment  of  entamoebic  dysentery  are  Simaruba  oficinalii 
and  the  so-called  Kho-sam  powder. 

The  former  is  recommended  by  Manson  to  be  used  as  a  decoctior 
which  is  prepared  by  taking  simaruba  bark,  pomegranate  fruit- 
rind,  and  gum  arable  15  grammes  of  each,  and  placing  in  a  Htr( 
of  warm  water,  which  is  boiled  till  reduced  to  half  its  bulk,  and  o 
this  decoction  i  ounce  is  taken  three  or  four  times  a  day. 
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The  latter  (Kho-sam  powder)  is  derived  from  the  berries  o 
Brucia  antidysenterica  and  B.  sumatran(i,  which  grow  in  Indo 
China.  It  is  administered  in  pill  form,  i  grain  being  given  two  t( 
four  times  a  day. 

If  cicatrization  of  the  colon  results  with  stenosis,  then  sigmoid 
oscopy  must  be  performed,  and  the  condition  treated  as  describee 
under  Bacterial  Dysentery.  Liver  abscess  is  considered  separately 
Abscesses  in  other  parts  of  the  body — e.g.,  the  spleen — are  rarelj 
met  with,  though  it  is  possible  that  some  of  the  inexplicable  deep 
seated  abscesses  may  have  their  causation  in  Entamcebae. 

The  diet  should  be  the  same  as  that  to  be  described  presentlj 
under  the  heading  Bacterial  Dysentery.  During  convalescence  thi 
food  must  be  slowly  and  carefully  increased,  no  acid  or  very  warn: 
substances  being  allowed. 

Prophylaxis. — ^The  prophylaxis  consists  in  the  drinking  of  onlj 
boiled  and  filtered  water,  and  the  avoidance  of  salads  and  uncooked 
vegetables. 

The  Entamoebae  were  shown  to  exist  in  the  drinking-water  ir 
Manila,  and  it  was  found  that  copper  sulphate  added  to  the  watei 
of  the  large  reservoirs  was  useless,  as  was  a  large  filter-bed,  and  that 
in  fact,  the  only  safeguard  was  to  sterilize  the  water  by  boiling. 

(b)  Laveranic  Dysentery. 

Definition. — ^An  acute  enteritis  and  colitis  caused  by  Laverania  malaiia 
Grassi  and  Feletti,  and  characterized  by  high  fever,  associated  with  the  passag( 
of  frequent  motions  containing  blood  and  mucus. 

Symptomatology. — The  attack  usually  begins  suddenly,  with  high  fever 
great  distress,  and  prostration.  The  tongue  is  coated,  the  abdomen  tender 
and  many  motions  are  passed  containing  blood  and  mucus.  Unless  corxectlj 
treated,  the  condition  becomes  serious,  and  rapidly  leads  to  the  death  of  the 
patient. 

Diagnosis. — The  routine  examination  of  the  blood  in  all  cases  of  tropica' 
disease  will  prevent  mistakes  being  made,  as  the  presence  of  numerous 
subtertian  parasites  in  the  blood  will  reveal  the  nature  of  the  complaint. 

Treatment. — Quinine  should  be  given  in  Ip-rge  doses,  and  the  intestinal 
symptoms  first  treated  with  castor  oil  or  salines,  and  then  with  astringents, 
such  as  bismuth  subnitrate,  tannalbin,  and  salol. 

(c)  Leishmanic  Dysentery. 

Definition. — An  acute  enteritis  and  colitis  caused  by  Leishmania  donovanni. 
and  characterized  by  the  passage  of  blood  and  mucus  in  the  motions. 

Symptomatology  and  Treatment. — As  already  mentioned  in  the  chapter 
on  Kala-Azar,  dysenteric  symptoms  closely  allied  to  true  dysentery  may 
appear  during  the  course  of  that  disease,  and  must  be  treated  on  the  same 
lines  as  those  laid  down  for  the  treatment  of  kala-azar,  together  with  sympto- 
matic treatment  as  indicated  above.  • 

(d)  Ciliar  Dysenteries. 

One  variety  of  the  ciliar  dysenteries  may  be  briefly  mentioned— 
viz.,  that  caused  by  Balantidium  coli  Malmsten.  Other  less-known 
causes  are  Colpoda  cucullus,  Balantidium  minutum,  Nyctotherus  faha, 
and  A^.  giganteus. 
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Balantidic  Dysentery. 

n.,?cS'^*'°DT^'^^^'''^^^  "^^  ^'^^°'^^''  ulceration  of  the  large  intestin 
caused  by  Bdanhdium  colt  Malmsten. 

History.— Leeuwenhoek  originally  discovered  the  parasite  Balan 
Udtum  coh,  but  Malmsten  described  and  named  it.  The  latte 
observer  found  it  in  the  motions  of  a  man  suffering  alternately  fron 
diarrhoea  and  constipation.  Other  cases  have  been  recorded  b^ 
btrong,  Dehio,  and  Klemeniko. 

Climatology.— The  disease  is  known  to  occur  in  man  in  th. 
f-hiiippine  Islands,  Japan,  and  Europe,  while  the  parasite  is  said  h 
be  constantly  found  in  pigs. 

^tiology.— The  cause  of  the  disease  is  Balantidium  coli  Malmsten 
which  may  be  different  from  the  parasite  found  in  pigs. 

Pathology.— The  method  of  infection  is  unknown.  The  parasit( 
appears  to  enter  the  mucosa,  in  which  it  wanders,  causing  an  in 
ilammatory  reaction  and  ulceration. 

Morbid  Anatomy.— The  intestine  may  show  a  diphtheritic  fals( 
membrane,  with  usually  a  number  of  ulcers  in  the  rectum  anc 
colon,  and  on  microscopical  examination  the  parasites  can  be  founc 
in  the  mucosa  surrounded  by  a  round-celled  infiltration. 

Symptomatology.— The  disease  is  insidious  in  its  onset,  beinj 
marked  by  attacks  of  diarrhoea,  alternating  with  constipation  anc 
vomiting,  with  anorexia  and  the  passage  of  mucus  in  the  motions 
(Edema  of  the  face  and  limbs  may  set  in,  and  death  result  fron 
exhaustion. 

Complication. — The  parasite  may  enter  the  liver  and  form  cysts. 

Treatment. — No  treatment  is  known  to  do  any  good,  but  the 
symptomatic  treatment  laid  down  for  entamoebic  dysentery  ma} 
be  tried,  beginning  with  castor  oil  or  salines,  and  followed  bj 
intestinal  irrigations  of  tannic  and  boric  acids  or  quinine.  Largf 
rectal  injections  of  a  solution  of  methylene  blue,  i  in  3,000,  combined 
with  the  internal  administration  of  the  same  drug  in  2-grain  doses 
in  cachets  or  pills,  may  also  be  tried. 

Propliylaxis. — It  is  not  certain  that  the  parasite  found  in  the  pi§ 
is  the  same  as  the  human  parasite,  and,  further,  the  method  of  in 
fection  being  quite  unknown,  no  useful  remarks  can  be  made  with 
regard  to  prophylaxis. 

Flagellate  Diarrhcea  and  Dysentery. 

Definition. — Flagellate  diarrhoea  is  an  acute  or  chronic  specific  diarrhoea 
due  to  Cercomonas  hominis  Davaine  1854,  Trichomonas  hominis  Davaine  1854, 
and  Lamblia  intestinalis  Lambl  1859. 

Climatology. — These  parasites,  and  the  diarrhoeas  associated  therewith, 
appear  to  occur  in  temperate  and  warm  climates  alike.  They  certainly  are 
very  common  in  Ceylon,  and  have  been  met  with  in  Africa  and  Hong-Kong. 
In  the  latter  place  Bell  has  described  large  parasites  like  encysted  Amoebae, 
showing  circular  movement,  and  breaking  up  into  four  pear-shaped,  actively 
motile  bodies  containing  a  contractile  vacuole,  the  only  other  parasite  in  the 
motions  being   Cercomonas  hominis.     We  have  seen  similar  cysts  which  are 
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uninucleate,  and  which  broke  up  into  bodies  which  were  obviously  the  Cerco- 
monas  hominis,  with  which  the  motion  was  teeming. 

Smyptomatology. — When  in  small  numbers  the  only  symptoms  are  those  o: 
diarrhoea,  with  liquid  brown  motions,  containing  yellow  flakes,  which  ar< 
composed  of  epithelial  cells  and  leucocytes,  around  which  the  parasites  an 
formed  in  large  numbers.  They  are  rarely  the  cause  of  dysenteric  diarrhoea 
characterized  by  the  passage  of  blood  and  mucus,  and  the  presence  of  fever 
furred  tongue,  tenesmus,  and  abdominal  pain. 

Treatment. — The  best  treatment  is  to  administer  enemata  of  3  pints  o: 
I  in  3,000  solution  of  methylene  blue  twice  daily,  and  to  administer  methy 
lene  blue  (gr.  ii.)  by  the  mouth  in  cachets  or  pills.  The  patient  should  bf 
told  that  the  urine  will  become  blue,  otherwise  he  will  become  much  alarmed 

Spirochaetie  Dysentery. 

Le  Dantec  has  described  a  form  of  dysenteric  diarrhoea  due  to  spirochaetes 
Further  researches  are,  however,  necessary  to  determine  whether  the  spiro 
chaetes  are  the  true  aetiological  factor  of  the  complaint.  In  our  experienc( 
spirochaetes  may  be  found  in  the  stools  of  several  cases  of  bacterial  and  ent 
amoebic  dysentery,  and  also  in  normal  stools. 

II.  THE  PLATYHELMINTHIC  DYSENTERIES. 

Fasciolopsis  buski,  Schistosomum  japonicum,  and  S.  mansoni  cause  dysenterii 
symptoms,  which  can  only  be  diagnosed  by  the  discovery  of  the  eggs  in  th( 
motions.  The  symptoms  produced  by  the  latter  worms  are  described  in  detai 
in  Chapter  XLVI.,  while  those  of  the  former  still  require  detailed  investigation 

III.  THE  NEMATHELMINTHIC  DYSENTERIES. 

Nemathelminthic  dysentery  is  due  to  the  sclerostome  (Esophagostomun 
brumpti  Railliet  and  Henry  1905,  immature  females  of  which  were  found  b; 
Brumpt  in  cyst-like  nodules  in  the  caecum  and  colon  of  a  negro  in  Wes 
Africa.  Similar  symptoms  are  caused  by  CEs.  stephanostomum  var.  Thomas 
Railliet  and  Henry  1909,  discovered  in  South  America  by  Thomas. 

IV.  THE  ARTHROPODIC  DYSENTERIES. 

We  have  already  drawn  attention  to  the  fact  that  diarrhoeas  and  dysenteric 
may  be  caused  by  the  presence  of  species  of  the  Chilopoda  and  Diplopoda 
and  by  the  larvae  of  flies  in  the  intestine,  but  these  are  rare,  and  have  alreadi 
been  sufficiently  described. 

B.  DYSENTERIES  CAUSED  BY  BACTERIA. 
The  Bacillary  Dysenteries. 

Synonyms.  —  Bacillenruhr  (German)  ;  Dysenteric  Bacillairi 
(French)  ;  Dissenteria  Bacterica  (Italian). 

Definition. — ^The  baciUary  dysenteries  are  acute  or  chronic 
endemic  or  epidemic,  specific  intestinal  disorders  caused  by  severa 
varieties  of  bacteria,  which  are  disseminated  largely  by  means  0 
the  faecal  matter  of  dysentery  carriers,  as  well  as  by  that  of  person: 
suffering  from  these  disorders.  From  the  sources  of  infection  tb 
germs  are  conveyed  to  food  or  drink  by  the  agency  of  flies,  dust 
surface  water,  and  direct  contact  with  any  contaminated  substance 
Infection  usually  takes  place  by  the  consumption  of  contaminatec 
food  or  drink,  more  rarely  by  direct  contact  with  contaminatec 
substances.  In  the  body  the  micro-organisms  cause  a  specifii 
inflammation  of  the  large,  and  occasionally  also  of  the  small,  intes 
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tine,  which  is  characterized  by  diarrhoea,  usually  accompanied  b) 
pain,  tenesmus,  and  the  passage  of  blood  and  mucus  in  the  motions 
More  rarely  the  bacilli  cause  a  general  septicaemia. 

History. — For  years  the  theory  of  a  bacterial  causation  foi 
dysentery  found  many  supporters,  among  whom  may  be  mentionec 
Klebs,  Prior,  Ziegler,  Hlava,  Chantemesse,  Widal,  and  Grigoriew 
all  of  whom  attempted  to  isolate  a  specific  organism. 

Maggiora,  Laveran,  Arnaud,  and  Escherich  believed  that  thi 
Bacillus  coli  communis  was  the  true  cause,  while  Celli  described  a< 
the  cause  of  the  disease  a  bacillus  fermenting  glucose  and  clotting 
milk,  which  he  called  the  Bacillus  coli  dysentericus  ;  but  according 
to  his  more  recent  descrijftion  some  strains  produce  very  little  o: 
no  gas  in  glucose  media,  and  may  not  clot  milk,  and  closely  resembh 
"Flexner's  bacillus. 

During  an  epidemic  in  the  province  of  Oita,  in  Japan,  Ogatj 
isolated  a  bacillus  which  liquefied  gelatine,  stained  by  Gram's 
method,  and  produced  intestinal  ulcers  in  guinea-pigs  and  cats,  £ 
discovery  which  was  confirmed  by  Vivaldi  of  Padua,  but  not  bj 
other  observers. 

In  the  same  year  Calmette  announced  that  the  Bacillus  pyo 
cyaneus  was  a  cause  of  dysentery  in  Cochin  China,  an  observatioi 
since  confirmed  by  Lartigan  in  the  United  States,  Adami  in  Canada 
and  others,  but  not  generally  accepted. 

The  elucidation  of  the  aetiology  of  bacillary  dysentery  is  due  t( 
the  investigations  of  Shiga  in  Japan  and  Kruse  in  Germany  durinj 
the  years  1898-1900.  They  described  as  the  cause  of  the  malady 
a  short  bacillus,  not  decolourized  by  Gram,  not  clotting  milk,  no 
producing  gas  in  any  sugar  media.  There  was  at  first  some  differ 
ence  of  opinion  as  regards  motility,  but  Kruse's  statement  that  thi 
bacillus  was  always  non-motile  has  been  proved  to  be  correct 
Kruse  was  also  the  first  observer  to  state  that  there  were  mon 
than  one  variety  of  dysenteric  bacilli. 

In  1900  Flexner  reported  that  he  had  isolated  a  moderateh 
motile  bacillus  from  cases  of  dysentery  in  Manila  identical  witl 
Shiga's  bacillus,  and  producing  a  severe  muco-haemorrhagic  diarrhoe; 
in  a  human  being  who  was  the  victim  of  an  accidental  laboratorj 
infection.  This  bacillus  was  later  demonstrated  to  be  non-motile 
and  to  differ  in  several  respects  from  Shiga's  bacillus,  notably  ir 
fermenting  certain  sugar  media,  and  could  be  distinguished  there 
from  by  the  different  biological  tests.  These  results  have  beer 
frequently  confirmed  by  observers  in  different  parts  of  the  world 
Strong  isolated  a  bacillus  slightly  different  from  that  of  Flexner 
also  from  cases  in  Manila. 

In  1903  Hiss  and  Russell  separated  a  bacillus  which  closelj 
resembles  Flexner's  bacillus,  but  fails  to  ferment  saccharose.  Thii 
bacillus  is  often  called  the  Y  bacillus.  In  1904  Castellani  isolatec 
a  bacillus  from  cases  in  Ceylon  which  he  named  the  '  paradysenteric 
bacillus.'  In  the  same  year  Duval  and  Schorer  isolated  a  bacillui 
which  they  believed  to  belong  to  the  dysentery  group,  but  whicl 
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fermented  lactose.  Several  other  germs  have  been  described  b} 
various  authorities,  while  Kruse,  Flexner,  Lucet,  Conradi,  anc 
others  have  made  a  detailed  study  of  the  pathogenesis  of  the  disease 

Climatology. — Bacillary  dysentery  is  found  aU  over  the  world 
in  cold,  temperate,  and  warm  chmates,  but  especially  in  the  latter 
In  temperate  chmates  the  germs  probably  cause  a  type  of  the  in 
fantile  diarrhoeas,  which  are  such  potent  factors  in  the  infantile 
mortality  of  those  regions,  while  they  are  also  responsible  for  the 
endemic  and  epidemic  cases  so  frequently  met  with  in  Europe  anc 
America. 

In  the  tropics  they  are  also  extremely  common,  occurring  more 
frequently  at  the  end  of  the  dry  and  the  beginning  of  the  wet  seasons. 
In  certain  regions  and  at  certain  times  the  virulence  of  the  com- 
plaint appears  to  be  increased,  the  reason  of  which  is  not  a.t  present 
available.  Probably  it  depends  upon  the  greater  possibility  oi 
infection,  owing  to  the  drinking-water  being  highly  contaminated 
in  warm  weather,  or  perhaps  to  the  presence  of  multitudes  of  flies. 
The  agency  of  these  or  other  factors  has  not  been  completely 
inquired  into.  Whatever  the  cause  may  be,  it  is  well  known  that 
at  times  the  disease  may  spread  in  epidemic  form  over  larger  oi 
smaller  areas.  These  epidemics  may  be  institutional,  urban,  or 
rural,  or  they  may  attack  a  district,  a  country,  or  a  continent, 
Thus,  celebrated  epidemics  are  known  to  have  occurred  in  Europe 
in  1538,  1717-19,  1779-83,  and  1834-36. 

Dysentery  is  particularly  prone  to  occur  whenever  sanitation 
is  defective,  and  hence  is  found  prevalent  in  lunatic  asylums  and 
in  armies  in  times  of  war  ;  and  this  factor  appears  to  be  more 
potent  than  any  climatological  cause,  and,  indeed,  may  be  the 
principal  reason  why  the  disease  is  so  prevalent  in  the  tropics, 
though  the  high  atmospheric  temperature  of  these  regions  must 
assist  the  growth  of  the  organisms. 

etiology. — Bacillary  dysentery  is  brought  about  by  micro- 
organisms, which  belong,  or  are  allied,  to  two  main  types — viz.  : 

Type  I.  Shiga-Kruse  Bacillus  dysenteries  (does  not  ferment 
mannite) . 

Type  II.  Flexner-Manila  Bacillus  dy sentence  (ferments  mannite). 

These  bacilli  are  found  in  the  dejecta,  and  more  easily  by  scraping 
the  mucus  from  the  surface  of  the  bowel  in  a  post-mortem.  In 
addition  to  these  main  types,  there  are  several  varieties  of  less 
importance,  not  being  so  widely  distributed.     Some  of  these  are : 

A.  Hiss's  Bacillus  Y  dysenteries. 

B.  Strong-Manila  Bacillus  dysenteries. 

C.  Shiga- Tokio  Bacillus  dysenteries. 

D.  Castellani's  Bacillus  paradysenteries. 

E.  Riiffer  and  Willmore's  Bacillus  El  Tor  No.  i. 

Hiss  divides  the  dysentery  bacilli  into  four  principal  groups  : 
Group  I.  Ferments  glucose  only  (Shiga-Kruse  bacillus). 
Group  2.  Ferments  glucose  and  mannite  {Bacillus  Y). 


BACILLARY  DYSENTERY  989 

Group  3.  Ferments  glucose  mannite  and  saccharose  (Flexner  -  Strong- 
Manila  bacillus). 

Group  4.  Ferments  glucose,  mannite,  saccharose,  maltose,  and  dextrine 
(Harris'  bacillus,  WoUstein's  bacillus). 

Leitz,  Kruse,  and  Shiga  have  called  attention  to  the  fact  that  while  the 
fermentation  of  mannite  is  a  reliable  means  of  differentiation  not  so  much  im- 
portance can  be  given  to  the  fermentation  of  maltose,  saccharose,  and  dextrine. 

In  addition  to  these  true  dysenteric  bacilli,  there  are  some  so- 
called  pseudo-dysenteric  bacilli,  which  have  been  classified  by 
Torrey  into  three  groups — Bacillus  A  of  Duval  and  Schorer, 
Bacillus  B  of  Duval  and  Schorer,  Bacillus  C  of  Duval — all  of  which 
are  grouped  together  by  the  facts  that  they  are  dysentery-like 
bacilli  which  do  not  produce  gas,  but  ferment  lactose,  and  are  be- 
lieved to  cause  diarrhoea  in  children.  Allied  to  these  bacilli  is  the 
so-called  alkaline  bacillus,  which  acts  on  dextrose,  and  produces  ai] 
alkali  in  milk  and  other  media.  Flexner  believes  that  these  bacill: 
are  merely  saprophytes.  It  is  to  be  noted,  however,  that  undei 
the  term  '  B.  pseudo-dysentericus '  Kruse  described  a  non-lactos( 
fermenting  bacillus  which  is  the  cause  of  many  outbreaks  of  asylum 
dysentery  in  Germany.  Later  he  used  the  term  '  pseudo-dysentery 
to  denote  every  variety  of  dysentery  caused  by  bacilli  other  thai 
those  of  the  typical  Shiga- Kruse  strain. 

Celli's  B.  coli  dysentencus,  according  to  the  original  description 
is  motile,  clots  milk,  and  produces  gas  in  some  sugar  media,  anc 
therefore  cannot  be  considered  to  belong  to  the  dysentery  .group 
According,  however,  to  more  recent  descriptions  by  De  Blasi  anc 
others,  some  strains  of  the  B.  coli  dysentericus  may  not  produce  gas 
and  may  not  clot  milk,  and  closely  resemble  Flexner's  bacillus. 

The  true  dysenteric  bacilli  may  be  differentiated  from  one  anothe 
by  their  varying  fermentative  actions  upon  carbohydrates,  b; 
agglutination,  Pfeiffer's  reaction,  and  Castellani's  absorptioi 
method ;  and  though  we  do  not  enter  into  particulars  on  bacterio 
logical  subjects,  still,  we  consider  it  useful  to  collect  in  the  form  o 
a  table  the  characters  of  the  more  important  dysentery  germs  a 
well  as  other  intestinal  bacteria,  emphasizing,  however,  the  fac 
that  the  varying  biological  reactions  of  the  bacilh  are  much  mor 
reliable  than  the  fermentative  changes. 

The  dysenteric  bacilh  are  distributed  mamly  by  the  faeces  0 
persons  suffering  from  the  disease,  but  there  are  also  dysenter; 
carriers  '  in  the  true  sense  of  the  word,  who  are  an  important  sourc 

of  infection.  .   r      ■      j.  1         1        v 

Strong  and  Musgrave  have  proved  that  mfection  takes  place  b; 
the  mouth  by  feeding  a  man  with  pure  cultures  of  the  dysenter; 
bacillus,  which  quickly  produced  an  attack  of  dysentery  charac 
terized  by  motions  containing  blood  and  mucus,  from  which  th 
typical  baciUi  were  grown.  , ,      x     ..t,  +k  v>, 

The  bacilh  are  conveyed  from  fsecal  matter  to  the  mouth  b. 
the  contamination  of  food  or  drink,  or  the  utensils  for  preparm, 
or  serving  the  same.  This  method  of  infection  is  probably  commo, 
in  hospitals  and  asylums.     Another  method  of  dissemination  woul 
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appear  to  be  the  dust.  Flies,  as  has  been  experimentally  demon 
strated  by  one  of  us,  are  capable  of  carrying  the'  bacilli,  and  ar 
therefore  probably  a  prolific  source  of  infection  in  tropical  countries 

It  would,  however,  appear  that  the  bacilli  are  capable  of  livin] 
in  the  alimentary  canal  without  causing  the  symptoms  of  thi 
disease  until  the  vitality  of  the  host  is  lowered  by  some  agency 
such  as  a  chill,  an  attack  of  diarrhoea,  or  some  intercurrent  disorder 
when  they  are  capable  of  producing  their  ill-effects. 

Pathology. — The  bacilli  taken  into  the  body  with  food  and  drinl 
pass  to  the  intestine,  in  which  they  grow  and  multiply,  and  alonj 
the  whole  length  of  which  they  can  be  found.  The  researches  p: 
Flexner  and  Sweet  have  proved  that  the  bacilli  can  abound  in  the 
small  intestine,  where  no  pathological  lesion  may  be  found.  Ir 
the  bowel  they  give  rise  to  the  toxins,  of  which  two  are  known- 
one  which  acts  upon  the  lower  bowel,  and  the  other  on  the  nervous 
system.  Both  these  toxins  are  absorbed  into  the  blood,  but  the 
first,  being  excreted  by  the  large  bowel,  causes  the  lesions  well 
known  to  be  associated  with  dysentery,  and  explains  the  locahza- 
tion  of  these  lesions.  In  the  process  of  excretion  this  toxin  first 
causes  an  exudation  of  lymph  into  submucosa,  and  later  into  the 
mucosa.  This  lymph  coagulates,  and  is  invaded  by  a  cellular 
exudate,  and  in  due  course  the  glands  and  the  tissue  of  the  mucosa 
and  the  muscularis  mucosae  are  destroyed  by  coagulative  necrosis, 
with  thrombosis  of  the  vessels.  This  fibrinous  or  diphtheroid 
membrane  is  at  first  most  marked  on  the  summits  of  the  ridges, 
and  may  not  be  found  at  the  bottom  between  the  ridges.  It  con- 
tains large  numbers  of  micro-organisms  of  varying  characters, 
while  the  depths  of  the  submucosa  may  reveal  accumulations  of 
leucocytes,  and  the  peritoneal  coat  may  be  (Edematous.  The 
micro-organisms  destroy  the  fibrinous  false  membrane,  which  may 
separate  off  in  flakes,  thus  causing  ulcers,  which  are  at  first  super- 
ficial, but  later  become  deep  and  extensive.  After  treatment  these 
ulcers  heal  with  the  formation  of  connective  tissue,  thus  producing 
a  scar  in  the  mucous  membrane,  which  in  due  course  becomes 
pigmented  from  the  sulphvuretted  hydrogen  of  the  bowel  acting  on 
the  iron  of  the  blood.  The  other  toxin  may  attack  the  nervous 
system,  causing  peripheral  neuritis. 

Very  rarely  do  the  bacilli  enter  the  blood-stream  and  cause  a 
true  septicaemia,  though  such  cases  have  been  recorded  by  Rosen- 
thal and  Markwald,  the  latter  observer  stating  that  he  found  the 
bacilli  in  the  blood  and  intestinal  contents  of  a  foetus  which  had 
been  prematurely  expelled  from  the  uterus  of  a  mother  who  was 
suffering  from  bacillary  dysentery. 

Morbid  Anatomy. — On  opening  the  abdomen,  the  peritoneum  is 
found  in  general  to  be  normal,  but  the  bloodvessels  of  the  large 
bowel  are  seen  to  be  injected,  and  the  mesocolons  may  be  infil- 
trated with  lymph,  or  firm  and  fibrinous.  There  may  be  adhesions 
of  the  sigmoid  colon  to  the  omentum,  pelvis,  bladder,  or  small 
intestines,  while  the  splenic  flexure  may  be  adherent  to  the  spleen 
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and,  surrounding  parts,  and  the  hepatic  iiexure  to  the  liver.  Th( 
Cfficum  may  show  adhesions  to  the  omentum,  and  more  rarely  theri 
may  be  pericaecal  abscess.  Signs  of  a  general  peritonitis  may  b( 
met  with,  and  will  generally  be  associated  with  a  gangrenous  oi 
perforated  condition  of  the  intestine. 

The  small  bowel  is  'usually  normal,  but  may  be  hypersmic  or 
much  more  rarely,  ecchymotic.  The  walls  of  the  large  intestine 
are  usually  considerably  thickened  and  hyperasmic,  and  may  ai 
times  be  found  to  be  gangrenous  along  a  great  or  lesser  extent  o: 
their  course.  On  opening  the  large  bowel,  the  mucosa  vnll  be  seer 
to  be  covered  with  a  coagulated  exudate  in  the  form  of  a  fals« 
membrane,  which  is  more  evident  on  the  summits  of  the  folds 


Fig.  338. — The  Colon  in  a  Case  of  Bacillary  Dysentery. 


and  is  especially  well  marked  in  the  sigmoid  colon,  the  caecum,  and 
the  ampulla  of  the  rectum.  Around  the  areas  covered  by  the  false 
membrane  the  mucosa  is  seen  to  be  hyperaemic  and  oedematous. 
As  a  rule,  numerous  ulcers  are  also  to  be  seen,  with  clean  surfaces, 
elevated  edges,  and  a  base  formed  by  the  submucosa.  These 
ulcers  may  be  very  extensive,  leading  to  the  separation  of  large 
sloughs,  or  may  extend  deeply  into  the  coats  of  the  bowel,  causing 
perforation  and  peritonitis,  or  in  less  serious  cases  to  the  exudation 
of  much  lymph  into  the  peritoneum  coat,  which  subsequently  causes 
adhesions. 

In  post-mortem  examinations  of  cases  which  have  died  from 
some  other  complaint  it  is  not  unusual  to  find  the  intestines  matted 
together  in  the  pelvis,  the  omentum  adherent  to  the  colon,  and  the 
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colon  to  the  bladder,  etc.  On  opening  such  a  colon,  it  will  be  foun 
scarred  by  old  dark-coloured  cicatrices,  indicating  the  position  c 
the  healed  ulcers  of  a  previous  dysentery.  More  rarely  the  cica 
trization  may  have  proceeded  to  such  an  extent  as  to  cause  narrow 
ing  of  the  lumen  of  the  gut,  and  still  more  rarely  may  the  proces 
lead  to  abscess  formation  in  the  adherent  omentum,  the  pus  of  thi 
abscess  slowly  working  its  way  into  the  anterior  abdominal  wall 
and  so  to  the  exterior.  The  csecum  and  other  parts  of  the  bowe 
may  show  polypi  protruding  from  the  mucous  membrane,  a  con 
dition  often  called  '  colitis  polyposa.' 

In  the  epidemic  diarrhoea  of  infants,  the  lesions  which  may  be 
found  are  classifiable  into  hyperplasia  of  the  agminated  and  solitary 
glands,  superficial  ulcers,  lesions  resembling  those  described  above, 
or  invisible  lesions. 

Microscopically,  there  is  at  first  an  exudation  of  fluid  containing 
but  few  cells  into  the  submucosa,  while  the  mucosa  is  congested, 
but  the,  glands  are  seen  to  be'  quite  normal.  A  little  later  the 
exudate  into  the  submucosa  is  seen  to  have  formed  fibrin,  and  the 
vessels  of  this  coat  are  noted  to  be  dilated,  to  contain  numerous 
polymorphonuclear  leucocytes,  which"  may  be  seen  undergoing 
diapedesis  into  the  surrounding  tissue.  In  this  stage  the  exudate 
has  also  affected  the  mucosa,  the  glands  and  tissue  of  which  may  be 
seen  to  be  undergoing  coagulative  necrosis.  In  a  still  later  stage 
nothing  is  to  be  seen  of  the  mucosa,  and  in  bad  cases  of  the  sub- 
mucosa, except  fibrinous  exudate,  mixed  with  cells  and  blood- 
vessels. Often,  however,  the  submucosa  shows  dense  collections 
of  leucocytes.  Where  ulcers  occur  the  amount  of  exudate  covering 
the  muscular  coat  may  be  thin,  while  in  other  places  it  may  be 
thick.  The  peritoneum  is  also  generally  infiltrated  by  a  coagulated 
exudate. 

Symptomatology. — The  different  appearances  presented  by  the 
bacillary  dysenteries  may  be  grouped  into — 

r.  The  acute  type. 

2.  The  gangrenous  type. 

3.  The  entero-dysenteric  type. 

4.  The  paradysenteric  type. 

5.  Chronic  dysentery. 

6.  Dysenteric  diarrhoea. 

7.  Dysenteric  infantile  diarrhoea. 

I.  Acute  Bacterial  Dysentery. — The  incubation  varies  from  twenty- 
four  hours  to  three  or  four  days,  and  is  not  well  known  in  natural 
infections.  Usually  after  an  incubation  of  a  few  days,  during  which 
the  patient  may  not  feel  quite  well,  and  may  complain  of  constipa- 
tion or  diarrhoea,  with  loss  of  appetite  and  malaise,  the  disease 
begins  with  an  attack  of  pain  in  the  lower  part  of  the  abdomen, 
and  an  urgent  desire  ^o  defaecate,  which  results  in  the  passage  of 
perhaps  an  ordinary  formed  fasculent  motion,  which  temporarily 
relieves  the  pain.     Soon,  however,  another  attack  of  pain  is  felt, 
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generally  in  the  region  of  the  umbilicus,  from  which  it  radiates  to 
■any  part  of  the  large  mtestine,  and  this  is  again. associated  with  a 
aesire  to  deiaecate  and  the  passage  of  a  motion  which  is  composed 
ot  isecai  matter,  but  may  now  be  soft.  The  pain  increases,  and  the 
desire  to  defecate  becomes  more  and  more  frequent,  until  almost 
constantly  present,  while  any  nourishment,  however  bland  and  un- 
imtating,  at  once  produces  a  desire  to  defaecate.  After  a  time 
the  patient  sits  almost  continuously  upon  the  commode,  straining 
violently,  and  passing  at  first  motions  of  fseculent  matter  mixed  with 
blood  and  mucus,  and  then  blood  and  mucus  mixed  with  a  little 
tseculent  matter,  and  finally  nothing  but  a  little  blood  and  mucus. 
As  a  result  of  the  straining  and  the  passage  of  numerous  motions, 
the  anus  becomes  inflamed  and  very  painful,  and  prolapse  of  the 
bowel  is  not  uncommon,  and  adds  greatly  to  the  distress  of  the 
patient.  The  urine  diminishes  in  quantity,  and  therefore  may  show 
an  increased  quantity  of  urea,  and  at  times  may  contain  a  trace 
of  albumin.  Pain  is  often  complained  of  in  the  region  of  the  bladder 
during  and  after  straining  at  the  commode.  In  slight  cases  the 
number  of  motions  may  be  only  about  one  every  hour,  but  in  more 
severe  cases  they  number  from  fifty  upwards,  until  they  are  passed 
almost  continuously.  This  constant  pain  and  desire  to  defsecate 
naturally  weakens  and  exhausts  the  patient  very  quickly,  for  it 
prevents  sleep  and  rest. 

In  ordinary  cases  the  tongue  is  moist  and  coated  with  a  white 
fur,  and  usually  the  patient  is  thirsty,  but  not  markedly  so,  except 
in  bad  cases.  Nausea  is  often  present,  and  there  is  no  desire  for 
food,  which  is  badly  digested,  and  is  often  associated  with  epigastric 
pain.  Vomiting  occurs,  but  is  relatively  unusual  in  cases  which 
are  taken  in  hand  early  and  properly  treated.  The  abdomen  soon 
becomes  sunken  and  tender,  especially  along  the  course  of  the  large 
bowel,  but  this  tenderness  may  be  restricted  to  certain  areas  only 
of  that  bowel.  On  careful  palpation  the  thickened  bowel  may  at 
times  be  felt,  but  usually  it  is  too  tender  to  allow  such  manipula- 
tion. With  the  numerous  motions,  it  may  be  imagined  that  con- 
stipation would  not  occur ;  but  this  is  not  so,  for  the  disease  may  be 
limited  to  the  lower  bowel,  and  as  it  is  the  involvement  of  the 
rectum  which  causes  the  tenesmus  and  constant  desire  to  defaecate, 
faeces  may  be  accumulating  in  the  higher  region  of  the  large  bowel 
— a  condition  which  may  be  recognized  by  the  distension.  Shiga, 
indeed,  describes  an  ascending  variety  of  acute  dysentery,  which, 
beginning  in  the  reCtum,  spreads  upwards  along  the  large  bowel, 
as  well  as  a  descending  variety,  which  usually  starts  in  the  small 
intestine.  The  typical  motions  are  composed  of  blood  and  mucus 
only,  but  in  bad  cases  they  may  consist  of  a  reddish  albuminous 
fluid  containing  white  shreds.  The  typical  dysenteric  motions  have 
no  faecal  smeU,  and  microscopically  show  numerous  micro-organisms, 
blood,  pus,  and  epithelial  debris  and  cells.  Usually  there  is  some 
fever,  ranging  from  99°  to  103°  F.  The  pulse  is  quickened,  and 
in  bad  cases  may  be  not  merely  rapid,  but  irregular,  when  the  heart 
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will  be  found  to  be  dilated,  and  perhaps  haemic  murmurs  may  be 
heard ;  but  these  s5miptoms  are  unusual,  except  in  grave  cases. 
The  blood  usually  shows  a  diminution  in  the  red  cells,  and  a  slight 
polymorphonuclear  leucocytosis.  ,  The  lungs  are  usually  normal. 
Delirium  is  unusual. 

If  the  patient  is  to  die,  the  motions  assume  the  serous  character 
mentioned  above,  the  pulse  becomes  rapid  and  irregular,  the  tem- 
perature drops  to  subnormal,  the  motions  diminish  in  number, 
hiccough  appears,  and  exhaustion  ushers  in  death  generally  during 
the  second  or  third  week. 

If  the  patient  is  to  recover,  the  motions  become  more  faeculent, 

and  the  blood  and  mucus  generally  disappear,  while  the  pain  and 

,  tenesmus  subside,  the  pulse  returns  to  normal,  the  tongue  cleans, 

and  convalescence  begins  about  the  end  of  one  week  in  mild,  or  of 

one  month  in  more  severe  cases. 

2.  Gangrenous  Dysentery. — This  most  severe  t5^e  of  the  disease 
may  begin  insidiously  with  some  slight  faeculent  diarrhoea,  which  may 
not  attract  attention  until  suddenly  the  patient  becomes  collapsed, 
and  dies  within  a  few  hours  without  the  passage  of  the  typical 
motions.  Thus  a  prisoner  may  stand  in  the  dock  throughout  the 
whole  day,  and  then  die  in  the  night  from  gangrenous  dysentery, 
while  his  sudden  death  may  awake  suspicions  of  suicide. 

The  more  usual  history  is  that,  during  an  attack  of  acute  dysen- 
tery, the  abdominal  pain  and  tenesmus  become  very  severe,  while 
the  motions  alter  their  characters,  becoming  exceedingly  offensive, 
and  containing  gangrenous  sloughs  composed  of  the  mucosa  and  the 
submucosa.  These  sloughs  may  be  small  or  large,  and  even  at 
times  may  be  tubular.  The  motions  are  now  exceedingly  numerous, 
and  sometimes  haemorrhage  fer  anum  may  take  place.  The  patient 
becomes  extremely  exhausted,  the  pulse  small  and  frequent,  the 
temperature  falls  to  subnormal,  and  the  extremities  become  cold 
up  to  the  knees  and  elbows,  while  the  motions  are  passed  in- 
voluntarily, and  death  takes  place  in  some  two  or  three  days  from 
exhaustion.  Recovery  from  an  attack  of  gangrenous  dysentery  is 
extremely  unusual,  but  when  it  does  occur  the  pulse  slows,  the 
temperature  rises,  the  motions  become  faeculent  again,  and  the 
urine,  which  has  been  suppressed,  reappears. 

3.  Entero-Dysentery. — ^This  variety  begins  with  one  or  more  rigors, 
and  a  rise  of  temperature  to  103°  F.  or  more.  The  temperature 
keeps  high,  assuming  either  a  continuous  or  a  high  remittent  type, 
and  is  associated  with  a  dry  tongue,  and  a  mouth  covered  with 
sordes,  foetid  breath,  headache,  malaise,  pains  in  various  parts  of 
the  body,  marked  epigastric  disturbance,  and  often  with  ecchy- 
moses  under  the  skin  in  various  parts  of  the  body.  The  character- 
istic signs  of  abdominal  pain  and  tenesmus  are  absent,  and  the 
motions,  though  containing  blood  and  mucus,  are  mixed  with 
considerable  quantities  of  faeculent  matter.  The  mind  is  clouded, 
the  patient  becoming  very  stupid,  sleepless,  and  at  times  delirious. 
Abscesses  may  now  appear  m  varying  parts  of  the  body,  but 
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especially  in  the  parotid  or  the  ischio-rectal  fossa,  while  carbuncles, 
bedsores,  and  peritonitis  may  also  occur.  Death  usually  ensues 
after  a  few  days'  illness  from  exhaustion,  toxemia,  or  hyperpyrexia. 

4.  Paradysenfery.—The  incubation  of  this  form  of  dysentery  is  not 
known,  but  is  probably  longer  than  in  the  acute  dysentery,  and 
may  perhaps  be  about  a  week.  The  onset  is  usually  sudden,  begin- 
ning with  pain  in  the  lower  part  of  the  abdomen,  generally  radiating 
from  the  umbilicus  to  the  sigmoid  colon.  At  first  there  is  merely 
diarrhoea,  but  this  is  soon  replaced  by  motions  containing  only 
blood  and  mucus.  The  number  of  the  motions,  however,  is  rela- 
tively few,  and  the  blood  and  mucus  may  only  be  present  for  a  short 
time,  while  the  pain  and  tenesmus  is  but  shght.  The  temperature 
is  usually  normal,  though  it  may  be  raised  at  first,  while  the  tongue, 
though  coated,  is  always  moist.  Paradysentery,  in  fact,  is  clinically 
a  very  mild  attack  of  acute  dysentery,  and  in  Ceylon  is  generally 
due  to  B.  paradysenteria,  which  is  characterized  by  producing  a  per- 
manent acid  reaction  in  milk,  while  all  the  other  bacilli  render  milk 
alkaline  in  a  few  days,  after  an  initial  acidity. 

5.  Chronic  Bacterial  Dysentery. — Chronic  dysentery  appears  after 
an  attack  of  acute  dysentery  which  has  apparently  been  cured, 
but  in  which,  after  a  period  of  quiescence,  diarrhoea  appears. 
About  five  or  six  motions,  composed  of  watery,  evil-smelling  faecu- 
lent  matter,  are  passed  per  diem,  and  may  at  times  contain  blood 
and  mucus,  or  simply  mucus.  After  a  time  these  symptoms  dis- 
appear, and  the  motions  become  normal,  or  there  may  be  slight 
constipation.  In  due  course,  however,  the  diarrhoea  returns,  and 
these  exacerbations  recur  for  months  and  years,  and  seriously  affect 
the  patient's  general  health.  The  appetite  becomes  bad ;  the 
tongue  red  and  smooth,  or  flabby  and  coated  ;  digestion  is  impaired, 
and  fermentative  changes  cause  the  bowels  to  be  distended  with 
gas  ;  while  haemorrhage,  slight  or  severe,  may  take  place  from  the 
nose  or  under  the  skin.  Profuse  sweats  may  occur  at  night,  and 
tend  to  exhaust  the  patient.  Recovery  may  take  place  spon- 
taneously, or  after  treatment,  or  the  diarrhoea,  continuing  fitfully, 
may  gradually  wear  out  the  patient,  who  may  die  of  exhaustion 
or  some  intercurrent  disease.  Some  authorities,  with  whom  we 
do  not  agree,  believe  that  chronic  dysentery  may  become  sprue. 

6.  Dysenteric  Diarrhoea. — ^The  term  '  dysenteric  diarrhoea  '  may  be 
applied  to  the  non-bloody  diarrhoea  of  chronic  dysentery,  and  to  those 
cases  of  diarrhoea  which  occur  during  an  epidemic  of  dysentery,  and 
in  which  the  bacillus  is  either  proved  to  be  present  in  the  motions, 
or  the  patient's  blood  agglutinates  in  high  dilution  one  of  the  dysen- 
teric bacilli.  The  attack  may  in  no  way  differ  from  an  ordinary 
attack  of  diarrhoea  due  to  other  causes,  but  is  apt  to  recur  and  to 
turn  into  chronic  dysentery. 

7.  Dysenteric  Infantile  Diarrhoea. — Diarrhoea  is  an  extremely  com- 
mon disease  among  infants  in  the  tropics,  but  has  not  yet  received  the 
attention  which  it  has  in  the  United  States,  in  Europe,  and  in  Japan, 
where  it  is  called  '  ekiri.'     It  is  believed  to  be  due  to  Flexner's 
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bacillus,  or  more  rarely  to  Shiga-Kruse's  bacillus;  while  the 
symptoms  resemble  entero-dysentery,  being  characterized  by  be- 
ginning with  vomiting,  and  a  rise  of  temperature  from  103°  to 
104°  F.,  a  dry  mouth,  coated  tongue,  distended  and  tender  abdomen, 
and  the  passage  of  motions  containing  faeculent  matter,  often  green 
in  colour,  generally  mixed  with  blood  and  mucus.  The  fever  is  of 
the  remittent  type,  and  as  the  disease  progresses  the  child  wastes, 
and  may  become  convulsed  or  comatose  and  die,  or  may  drag  on 
for  weeks,  with  repeated  attacks  of  diarrhoea,  and  finally  die  from 
exhaustion.  If  recovery  is  to  take  place,  the  temperature  declines, 
and  the  diarrhoea  ceases,  but  the  child  is  left  in  a  pale  and  emaciated 
condition,  from  which  it  takes  months  to  recover. 

Complications. — Peripheral  neuritis  is  not  uncommonly  met  with, 
generally  in  a  mild  form,  and  often  confined  to  one  nerve.  Arthritis 
is  also  not  uncommon,  while  inflammation  of  the  tendon-sheaths 
may  also  take  place.  In  entero-dysentery  parotid  buboes  are  not 
uncommon,  while  abscesses  in  other  parts  of  the  body  and  peri- 
tonitis may  develop.  In  gangrenous  dysentery  haemorrhage  may 
be  a  serious  complication.  Typhoid  fever  may  occur  at  the  same 
time  as  a  dysenteric  attack,  and  is  a  serious  complication.  We  have 
met  with  several  cases  of  appendicitis  developing  in  people  con- 
valescent from  dysentery. 

Sequelae. — One  of  the  most  important  sequels  of  dysentery,  to 
which  Cantlie  has  recently  drawn  attention,  is  stenosis  of  the  large 
bowel,  and  more  particularly  of  the  sigmoid  flexure,  due  to  cicatricial 
contraction  of  the  healing  ulcers.  The  symptoms  are  the  onset 
of  an  insidious  constipation,  associated  in  due  course  with  a  sensa- 
tion of  distension  in  the  abdomen,  loss  of  appetite,  and  nausea. 
The  constipation  is  apt  to  alternate  with  attacks  of  diarrhoea. 
In  due  course  the  constipation  becomes  severe,  and  is  accompanied 
with  recurrent  attacks  of  colic,  in  which  the  pain  may  be  locahzed 
or  radiating,  and  sooner  or  later  vomiting  occurs.  On  inspecting 
the  abdomen  a  swollen  region  may  be  observed,  and  the  attacks  of 
colic  may  be  seen  to  be  associated  with  visible  peristaltic  move- 
ments, while  more  or  less  meteorism  occurs.  Succussion  sounds 
may  be  heard  over  the  dilated  bowel.  This  condition  is  serious, 
and  must  be  energetically  treated. 

According  to  some  authors,  '  sprue  '  is  a  sequel  to  dysentery,  and 
we  have,  in  fact,  seen  several  cases  of  sprue  developing  in  patients 
who  had  been  suffering  from  chronic  dysentery.  We  believe, 
however,  the  two  diseases  to  be  of  quite  different  aetiology. 

Diagnosis. — The  diagnosis  of  bacillary  dysentery  has  to  be  made 
with  special  reference  to  pseudo-dysentery  and  amoebic  dysentery, 
especially  when  there  is  blood  and  mucus  in  the  motions,  and  from 
the  various  forms  of  diarrhoea  when  these  signs  are  absent. 

With  regard  to  pseudo-dysentery,  cancer  and  syphilis  of  the 
rectum  and  inflamed  haemorrhoids  may  give  rise  to  tenesmus  and 
the  passage  of  blood  and  mucus,  but  can  be  differentiated  by  the 
history  and   by   an   examination   of  the  rectum.     Cancer  of  the 
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colon  and  intussusception  may  also  cause  the  passage  of  blood, 
with  or  without  mucus  and  with  or  without  tenesmus,  but  the 
history  and  a  careful  abdominal  examination,  together  with  the 
discovery  of  a  localized  swelling,  should  serve  to  distinguish  these 
affections.  Parametritis  on  the  left  side  may  cause  diarrhoea,  and 
more  rarely  the  passage  of  blood  and  mucus,  but  the  absence  of 
tenesmus,  the  presence  of  pain  more  at  the  side  of  the  uterus  than 
in  the  sigmoid  colon,  should  indicate  the  necessity  of  an  examination 
per  vaginam  or  per  rectum,  when  the  nature  of  the  case  will  be 
cleared  up.  A  careful  examination  of  the  faeces  should  exclude 
such  causes  as  fish-bones  injuring  the  rectum.  Mercurial  poisoning 
can  be  distinguished  by  the  history,  the  presence  of  saliva- 
tion, etc. 

The  diagnosis  from  entamoebic,  balantidic,  and  the  other  dysen- 
teries of  animal  origin  can  only  be  made  by  the  careful  microscopical 
examination  of  the  faeces,  when  the  absence  of  these  parasites  wUl 
be  made  certain. 

Positive  diagnosis  can,  however,  only  be  made  by  a  bacterio- 
logical examination  of  the  faeces  and  the  determination  of  the 
specific  bacillus.  Agglutination  tests  with  the  patient's  blood  are 
not  of  much  use  in  acute  cases. 

For  the  bacteriological  diagnosis  a,  slired  of  mucus  or  pus  is  smeared  over 
a  plate  of  MacConkey's  bile — salt-lactose-neutral  red-agar,  by  means  of  a 
bent  glass  rod  or  Kruse's  platinum  pencil. 

Two  more  plates  of  the  same  medium  are  prepared  in  a  similar  manner 
without  recharging  the  rod  or  pencil. 

Any  white  colonies  which  develop  are  further  investigated  as  to  their  sugar 
reactions,  and  by  using  the  agglutination  and  absorption  methods. 

Prognosis. — In  paradysentery  and  the  milder  forms  of  acute 
dysentery  the  prognosis  is  good,  recovery  being  the  rule,  but  the 
death-rate  of  severe  acute  dysentery  is  high,  while  the  prognosis 
in  gangrenous  dysentery  is  very  bad.  As  an  average,  the  mor- 
tality of  the  various  forms  may  perhaps  range  from  12  to  25  per 
cent.,  for  there  is  no  doubt  that  in  Ceylon  and  other  tropical 
countries  dysentery  is  a  more  potent  factor  in  the  death-rate  than 
malaria,  though  the  latter  may  cause  more  illness. 

The  site  of  the  disease  is  also  a  factor  in  determining  the  prognosis, 
being  as  a  rule  better  if  it  is  situate  low  down,  and  worse  if  high  up 
in  the  bowel.  According  to  Kruse,  Shiga,  Duval,  Dopter,  and  our 
own  experience,  early  serum  treatment  lessens  the  mortality  con- 
siderably, and  therefore  improves  the  prognosis. 

As  regards  age  and  sex,  the  prognosis  is  better  for  adults  than  for 
children,  and  for  men  rather  than  for  women.  Relatively,  the 
European  or  new-comer  into  the  tropics  suffers  more  severely  than 
the  native  resident  race,  but  this  racial  difference  is  merely  relative. 

Treatment.— In  all  cases,  however  mild,  the  patient  should  be 
kept  at  rest  in  bed,  and  the  urine-bottle  and  bed-pan  must  be  used. 
The  latter  should  preferably  be  slightly  warmed  before  being  used, 
especially  in  cool  climates.     Damp   cotton-wool  should  be  sub- 
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stituted  for  sanitary  paper,  in  order  to  prevent  irritation  of  the 
region  of  the  anus. 

All  motions  should  be  disinfected,  after  having  been  seen  by  the 
physician,  with  Jeyes'  fluid  or  carbolic  acid,  and  they  should  also 
be  protected  from  flies.  It  is,  however,  most  necessary  that  the 
motions  should  be  saved  for  the  physician  to  see,  because  they  are 
extremely  important  in  judging  the  progress  of  the  case. 

In  very  mild  cases  the  bowels  should  be  cleansed  by  an  initial 
dose  of  one  tablespoonful  of  castor  oil,  which  may  be  administered 
in  neat  brandy,  with  or  without  a  few  drops  of  liquor  opii  sedativus 
or  tincture  of  opium,  and  this  should  be  followed  a  few  hours  later 
by  the  administration  of  astringents,  such  as  bismuth  salicylate 
5  grains,  and  salol  5  grains,  made  into  cachets,  and  taken  every  two 
or  four  hours  at  first,  and  less  frequently  when  the  character  of  the 
motions  improves.  In  these  mild  cases  tenesmus  rarely  requires 
any  special  treatment,  and  rectal  injections  are  well  borne,  and  may 
be  administered  twice  daily,  though  in  most  cases  they  are  un- 
necessary. These  injections  should  consist  of  either  boric  acid 
(I  in  100),  which  is  probably  the  best,  salicylic  acid  (i  in  500),  tannic 
acid  (i  in  500).  normal  saline  solution,  or  borax  and  bicarbonate 
of  soda  (5  grains  of  each  to  the  ounce).  In  administering  these 
enemata,  the  patient  should  lie  on  the  left  side,  with  the  buttocks 
elevated  on  a  pillow  and  the  head  placed  low.  A  soft  rectal  tube 
should  be  smeared  with  vaseline  and  passed  as  high  up  the  bowel 
as  possible.  Two  pints  of  the  enema  are  now  run  in  by  gravity 
from  a  glass  irrigation  vessel,  and  should  be  warmed  to  a  tempera- 
ture of  about  99°  to  100°  F.  The  enema  should  be  retained  as  long 
as  possible.  This  treatment,  with  an  appropriate  diet,  soon  gives 
relief,  the  pain  disappearing,  the  motions  becoming  fseculent. 
During  convalescence  a  tonic  of  hydrochloric  acid,  cinchona  bark, 
and  gentian  is  found  to  be  very  serviceable. 

In  severe  cases  the  serum  treatment  should  be  used  as  soon  as 
possible,  though  at  times  it  is  useful  to  precede  it  with  a  dose  of 
castor  oil  or  salts.  Kruse's  serum,  Shiga's  serum,  the  Lister  In- 
stitute serum  (Todd),  and  that  of  the  Pasteur  Institute  (Vaillart 
and  Dopter)  are  all  good.  A  polyvalent  serum,  such  as  that  of 
Shiga,  is  preferable  in  those  cases  in  which  a  complete  aetiological 
diagnosis  of  the  malady  cannot  be  made. 

The  serum,  in  our  experience,  should  be  given  in  large  doses ; 
thus  that  from  the  Pasteur  Institute  and  the  Lister  Institute  should 
be  given  in  20  c.c.  doses  twice  daily,  and  in  very  severe  cases  four 
times  daily.  The  injection  should  be  made  under  the  skin  of  the 
abdomen  or  flank,  using  the  ordinary  aseptic  precautions.  These 
injections,  as  a  rule,  need  not  be  continued  after  the  second  or  third 
day.  They  may  be  followed  by  urticarial-like  eruptions  and  pains 
in  the  joints.  Calcium  chloride  in  doses  of  gr.  xv.  to  xxx.  may 
be  administered  if  these  symptoms  are  severe.  When  the  blood 
and  mucus  have  disappeared  from  the  stools,  salol  (gr.  x.  every 
four    hours)    or    the    ordinary     astringents,    such    as    bismuth. 
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subnitrate  or  tannalbin  (gr.  x.  to  xv.  every  two  hours),  should  be 
prescribed. 
Shiga's  rules  for  the  administration  of  the  polyvalent  serum  are  : 

I.  In  mild  cases  inject  one  dose  of  lo  c.c. 
II.  In  cases  of  medium  severity  inject  two  doses  of  lo  c.c. 

at  intervals  of  six  hours. 
III.  In  severe  cases  inject  lo  c.c.  twice  a  day  at  intervals 
of  six  hours  for  two  or  three  consecutive  days. 

The  serum  has  a  marked  effect  upon  the  disease,  hastening  the 
cure,  ameliorating  the  symptoms,  and  reducing  the  mortality. 

When  the  serum  treatment  cannot  be  carried  out,  the  saline 
treatment  is,  in  our  experience,  the  most  useful.  Two  drachms 
of  magnesium  sulphate  and  2  drachms  of  sodiurn  sulphate,  dis- 
solved in  an  ounce  of  water,  should  be  administered,  and  then 
I  drachm  of  each  should  be  given  every  hour  or  every  two  hours 
until  the  motions  become  faeculent,  and  then  every  three  or  four 
hours  for  another  day. 

There  is  generally  considerable  pain  in  these  more  acute  cases, 
and  therefore  a  fomentation  sprinkled  with  laudanum  should  be 
applied  to  the  abdomen,  and  the  tenesmus  should  be  relieved  by 
suppositories  of  morphia  or  of  cocaine.  If  these  remedies  fail, 
then  hypodermic  injections  of  morphia  or  opium  (gr.  \)  by  the 
mouth  must  be  given,  for  it  is  a  most  important  factor  in  the  treat- 
ment that  the  patient  should  not  suffer  more  than  can  possibly  be 
avoided  from  this  distressing  s5nnptom.  If  prolapse  of  the  anus 
or  rectum  occurs,  it  is  important  that  this  should  be  reduced  and 
relieved  by  an  astringent  ointment,  such  as  hazeline  or  gall  and 
opium. 

Rectal  injections  may  be  given,  as  described  above,  but  in  sensitive 
cases  it  is  as  well  to.  pass  in  a  second  tube  alongside  the  enema-tube, 
so  that,  instead  of  the  inflamed  bowel  being  distended  by  the  in- 
jection, it  may  be  simply  washed  by  the  irrigation  of  the  boric  lotion. 

During  the  treatment  of  the  severe  acute  forms  a  great  danger 
is  to  stop  the  saline  treatment  too  quickly,  and  to  allow  constipa- 
tion to  occur,  by  which  is  meant  that,  though  the  patient  may 
be  having  fifty  to  a  hundred  motions  per  diem,  still,  faeculent  matter 
is  being  retained.  On  the  other  hand,  there  is  danger  in  continuing 
the  saline  treatment  too  long,  for  in  our  experience  this  should  be 
stopped  on  the  third  day  if  there  is  no  improvement,  and  also  when 
the  motions  become  serous. 

After  the  acute  stage  is  over  it  may  be  found  useful  to  employ 
some  astringent  drugs,  such  as  tanningen,  in  5-grain  doses,  or 
tannalbin,  15  grains  every  two  hours,  or  bismuth  subnitrate  (gr.  x.) 
and  salol  (gr.  x.)  every  two  hours,  administered  in  cachets  or  as 
enemata  of  boracic  and  tannic  acid  per  rectum. 

If  there  is  a  tendency  to  chronicity,  fresh  Bael  fruit  may  be  given. 
It  must,  however,  be  both  fresh  and  ripe,  and  should  be  prepared 
by  being  boiled,  and  then  shredded  with  a  fork  into  warm  milk. 
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pressed  and  strained,  and  then  a  little  sugar  added.  A  tumblerful 
of  the  milk  extract  of  Bael  fruit  may  be  taken  twice  daily. 

Tincture  of  Mansonia  ovata  in  i-drachm  doses  is  also  recom- 
mended. Other  remedies  resembling  the  above  are  the  roots  of 
Pelargonium  tuberosa  and  P.  flabellifoUum. 

With  regard  to  individual  symptoms,  collapse  should  be  treated 
by  the  hypodermic  injection  of  sahne,  hemorrhage  by  ice-bags  to 
the  abdomen,  and  iced  enemata. 

Very  severe  cases,  involving  the  whole  of  the  large  bowel,  a.nd 
gangrenous  cases  must  be  treated  by  appendicostomy  and  washing 
out  of  the  bowel. 

The  simple  operation  is  performed  as  follows  :  The  patient  is  placed  under 
chloroform,  after  the  usual  antiseptic  preparation  of  the  area  of  the  opera- 
tion. An  incision  of  about  3  inches  in  length  is  made  in  the  usual  site 
for  the  operation  of  appendectomy,  and,  the  layers  of  the  abdominal  wall 
having  been  incised,  the  peritoneum  is  carefully  opened,  and  the  appendix 
is  searched  for  and  brought  forward  into  the  wound,  so  that  about  i  inch 
protrudes.  Here  it  is  fixed  by  four  stitches  to  the  muscles.  The  wound 
is  now  closed,  the  appendix  being  fixed  to  the  skin  by  a  couple  of  stitches. 
The  wound  is  now  dressed  aseptically  with  a  thin  layer  of  wool  and  covered 
with  collodion.  The  tip  of  the  appendix  is  now  removed,  and  a  No.  8 
or  No.  6  catheter  inserted.  The  wound  is  now  dressed  antiseptically  and 
left  for  twenty-four  hours,  at  the  end  of  which  time  a  large  tube  is  placed 
in  the  rectum,  and  the  whole  bowel  is  irrigated  with  i  per  cent,  solution  of 
bicarbonate  of  soda  to  remove  the  mucus,  and  then  with  a  boracic  acid  lotion, 
I  drachm  to  the  pint.  This  is  repeated  daily,  but  if  the  case  tends  to  become 
chronic  a  solution  of  silver  nitrate  (20  to  40  grains  to  the  pint)  is  used. 

When  the  cure  is  effected,  the  small  wound  is  easily  closed. 

Other  methods  of  treatment  include  the  calomel  treatment  much 
praised  by  Scheube  and  Kartulis,  and  begun  long  ago  by  the  Indian 
physicians,  and  among  the  various  forms  in  which  it  has  been 
applied,  Twining's  pill  of  calomel,  blue  pill,  and  ipecacuanha  used 
to  be  very  celebrated.  Plehn  recommends  that,  after  a  preliminary 
dose  of  castor  oil,  |  grain  of  calomel  be  administered  hourly  until 
twelve  doses  have  been  taken  during  the  day.  The  treatment  is 
discontinued  during  the  night,  and  repeated  in  the  same  manner 
during  the  second  and  third  days,  after  which  bismuth  subnitrate 
is  given  in  6-grain  doses  hourly  during  the  day  for  "a  long  period  of 
time. 

Yellow  santonin,  i0'3  grammes  in  8  grammes  of  olive  oil,  ad- 
ministered three  times  a  day,  has  been  recommended  by  Drake. 
Musgrave  recommends  that  acetozone  (strength  i  in  5,000 ;  aerated, 
if  necessary)  should  be  freely  drunk,  so  as  to  prevent  fermentation 
in  the  stomach  and  bowels.  In  all  cases  a  mouth -wash — e.g., 
glyco-thymoline — should  be  ordered.  During  convalescence  the 
great  point  is  to  prevent  chills  and  indiscretions  in  diet,  which  may 
induce  attacks  of  diarrhoea.  Turpentine,  especially  in  combination 
with  castor  oil,  has  been  recommended  by  some. 

The  sour-milk  treatment  may  be  tried  with  sauerin,  lacto- 
bacillin,  fermenlactyn,  or  any  other  preparation  on  the  market,  or 
by  using  the  ferment  as  prepared  by  the  natives  of  the  country. 
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Constipation  is  counteracted  by  small  doses  of  castor  oil,  Carlsbad 
salts,  Hunyadi  Janos,  Apenta  water,  or  enemata,  but  if  of  a  marked 
nature  should  arouse  suspicions  of  stenosis,  especially  if  the  ordinary 
laxative  remedies  do  not  ameliorate  the  condition.  Under  these 
circumstances  sigmoidoscopy  should  be  performed,  and  the  stricture 
dilated  by  bougies  or  catheters. 

Treatment  of  Dysenteric  Infantile  Diarrhoea.— The  treatment  of 
infantile  diarrhoea  and  of  dysentery  in  children  is  best  conducted 
by  administering  a  small  dose  of  castor  oil  (3i.  to  3ii.),  followed  by 
calomel  (gr.  ^),  or  grey  powder  (gr.  i)  every  hour  until  six  doses 
are  given  in  a  child  of  two  years  of  age.  The  dosage  may  be 
decreased  or  increased,  according  to  age.  Afterwards  astringents 
such  as  tannigen  (gr.  iii.)  or  tannalbin  (gr.  v.)  may  be  given  every 
two  to  four  hours. 

In  severe  cases,  due  to  the  Shiga-Kruse  or  the  Flexner  bacillus, 
serum  treatment  is  the  best,  5  to  10  c.c.  being  injected  twice  daily. 

The  diet  should  be  altered  from  milk  to  albumin-water,  whey, 
diluted  meat -juice,  or  clear  soup. 

Pain  must  be  combated  by  hot  fomentations,  and  convulsions 
by  bromides  given  in  gr.  xv.  as  enemata,  or  in  small  doses  by  the 
mouth  in  albumin-water.  Chloroform  may  require  to  be  adminis- 
tered, while  some  authors  recommend  minute  doses  of  morphia. 

Treatment  of  Chronic  Dysentery. — The  treatment  of  chronic 
dysentery  varies,  for  sometimes  the  malady  is  easily  amenable  to 
the  treatment  laid  down  for  mild  cases  of  acute  dysentery,  while  at 
other  times  many  remedies  may  be  tried  without  success.  Tannigen 
in  3  to  8  grain,  or  tannalbin  in  8  to  15  grain  doses,  in  cachets,  may  be 
tried  three  to  six  times  a  day.  In  old-standing  cases  pilula  plumbi 
cum  opio  should  be  given  twice  a  day.  Serum  treatment  should  also 
be  tried  during  the  exacerbations,  as  indicated  above.  Bael  fruit, 
the  rind  of  the  mangosteen,  simaruba  bark,  etc.,  are  all  useful  in 
this  condition,  and  the  lavage  treatment  is  more  useful  than  in  acute 
cases.  Rectal  irrigations  should  always  begin  with  2  pints  of 
I  per  cent,  solution  of  carbonate  of  soda  to  remove  the  adherent 
mucus,  and  then  the  medicated  enema  may  be  administered,  and 
may  consist  of  boracic  acid  (i  per  cent.),  followed  by  an  enerna 
containing  bismuth  subnitrate  and  sodium  salicylate  suspended  in 
a  pint  or  less  of  mucilage,  silver  nitrate  '(J  to  i  grain  to  the  ounce), 
copper  sulphate  (2  grains,  with  5  minims  of  tincture  of  opium  to  the 
ounce  of  water),  tannin  (0-25  to  0-5  per  cent.),  resorcin  (i  to  2  per 
cent.),  creohn  (i  drachm  to  the  pint),  lysol  (i  per  cent.),  or  formalin 
(i  in  5,000),  may  all  be  used.  Silver  nitrate,  however,  gives  the 
best  results.  Perchloride  of  mercury  should  not  be  used  as  a  rectal 
enema,  as  it  is  dangerous,  and  may  increase  the  symptoms  instead 
of  diminishing  them.  In  chronic  or  subacute  obstinate  cases  the 
vaccine  treatment  first  introduced  for  dysentery  by  Castellani  and 
Greig  may  be  tried,  using  vaccines  prepared  from  the  dysenteric 
bacilli  isolated  from  the  stools  of  the  patient.  Forster  has  tried 
this  treatment  also  in  acute  cases.     In  our  experience  it  gives  good 
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results  in  several  cases  of  the  chronic  type,  but  in  acute  dysentery 
is  much  inferior  to  the  serum  and  saline  treatment. 

If  all  these  methods  of  treatment  fail,  appendicostomy  should  be 
tried. 

Diet. — There  is  no  point  in  the  treatment  of  dysentery  of  greater 
importance  than  the  diet.  The  bowel  requires  physiological  rest, 
and,  therefore,  in  the  very  severe  cases  the  diet  must  be  restricted 
to  albumin-water  and  whey,  and  brandy  given  only  if  absolutely 
necessary. 

In  milder  cases  the. diet  should  consist  of  milk,  which  must  be 
diluted  with  Perrier,  soda,  Vichy,  or  barley  water,  or  may  be  mixed 
with  powders  of  sodium  bicarbonate  (gr.  vi.),  potassium  bicarbonate 
(gr.  vi.),  sodium  chloride  (gr.  iii.),  or  sodium  citrate  (gr.  xL),  to  the 
pint  of  milk,  and  less  in  proportion.  Arrowroot  made  with  water 
or  milk,  at  first  thin  and  later  thick  and  flavoured  with  a  little 
brandy,  is  most  useful.  Benger's  food  and  Horlick's  malted  milk  ai'e 
also  useful.     Strong  meat-essences  and  alcohol  should  be  avoided. 

In  all  severe  cases  the  food  must  be  given  in  small  quantities 
every  two  hours,  about  4  ounces  at  a  time,  and  must  be  taken  very 
slowly,  and  should  be  neither  very  warm  nor  cold.  In  chronic 
dysentery  this  milk  diet  is  of  the  greatest  importance,  and  should, 
as  already  stated,  be  supplemented  by  the  sour-milk  treatment. 

When  convalescence  begins,  chicken-broth  and  milk-puddings 
may  be  added  to  the  diet,  and  then  lightly-boiled  eggs  and  toast; 
then  chicken  cream,  and  fish ;  but  for  a  long  time  only  white  flesh 
should  be  allowed,  and  not  much  of  this,  for  the  diet  should  for 
several  weeks  consist  largely  of  milk  foods.  Of  especial  importance 
in  convalescence  is  the  chewing  of  the  food,  and  care  must  be  taken 
not  merely  that  the  teeth  are  in  good  order,  but  that  the  patient 
is  directed  not  to  swallow  any  tough  or  very  fibrous  piece  of  food. 
Fruits  must  be  avoided  for  a  long  time. 

Prophylaxis. — The  prophylaxis  consists  in  drinking  only  filtered 
and  boiled  water,  and  using  the  same  for  cleaning  the  teeth,  in 
avoiding  salads  and  fresh  vegetables  and  unripe  fruit,  and  in  carefully 
washing  the  exterior  of  any  fruit  in  which  this  is  likely  to  be  eaten. 

Various  methods  of  vaccination  have  been  tried  by  Kruse,  Shiga, 
and  Castellani,  with  apparently  fairly  good  results.  Castellani's 
method  consists  in  giving  first  an  inoculation  of  |  c.c-  of  dead 
vaccine  (peptone- water  cultures  heated  to  55°  C.  for  one  hour), 
followed  after  a  week  by  a  second  inoculation  of  i  c.c.  of  live 
vaccine  (peptone-water  cultures  of  a  non-virulent  strain  heated  to 
50°  C.  for  one  hour).  Broth  cultures  should  not  be  used,  as  they 
give  rise  to  very  severe  local  and  general  reactions. 

With  regard  to  public  prophylaxis,  a  modern  method  of  collecting 
and  disposing  of  the  sewage  of  towns  is  necessary  everywhere  in 
order  to  prevent  the  disease  from  spreading,  and  there  is  no  donbt 
that  for  this  purpose  the  best  method  for  tropical  towns  is  the 
Shone  or  pneumatic  system,  as  introduced  into  Rangoon,  Bombay, 
and  Karachi. 
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Good  scaven^ng  and  strict  hygienic  laws  are  necessary  to  prevent 
tile  breeding  of  flies,  and  if  an  epidemic  of  dysentery  occurs  a 
.pecial  crusade  against  the  common  house-fly  should  at  once  be 
Elsewhere  "'  ^^  ^^^"^  '^°'^^  ^^^  °^^^^  reasons  in  Liverpool  and 

Dust  should  be  diminished  in  the  warm  dry  weather  by  the 
Jfficient  watering  and  brushing  of  the  roads  of  towns,  and  in  this 
water  some  cheap  disinfectant  should  be  used,  especially  for  the 
more  important  streets. 

The  drinking-water  of  all  large  towns  should  be  filtered,  though 
It  must  be  admitted  that  this  alone  is  not  a  sufficient  safeguard 
igamst  a  water-borne  epidemic. 

C.  PSEUDO-DYSENTERIES. 

Definition.— Pseudo-dysenteries  are  diseases  other  than  those 
defined  above,  which  give  rise  to  diarrhoea,  with  the  passage  of  blood 
and  mucus  in  the  motions,  and  are  sometimes  associated  with 
ibdominal  pain  and  tenesmus,  and  may  readily,  on  superficial 
Jxamination,  be  mistaken  for  true  dysentery.  It  should,  however, 
be  noted  that  the  term  '  pseudo-dysentery  '  has  been  used  by  Kruse 
;o  signify  a  form  of  bacterial  dysentery  commonly  found  among 
inmates  of  lunatic  asylums,  and  later  to  denote  every  variety  of 
the  disease  not  caused  by  the  Shiga-Kruse  bacillus. 

.etiology. — The  most  common  causes  of  the  pseudo-dysenteries 
ire  cancers  of  the  intestine,  especially  of  the  rectum,  inflamed 
Diles,  gummata  in  the  rectum,  cancers  of  the  large  bowel  other 
;han  the  rectum,  and  intussusception.  The  native  habit  of  eating 
:he  small  bones  of  fish  along  with  the  flesh  is  apt  to  cause  irritation 
)f  the  rectum  and  a  pseudo-dysenteric  attack.  Inflammations  of 
.he  broad  ligament,  especially  on  the  left  side,  are  apt  to  be  con- 
used  with  a  mild  attack  of  dysentery.  Poisons,  such  as  mercury, 
rtomaines,  ricin,  abrin,  etc.,  may  also  produce  symptoms,  resembling 
lysenteric  attacks.* 

Diagnosis. — The  diagnosis  of  these  various  conditions  has  already 
)een  discussed  in  the  Diagnosis  of  Bacillary  Dysentery,  and  need  not 
)e  repeated. 

Treatment. — The  treatment  must  be  adapted  to  the  specific  com- 
)laint,  while  the  bowel  symptoms  may  be  relieved  as  indicated 
inder  the  treatment  of  Bacillary  Dysentery. 
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CHAPTER  XL VI 

DISEASES    OF    THE    ALIMENTARY    CANAL 

{tonc/uded)— INTESTINAL  BILHARZIOSIS 
AND   EPIDEMIC  GANGRENOUS   RECTITIS 

Intestinal  bilharziosis — Epidemic  gangrenous  rectitis^References. 

INTESTINAL  BILHARZIOSIS. 

Synonyms.; — Rectal  Bilharziosis,  Hepatic  Bilharziosis. 

Definition. — Intestinal  Bilharziosis  is  infection  with  Schistosomum 
mansoni  Sambon  1907,  the  eggs  of  which  invade  and  irritate  the 
intestines  and  the  liver,  and  cause  inflammation. 

History. — It  has  long  been  known  that  the  eggs  found  in  cases  of 
intestinal,  rectal,  and  hepatic  bilharziosis  are  laterally  spined,  as 
Bilharz  pointed  out  long  ago  in  1851  ;  and  Sonsino  once  stated  that 
the  two  worms  must  belong  to  different  species,  but  this  statement 
did  not  attract  attention.  In  1903  Manson  first  suggested  that 
these  eggs  might  belong  to  a  new  species  of  Schistosomum,  and  in 
1907  Sambon  first  showed  that  a  separate  species  really  did  exist, 
calling  this  S.  mansoni,  in  which  he  has  been  supported  by  Holcomb 
and  others,  though  opposed  by  the  great  authority  of  Looss. 

Very  recently  a  description  of  the  adult  worms  has  been  given 
by  Da  Silva  confirming  the  differentiation  of  the  two  species. 

Climatology. — As  far  as  is  known  at  present,  the  disease  exists  in 
Egypt,  Central  Africa  and  South  Africa,  Central  and  South  America, 
and  the  West  Indies. 

Pathology. — The  worms  live  in  the  portal  vein,  but  are  especially 
attracted  to  the  bowels,  in  the  capillaries  of  which  they  lay  their 
eggs,  which  burst  those  vessels,  and  escape  into  the  mucosa,  causing 
therein  a  dense  cellular  infiltration,  which  leads  to  a  thickening  of 
the  coats  of  the  bowel,  and  to  the  formation  of  papillomata,  which 
may  become  detached  and  form  ulcers.  Dense  fib]"ous  infiltration 
of  the  peritoneum  may  also  occur,  and  contain  both  eggs  and 
worms.  The  mucosa  of  the  bowel  is  protected  by  a  quantity  of 
mucus.  In  the  rectum  the  mucous  membrane  is  apt  to  become 
hypertrophied,  and  to  grow,  forming  large  polypoid  masses,  or 
adenomata,  which  may  protrude  through  the  anus.     The  ova  may 
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affect  the  subcutaneous  tissue  of  the  sacral  and  coccygeal  regions, 
and  cause  dense  cellular  infiltrations,  giving  rise  to  fistula,  which 
may  spread  and  infect  a  large  cutaneous  area. 

When  the  ova  reach  the  liver  by  the  blood-stream,  they  give  rise 
to  fibrous  tissue  formation  or  an  abscess.  Gall-stones  may  also 
form  round  the  ova  in  the  gall-bladder.  The  pancreas  and  spleen 
may  also  be  infected,  and  the  vulva  and  vagina. 

The  ova  may  also  reach  the  lungs,  causing  a  chronic  interstitial 
pneumonia,  and  passing  through  these  organs,  may  enter  the  heart 
and  the  general  circulation. 

Symptomatology. — The  symptoms  resemble  those  of  chronic 
dysentery,  consisting  of  pains  in  the  abdomen  and  the  passage  of 
blood  and  mucus.  The  faeces  contain  the  characteristic  ova. 
Papillomatous  growths  may  form  n  the  rectum,  and  can  be  dis- 
tinguished from  piles  by  their  large  number.  They  may  protrude 
from  the  anus,  when  the  removal  and  microscopical  examination 
of  a  small  portion  will  clear  up  the  diagnosis.  Hard  masses  may  be 
felt  through  the  abdominal  wall,  signifying  that  a  portion  of  the 
bowel  and  peritoneum  have  become  infiltrated  with  fibrous  tissue 
and  eggs,  and  filled  with  papillomata.  The  liver  and  spleen  may 
be  enlarged.  When  the  lower  part  of  the  rectum  is  involved,  much 
agony  from  tenesmus  and  the  passage  of  blood  and  mucus  is  experi- 
enced. If  the  patient  removes  from  the  endemic  area,  improvement 
will  take  place  ;  but  if  he  remains,  then  no  cure  appears  to  be  pos- 
sible, and  he  dies  sooner  or  later  from  exhaustion. 

Complications. — A  case  may  be  complicated  with  urinary  bil- 
harziosis,  agchylostomiasis,  and  other  intestinal  parasitic  diseases. 

Diagnosis. — ^The  diagnosis  must  be  made  by  finding  the  charac- 
teristic lateral  spined  eggs  in  the  faeces. 

Prognosis. — ^The  prognosis  is  unfavourable.  It  must  be  noted, 
however,  that  in  some  cases  the  parasite  does  not  give  rise  to  any 
distinct  pathological  symptoms  for  a  long  time.  One  of  us  has 
observed  in  Uganda  several  natives  with  eggs  of  S.  mansoni  in  their 
faeces,  although  they  were  apparently  in  good  health.  The  stools, 
apart  from  the  eggs  of  the  worm,  were  normal. 

Treatment. — But  little  can  be  done  in  the  way  of  treatment. 
Filix  mas  may  be  administered  with  the  purpose  of  eradicating  the 
worms,  and  symptomatic  treatment  may  be  carried  out  as  men- 
tioned under  Urinary  Bilharziosis.  Madden  advises  an  enterotomy 
and  a  cleaning  out  of  the  bowel,  when  a  tumour  can  be  felt,  and  a 
Whitehead's  operation  may  be  done  to  relieve  the  rectal  symptoms. 
Recently  Vincent  has  suggested  that  large  intestinal  irrigations  of 
a  solution  of  sodium  hypochlorite  (8  to  10  per  1,000)  should  be 
given. 

EPIDEMIC  GANGRENOUS  RECTITIS. 

Under  this  term  Eckers  and  Manson  describe  a  disease  which  may 
start  in  the  rectum  or  in  the  colon  in  animals  and  natives  in  British 
Guiana  and  Venezuela,  and  perhaps  elsewhere.     It  is  known  in  the 
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former  region  as  '  caribi,'  and  in  the  latter  as  '  el  bechc'  It  is  said 
to  be  very  contagious,  which  is  against  the  native  theory  that  it  is 
caused  by  eating  unripe  maize. 

The  disease  begins  as  an  itching  about  the  anus,  followed  by 
symptoms  of  acute  dysentery,  which  increase  in  severity  until  there 
is  a  constant  discharge  of  blood-stained  or  greenish  foetid  fluid. 
Prolapse  and  gangrene  of  the  rectum  may  now  occur,  or  convulsions 
may  supervene,  but  in  either  case  the  patient  dies. 

Natives  treat  the  disease  by  enemata  of  strong  lemon-juice  mixed 
with  dilute  rum,  a  dose  of  castor  oil  being  given  at  the  same  time. 
Enemata  and  decoctions  of  Spigelia  anthelmintica  are  also  pre- 
scribed. In  children  a  portion  of  a  lemon  is  roasted  and  inserted 
per  anum.  According  to  local  medical  men  this  native  treatment 
is  more  efficacious  than  boric-acid  enemata. 
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CHAPTER  XLVII 
DISEASES  OF  THE  LIVER  AND  PANCREAS 

General  remarks— Tropical  liver— Entamoebic  abscess  of  the  liver— 
Opisthorchiosis — Clonorchiosis — References. 

GENERAL  REMARKS 

Diseases  of  the  liver  and  pancreas  are  of  common  occurrence  in 
the  tropics.  The  liver  may  be  affected  in  the  course  of  tropical 
fevers,  especially  in  malaria  and  kala-azar,  in  the  latter  of  which 
Rogers  has  described  a  special  form  of  cirrhosis.  The  disease 
called  '  infantile  biliary  cirrhosis  of  the  liver,  described  by  Ghose 
and  Mackenzie  as  occurring  in  Calcutta  and  other  parts  of  India 
in  Hindu  and  Mohammedan  children,  appears  to  us  to  require 
reinvestigation,  with  a  view  to  deciding  whether  it  also  is  a  variety 
of  kala-azar.  It  is  said  to  attack  children  under  one  year  of  age, 
and  to  be  characterized  by  a  low  type  of  fever,  associated  with 
enlargement  of  the  liver  and  spleen,  jaundice,  pale  motions,  dark 
urine,  and  sometimes  vomiting  of  blood,  oedema,  and  ascites,  and 
ends  fatally  in  three  to  eight  months. 

Similarly  '  ponos,'  a  word  which  simply  means  pain,  has  been 
described  as  a  disease  of  infants  under  one  year  of  age  in  Spezzia 
and  Hydra,  characterized  by  irregular  fever  associated  with 
painful  enlargement  of  the  liver  and  spleen,  oedema  and  ascites 
and  progressive  emaciation.  It  may  be  complicated  by  dysentery, 
diarrhoea,  etc.,  and  usually  ends  fatally  after  a  course  varying 
from  a  few  months  to  two  years.  It  also  requires  reinvestigation 
with  a  view  to  deciding  whether  it  also  is  kala-azar.  Possibly  it  is 
identical  with  the  infantile  splenic  anaemia  met  with  in  Italy,  Sicily, 
and  Tunis,  and  caused  by  L.  infantum  NicoUe. 

Acute  yellow  atrophy  of  the  liver  is  not  as  uncommon  in  Ceyloji 
as  in  Europe,  for,  on  an  average,  we  have  met  with  one  or  two  cases 
per  annum.  It  occurs  in  Ceylon  more  commonly  in  men  than  in 
women,  but  the  cause  appears  to  be  quite  obscure. 

An  extraordinary  case  of  acute  severe  hepatitis  and  gastritis, 
which  caused  a  considerable  haemorrhage  to  take  place,  filling  all 
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the  small  biliary  ducts,  the  gall-bladder,  the  common  bile-duct, 
the  duodenum,  jejunum,  and  Ueum  with  blood,  has  been  recorded 
by  one  of  us  in  Ceylon.  The  inflammation  occurred  in  a  stomach 
which  was  altered  by  chronic  atrophic  gastritis.  The  hsemorrhage 
was  caused  by  the  blood  passing  from  the  damaged  hepatic  capillaries 
into  the  minute  bile  channels,  and  was  due  to  the  destruction  of 
the  walls  of  these  capillaries  and  the  liver  cells.  No  definite  cause 
could  be  found  for  this  condition,  which  is  decidedly  rare. 

Congestion  and  inflammation  of  the  liver,  together  with  abscess, 
are  common  in  the  tropics,  and  require  special  consideration. 

Atrophic  cirrhosis  of  the  liver  is  very  common  in  the  tropics,  and 
though  generally  there  is  a  history  of  alcohol,  still,  this  is  by  no  means 
always  so,  and  sometimes  the  cause  is  not  evident.  We  believe 
that  cirrhosis  of  the  liver  of  malarial  origin  is  much  less  frequent 
than  is  admitted  by  many  authors.  It  will  be  shown  presently  that 
various  parasites  cause  cirrhosis. 

Primary  cancer  of  the  liver  has  been  met  with,  but  is  very  rare. 
On  the  other  hand,  secondary  cancer  is  by  no  means  rare.  The 
only  non-malignant  growth  which  we  have  met  with  was  an 
angioma. 

The  protozoal  parasites  which  occur  in  the  liver  are  Entamceba 
histolytica,  the  cause  of  liver  abscess  ;  Leishmania  donovani  and 
L.  infantum,  the  causes  of  kala-azar  and  the  infantile  cirrhosis  of 
the  liver  mentioned  above ;  and  the  malarial  parasites,  as  has 
already  been  noted.  Eimeria  stiedce  has  not  been  found  in  the 
tropics  in  man. 

With  regard  to  the  trematode  parasites  of  the  liver,  Fasciolopsis 
buski  (rathouisi)  has  been  seen  in  a  Chinese  who  showed  obscure 
liver  symptoms,  and  no  doubt  microscopical  examination  of  the 
faeces  would  make  diagnosis  possible  ;  but  there  is  only  one  certain 
case,  and  the  information  regarding  the  symptoms  is  meagre. 
0-pisthorchis  noverca  and  0.  felineus  are  the  cause  of  opisthorchiosis, 
which  will  be  considered  later,  as  will  clonorchiosis,  caused  by 
Clonorchis  sinensis  and  C.  endemicus.  Dicroccelium  lanceatum  is 
considered  to  be  too  small  to  cause  any  serious  symptoms  while 
living  in  the  bile-ducts.  Schistosomum  mansoni  and  S.  japonicum 
may  both  affect  the  liver. 

With  regard  to  tape-worms,  TcBnia  echinococcus  is  not  common, 
but  we  have  met  with  one  case  of  echinococcus  in  Ceylon,  which 
was  brought  by  a  Boer  prisoner,  and  Begbie  has  recorded  another, 
not  in  the  liver,  but  associated  with  the  lung,  in  an  old  resi- 
dent m  Ceylon.  One  of  us  had  recorded  an  invasion  of  the  liver 
by  Ascarides,  and  the  formation  of  abscesses  by  the  agency  of 
these  worms.  We  have  also  recorded  Porocephalus  armillatus  in 
the  liver. 

Disease  of  the  gall-bladder  is  not  very  common  in  the  tropics, 
but  we  have  met  with  acute  and  chronic  inflammations.  Gall- 
stones are  often  met  with,  probably  as  sequels  to  typhoid  fever, 
but  also  arising  from  other  causes.     Suppuration  of  the  bile-ducts 
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TO  have  only  seen  once,  and  oedema  of  the  wall  of  the  gall-bladder 
ve  have  also  only  found  once.  Obstructive  and  catarrhal  j  aundice 
ire  met  with  fairly  frequently  in  the  tropics. 

Rupture  of  the  liver  may  take  place  as  the  result  of  traumatisms, 
ind  recently  Herzog  has  recorded  this  accident  in  a  Filipino  woman 
IS  the  result  of  a  native  obstetrical  practice,  which  consists  of  traction 
)n  a  cloth  wound  round  the  abdomen.  In  this  case  the  rupture 
lad  been  caused  by  the  perforation  of  the  tip  of  the  eleventh  rib 
nto  the  fatty  liver. 

In  our  experience,  the  pancreas  is  not  infrequently  found 
hseased.  We  have  met  with  the  following  types  of  inflammation 
n  Ceylon  : 

I.  Acute  haemorrhagic  pancreatitis. 

3.  Acute  suppurative  catarrh  of  the  ducts. 

3.  Subacute  pancreatitis. 

4.  Chronic  pancreatitis. 

(i)  Syphilitic  in  the  foetus. 
(2)  In  the  adult. 

[a)  Chronic  interlobular  pancreatitis. 
(&)  Chronic  interacinar  pancreatitis, 
(c)  Chronic  interlobular  and  interacinar  pancreatitis 
combined. 
It  should  be  remembered  that  the  subtertian  parasite  is  one  of 
he  causes  of  haemorrhagic  pancreatitis.     In  addition,  we  have  seen 
ancer  of  the  pancreas  producing  a  blocking  of  the  duct  of  Wirsung, 
nd  leading  to  a  ranula  which  contained  many  pancreatic  calculi. 
Ve  have  once  seen  an  ascaris  in  the  duct  of  Wirsung  associated 
dth  a  hyperaemic  condition  of  the  gland. 

After  this  brief  general  statement,  we  must  consider  congestion 
E  the  liver,  abscess  of  the  liver,  opisthorchiosis,  and  clonorchiosis. 

TROPICAL  LIVER. 

Synonyms. — Congestion  of  the  Liver,  Hyperaemia  of  the  Liver, 
idian  Liver. 

Definition. — Congestion  of  the  liver  is  a  hyperaemia  brought 
30ut  by  many  conditions,  especially  gastro-intestinal  disorders. 

Remarks. — ^There  can  be  no  doubt  that  the  European  is  apt  to 
Lt  and  drink  more  than  is  good  for  him  on  his  first  arrival  in  the 
opics,  and  that  this  is  bound  to  lead  to  an  increase  of  blood  in 
e  liver,  which  physiological  condition  may  easily  become  a  con- 
stion,  with  later  blood  stasis  and  diminution  of  the  functional 
;tivity  of  the  organ. 

Climatology. — Congestion  of  the  liver  is  a  cosmopolitan  complaint, 
it  is  much  more  commonly  met  with  in  the  tropics  than  in  the 
smperate  Zone. 

iEtiology. — Congestion  of  the  liver  is  brought  about  by  indiscre- 
)n  in  diet,  such  as  too  much,  too  rich,  or  too  highly  spiced  foods, 
■  alcoholic  excess,  and  by  chills. 
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Pathology. — Post  mortem  the  liver  is  found  to  be  swollen,  dark  red 
in  colour,  and  drips  with  blood  when  cut  into.  The  cells  are  often 
laden  with  fat,  and,  in  addition  to  the  changes  in  the  liver,  there 
will  be  added  the  pathological  changes  which  have  caused  the 
congestion,  and  which  are  generally  to  be  found  in  the  alimentary 
canal,  as  well  as  those  which  have  caused  the  death  of  the  patient. 

Symptomatology. — ^The  iUness  begins  with  frontal  headache, 
malaise  and  loss  of  appetite,  with  nausea  or  sickness,  and  a  bitter 
taste  in  the  mouth  on  awakening  in  the  morning.  The  tongue  is 
coated,  and  there  are  the  usual  signs  of  dyspepsia,  associated  with 
constipation  and  the  passage  of  pale-coloured  motions.  The  liver 
is  enlarged  and  tender,  and  usually  there  is  a  sense  of  weight  in  the 
right  hypochondrium,  and  pain  below  the  right  scapula  or  in  the 
right  shoulder,  and  there  may  be  slight  signs  of  jaundice  in  the  yellow 
conjunctiva  and  sallow  skin.  The  urine  may  be  diminished  in 
quantity,  high-coloured,  and  with  high  specific  gravity,  and  loaded 
with  uric  acid  and  urates.  The  nervous  system  is  also  affected,  and 
the  patient  is  usually  very  cross  and  irritable.  The  temperature  is 
generally  normal,  but  sometimes  it  rises,  and  when  above  ioo°  F. 
it  is  usual  to  call  the  disease  hepatitis,  instead  of  congestion  of  the 
liver.  The  common  non-febrile  variety  lasts  from  two  to  seven 
days,  but  is  liable  to  recur. 

Varieties. — Congestion  of  the  liver  may  be  acute  when  associated 
with  some  other  disease,  or  chronic  when  due  to  gastro-intestinal 
disturbance. 

Diagnosis. — ^The  diagnosis  is  based  on  the  painful  enlargement  of 
the  liver,  which,  in  the  absence  of  other  disease,  is  usually  unaccom- 
panied with  marked  rise  of  temperature. 

Treatment. — In  the  acute  attack  it  is  as  weU  to  keep  the  patient 
in  bed  and  begin  the  treatment  with  a  dose  of  calomel  (gr.  ii.  to 
gr.  v.),  followed  a  few  hours  later  by  a  saline  in  the  form  of  mag- 
nesium and  sodium  sulphates  or  Carlsbad  salts.  An  effervescing 
mixture  of  ammonium  carbonate  and  sodium  bicarbonate,  with 
citric  acid,  may  be  given  every  three  hours,  or  a  mixture  containing 
ammonium  chloride  in  some  combination.  At  the  same  time  hot 
fomentations  or  a  thick  coat  of  antiphlogistin  may  be  applied  to  the 
region  of  the  liver.  The  diet  should  consist  of  soups  and  milk,  diluted 
with  Vichy  or  barley  water,  and  no  alcohol  in  any  form  allowed. 

When  the  condition  has  become  chronic,  the  patient  must  be 
carefully  dieted  and  placed  upon  a  course  of  treatment  with  the 
above  effervescing  mixture  and  Vichy  (Grande  Grille),  and  when 
leave  in  Europe  is  available,  should  be  sent  to  Vichy,  Carisbad, 
Harrogate,  or  Montecatini.  He  should  avoid  alcoholic  stimulants 
and  rich  food  of  every  description,  and  especially  tinned  food,  and 
should  restrict  his  diet  to  fowls,  clear  soups,  fish,  and  well-cooked 
vegetables  and  milk,  avoiding  meat  and  curries. 

Whenever  the  acute  attack  is  over,  the  patient  should  be  advised 
to  take  exercise  daily— walking,  riding,  golf,  or  tennis,  combined 
with  the  usual  so-called  liver  exercises. 
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Prophylaxis.—Plain,  simple,  not  highly  spiced  food  should  be 
taken,  and  such  pernicious  drinks  as  the  heavy  forms  of  beer,  sherry, 
champagne,  etc.,  should  be  avoided.  If  any  form  of  alcohol  is  to 
be  taken  m  the  tropics,  this  should  be  Scotch  whisky,  well  diluted, 
or  light  clarets,  and  then  only  in  moderation.  Chills  must  be 
avoided  as  carefully  as  possible,  especially  when  there  is  a  land 
wind,  in  the  rains,  and  when  changing  from  a  warm  to  a  cooler 
climate. 

With  regard  to  the  cold  bath,  there  is  no  doubt  that  the  majority 
of  people  are  unable  to  stand  this  in  the  tropics,  and  therefore  it. 
is  better  to  use  water  with  the  chill  removed. 

Some  persons  are,  however,  distinctly  benefited  by  a  cold  bath, 
and  therefore  individual  peculiarities  must  be  considered. 

The  most  dangerous  time  for  chills  is  in  the  -night ;  -therefore  it  is 
as  well  to  sleep  with  some  light  blanket  placed  over  the  abdomen, 
and  in  flannel  night  attire.  In  the  daytime  a  woollen  undervest 
or  cholera-belt  may  be  worn.  The  clothes  must  be  carefully 'changed 
whenever  they  become  damp. 

ENTAMCEBIC  ABSCESS  OF  THE  LIVER. 

Synonyms. — Hepatic  Abscess,  Absces  du  Foie,  Tropischer  Leber- 
abszess,  Epatite  Suppurativa. 

Definition. — Amoebic  abscess  of  the  liver  is  a  suppurative  hepatitis, 
caused  by  Entamoeba  histolytica  (and  perhaps  other  species  of 
Entamcehce),  usually  preceded  by  an  attack  of  amoebic  dysentery. 

History. — Liver  abscess  was  known  to  the  ancients,  and  was 
operated  upon  as  far  back  as  the  days  of  Hippocrates,  while  Galen 
recognized  its  connection  with  dysentery,  and  Morgagni  studied  its 
morbid  anatomy.  During  the  nineteenth  century  the  disease  was 
carefully  studied  by  French  surgeons,  beginning  with  those  of  the 
army  of  occupation  in  Egypt,  and  also  by  the  French  colonial 
doctors  and  the  Indian  army  surgeons.  The  discovery  of  EntamcebcE 
emphasized  the  connection  between  liver  abscess  and  dysentery. 
Kruse  and  Pasquale  were  the  first  to  regularly  find  amcebae  in  the 
liver  abscess,  and  to  state  that,  apart  from  the  amoebEe,  the  pus  was 
sterile.  Later  researches  have  confirmed  this  discovery,  and  have 
demonstrated  that  the  pus  of  a  liver  abscess  does  not  contain  bac- 
teria in  most  cases — a  fact  which  agrees  with  our  experience — and 
that  the  true  cause  of  the  malady  is  E.  histolytica. 

Climatology. — Liver  abscess  is  essentially  a  disease  of  the  tropics 
and  subtropical  regions.  It  is  very  common  in  India  and  Indo- 
China,  rather  less  so  in  Ceylon,  Malaya,  Java,  Sumatra,  and  rare  in 
Southern  China.  In  Africa  it  is  common  in  Egypt  and  North  and 
West  Africa  (Gold  Coast).  In  America  it  appears  to  be  less  com- 
monly met  with,  being  rare  in  the  United  States,  West  Indies,  and 
British  Guiana.  It  is  also  found,  though  rarely,  in  the  Temperate 
Zone,  in  Spain,  Italy,  France,  and  even  in  such  a  northern  country 
as  England.     There  is  no  seasonal  variation. 
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etiology. — ^The  cause  of  the  suppuration  isE.  histolytica  Schau- 
dinn,  and  perhaps  other  varieties  of  EntamcebcB.  It  is  more  common 
in  Europeans  than  in  natives,  and  more  so  in  males  than  females, 
and  is  usually  a  disease  of  adults.  The  most  important  predisposing 
cause  is  perhaps  alcohol. 

Pathology. — ^The  Entamcehcz  pass  from  the  bowel  via  the  portal 
vein  into  the  liver,  where  they  produce  coagulative  necrosis  of  the 
liver  cells,  which  become  formless  and  break  up  into  granular 
debris.  This  necrosis  is  thought  to  be  brought  about  by  means 
of  toxins  produced  by  the  EntamcebcB.  The  necrosed  area  under- 
goes liquefaction  and  forms  the  abscess,  the  contents  of  which 
consist  of  debris,  endothelial  cells,  mononuclear  leucocytes  (rarely 

polymorphonuclears),  red  corpus- 
cles, hsematoidin,  cholesterin,  and 
rarely  Charcot-Leyden  crystals. 
The  pus  is  usually  sterile,  and  as 
a  rule  does  not  contain  amoebas, 
which  are  in  the  marginal  wall  of 
the  abscess,  and  may  extend  into 
the  liver  tissue  for  some  distance 
from  the  focal  lesion.  After  the 
abscess  has  been  opened,  amoebae 
may  be  found  in  the  pus.  The 
process  of  repair  has  not  been 
fully  worked  out,  but  it  appears 
as  though  the  granulation  tissue 
formed  new  connective  tissue,  in 
which  new  bloodvessels  and  pro- 
liferating bile-ducts  may  be  seen, 
indicating  the  processes  which 
may  lead  to  repair. 

Usually  there  is  only  one  abscess, 
but  it  is  not  uncommon  to  find 
two,  and  there  may  be  more.  The 
abscess  is  generally  found  in  the 
posterior  part  of  the  upper  portion 
.  .  of  the  right  lobe.     It  is  rounded 

m  form,  with  walls  composed  of  degenerated  liver  cells  and  granu- 
lation tissue.  Its  contents  may  be  thick,  creamy  pus,  but  more 
usually  it  is  yellowish  or  brown-coloured.  On  microscopical  ex- 
ammation  it  consists  largely  of  detritus,  with  a  few  degenerated 
liver  and  pus  cells.  The  bacteria  found  in  the  pus,  when  it  is  not 
sterile,  are  streptococci,  staphylococci,  B.  colt  communis,  and 
B  pyocyaneus,  and  occasionally  some  anaerobic  germs.  The 
abscess  varies  much  in  size,  from  a  small  hollow  containing  only 
I  or  2  ounces  up  to  a  huge  cavity  with  a  couple  of  pints  or  more 
of  pus,  while  even  larger  have  been  described.  The  size  of  the 
liver,  apart  from  the  abscess,  also  varies,  being  sometimes  increased 
and  sometimes  diminished.     Apart  from  the  liver  abscess,  there  are 


Fig. 


339. — Entamcebic  Abscess  of 
XHK  Liver. 
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mally  signs  of  old  or  recent  dysentery  in  the  colon,  though  these 
lay  ^be  absent.  There  may  be  abscesses  in  other  parts  of  the  body, 
it  these  are  rare. 

Symptomatology.— There  is  usually  a  history  of  a  previous  attack 

[dysentery,  but  this  may  be  wanting.     The  disease  begins  in- 

diously  with  signs  of  congestion  of  the  liver  and  fever.    This  fever 

important,   being  irregular,   sometimes   remittent,   sometimes 

itermittent,  sometimes  with  long  apyrexial  intervals. 

The  X  rays  may  show  that  the  movement  of  the  diaphragm  is 
tminished  on  the  right  side.  This  early  stage,  called  by  Rogers 
le  '  presuppurative  stage,'  is  of  the  utmost  importance  ;  for  if  it 
m  be  recognized  and  appropriate  treatment  applied,  the  disease 
lay  be  stopped  in  a  certain  number  of  cases.  If,  however,  this  is 
ot  done,  rigors  may  take  place,  and  the  fever  usually  becomes 
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:g.  340. — The  Temperature-Chart  of  a  Case  of  Abscess  of  the  Liver. 

ore  severe,  and  a  typical  hectic  temperature  with  night-sweats 
ay  ensue  ;  while  the  patient  complains  of  a  dragging  sensation  on 
le  right  side,  pain  under  the  right  shoulder-blade  and  in  the  right 
loulder.  This  latter  is  a  referred  pain,  due  to  the  fact  that  the 
irenic  nerve  arises  from  the  fourth  cervical  nerve-root,  the  fibres 

which  supply  the  skin  of  the  shoulder. 

A  patient  with  an  abscess  of  the  liver  often  possesses  a  most 

■pical  facies.     He  lies  on  his  back,  with  his  legs  drawn  up  ;  his  face 

drawn,  and  of  a  pale  yellow  colour,  and  the  ocular  conjunctiva 
)ssessss  a  peculiar  bluey-whitish  colour.  It  is  said  that  sometimes 
e  right  pupU  is  dilated,  but  in  our  experience  this  is  not  a  constant 
mptom.  Generally  he  is  emaciated,  and  deep  inspiration  is  pain- 
1 ;  hence  the  breathing  is  costal  in  character,  and  often  there  is  a 
ght  cough.  The  hands  and  feet  are  often  cold  and  clammy  to 
e  touch. 
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On  inspecting  the  abdomen  and  chest,  the  right  hypochondrium 
wUl  be  noticed  to  be  bulging,  while  the  liver  is  enlarged  and  tender. 
On  palpating  the  front  of  the  abdomen,  the  right  rectus  muscle  may 
be  felt  to  become  suddenly  rigid — a  most  characteristic  sign — while 
the  left  is  not  affected.  On  percussion  the  liver  is  found  to  be 
enlarged,  and  pain  may  be  produced  by  pressure  in  the  epigastrium 
or  over  an  intercostal  space.  These  painful  spots  are  of  importance 
in  localizing  the  site  of  the  abscess.  On  listening  over  the  lower 
part  of  the  chest,  fine  crepitations  or  friction  sounds  may  be  heard. 

Usually  liver  abscess  is  accompanied  by  some  anaemia  and  some 
increase  in  the  number  of  the  total  leucocytes,  but  this  appears  to 
vary,  being  greater  if  the  abscess  is  small  and  deeply  seated,  and  less 
so  if  large  and  superficial.  According  to  Rogers,  the  ratio  of  white 
to  red  corpuscles  varies  from  i  :  517  to  i  :  126.  With  regard  to  the 
differential  count,  the  polymorphonuclear  leucocytes  are  but  slightly 
increased,  but  the  lymphocytes  are  usually  more  than  normal. 
Leger  gives  the  differential  count  as  being :  polymorphonuclears, 
79'67  per  cent.  ;  lymphocytes,  18-5  per  cent.  ;  mononuclears,  1-29 
per  cent.  ;  and  eosinophUes,  2-03  per  cent.,  which  closely  agrees 
with  Rogers'  figures,  which  are  :  polymorphonuclears,  74  to  87  per 
cent.  ;  lymphocytes,  7  to  22  per  cent.  ;  mononuclears,  3  to  7  per  cent.; 
eosinophUes,  0  to  4  per  cent.  In  some  of  our  cases  there  was  no 
polymorphonuclear  leucocytosis,  while  on  several  occasions,  even  in 
non-malarial  subjects,  there  was  a  relative  large  mononuclear  in- 
crease. The  number  of  sudanophile  leucocytes  tested  according  to 
the  Cesaris-Demel  method  is  often  increased. 

The  urine  is  usually  diminished,  and  its  excretion  is  said  to  be 
altered,  so  that  the  greatest  quantity  is  passed  between  12  midnight 
and  12  noon,  being  especially  increased  in  the  early  morning. 

If  the  abscess  is  allowed  to  continue  its  own  course,  it  may  burst 
into  the  lung,  causing  signs  of  pleurisy  and  pneumonia,  associated 
with  the  expectoration  of  characteristic  brown  or  reddish-brown 
gummy,  viscid,  purulent  matter ;  or  into  the  stomach,  when  a 
similar  material  will  be  vomited  ;  or  into  the  bowel,  when  it  will 
be  passed  per  anum.  It  may  also  burst  into  the  pericardium  or  the 
peritoneum,  or  into  the  vena  cava,  all  of  which  cases  are  bound  to 
end  fatally.     If  it  does  not  burst,  the  patient  may  die  of  exhaustion. 

The  duration  of  a  liver  abscess  is  very  variable,  being  from  a  few 
weeks  to  several  months,  and  even  years. 

Diagnosis. — ^The  diagnostic  points  in  abscess  of  the  liver  are  : 
painful  enlargement  of  the  liver;  the  characteristic  pain  in  the 
shoulder  ;  the  rigidity  of  the  right  rectus  ;  the  loss  of  movement  in 
the  right  side  of  the  diaphragm  on  radioscopy  ;  and,  above  all,  the 
discovery  of  the  pus  by  exploratory  puncture,  as  described  below. 

Pleurisy  with  effusion  on  the  right  side  can  be  distinguished  from 
liver  abscess  by  the  presence  of  Grocco's  paravertebral  triangle  on 
the  left  side.  Moreover,  in  pleuritic  effusions  the  upper  limit  of 
the  dulness  is  horizontal,  while  in  liver  abscess  it  is  convex. 
Another  diagnostic  point  to  which  Manson  has  drawn  attention  is 
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that  the  enlarged  liver  gravitates  with  changes  of  position  much 
more    distinctly  than  pleural  effusions.      If  the  dulness  in  the 
mid-axillary  line  diminishes  notably  when  the  patient  lies  on  his 
left  side,  the  case  is  probably  one  of  liver  abscess.     It  is  to  be  noted, 
however,  that  a  right  pleural  effusion  and  a  liver  abscess  may 
coexist. .  Pneumonia  on  the  right  side  with  congestion  of  the  liver 
may  also  lead  to  difficulties,  which  must  be  met  by  careful  physical 
examination  and  the  microscopical  and  bacteriological  examination 
of  the  sputum.     Malarial  fever  can  be  diagnosed  from  the  fever  of 
hepatitis  by  examination  of  the  blood  and  the  presence  of  the 
enlarged  spleen.     In  those  cases  of  liver  abscess  in  which  fever  is 
the  only  s5maptom  the  diagnosis  may  be  extremely  difficult,  and  may 
require  all  modern  bacteriological  methods  to  exclude  Malta  fever, 
malaria,  septicaemia,  and  typhoid,  etc.     When  in  doubt,  an  ex- 
ploratory puncture  should  always  be  made,  for  it  can  do  no  harm, 
and  may  relieve  the  congestion.     When  a  long  needle  is  introduced 
into  a  liver  abscess,  it  moves  regularly  with  respiration.     Purulent 
cholecystitis  in  most  cases  gives  no  trouble  on  diagnosis,  as  the  en- 
larged gall-bladder  can  be  easily  felt,  and  there  is  generally  a  history 
of  hepatic  colic. 

Syphilitic  giunma  of  the  liver  may  show  many  s5miptoms  in 
common  with  liver  abscess,  including  the  intermittent  fever,  as 
we  have  twice  noted.  The  action  of  potassium  iodide  in  full  doses 
clears  the  diagnosis. 

Cases  of  leukaemia,  pseudo-leukaemia,  and  kala-azar  have  been 
mistaken  for  liver  abscess,  but  in  all  these  conditions  the  spleen  is 
also  greatly  enlarged. 

In  this  connection  we  may  emphasize  the  necessity  for  the  ex- 
amination of  the  blood  in  order  to  exclude  leukaemia,  otherwise  a 
fatal  haemorrhage  may  follow  such  a  simple  operation  as  puncture 
of  the  liver.  Liver  abscess  is  usually  easily  diagnosed  from  hydatid 
disease,  but  when  purulent  changes  have  taken  place  in  the  latter 
the  diagnosis  may  be  impossible,  except  by  the  history  and  the 
eosinophilia. 

Prognosis. — If  the  abscess  is  left  unoperated  for  a  long  time,  the 
prognosis  is  very  bad,  as  the  danger  of  exhaustion  and  septic  infec- 
tion is  great.  If  the  abscess  has  burst  into  the  lung,  the  prognosis 
is  also  bad,  but  better  than  if  it  had  burst  into  the  bowel.  Since 
operative  measures  have  come  into  more  common  use,  the  mortality 
has  decreased,  according  to  Dujardin  Beaumetz,  from  82  per  cent, 
to  32  per  cent. 

Treatment.— If  a  case  is  suspected  by  the  symptoms  and  Wooa- 
counts  to  be  in  the  '  presuppurative  stage,'  ipecacuanha  should  be 
administered,  and  should  be  given  with  the  precautions  already 
mentioned  under  Amoebic  Dysentery,  and  must  be  continued  for 
several  weeks  after  every  sign  of  hepatitis  has  disappeared. 

If,  however,  an  abscess  is  believed  to  have  formed,  there  should 
be  no  delay  in  making  an  exploratory  puncture. 

For  this  purpose  a  needle  sj  inches  in  length,  but  preferably  not 
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longer,  because  of  the  danger  of  injuring  the  vena  cava,  should  be 
rendered  sterile  by  boiling  in  plain  water,  but  must  not  be  dipped 
into  an  antiseptic  lotion  nor  into  spirit.  This  needle  should  be 
capable  of  being  fitted  on  to  a  glass  syringe  or  an  aspirator. 

The  patient  should  be  placed  under  chloroform,  and  all  arrange- 
ments should  be  made  so  that  an  operation  can  be  performed  at 
once  if  necessary. 

The  needle  should  be  driven  into  the  liver  in  the  region  of  any 
definite  swelling  or  pain,  or,  failing  these,  through  the  eighth  inter- 
costal space  in  the  anterior  axUlary  line,  about  i  or  i|  inches  from 
the  costal  margin. 

The  direction  of  the  needle  should  be  inward,  slightly  upward  and 
backward,  because  the  usual  site  of  an  abscess  is  in  the  upper  and 
back  part  of  the  right  lobe. 

Aspiration  by  the  syringe  or  the  aspirator  may  reveal  pus,  or  may 
fail  to  do  so,  in  which  latter  event  the  needle  must  be  carefuUy  and 
slowly  withdrawn,  and  its  contents  ejected  on  to  a  clean  white  dish, 
to  see  if  it  is  composed  of  the  grumous  material  of  liver  abscess. 
The  needle  should  now  be  driven  into  the  liver  in  different  places 
and  directions  until  some  six  to  twelve  punctures  have  been  made. 
There  is  no  danger  in  this  procedure  if  performed  with  reasonable 
care,  and  it  may  even  benefit  the  patient  by  performing  what  has 
been  termed  '  hepatic  phlebotomy.'  When  the  abscess  has  been 
located,  the  needle  should  be  left  in  situ  as  a  guide,  and  one  of  two 
procedures  may  be  carried  out :  A.  Aspiration  ;  B.  Operation. 

The  operation  should,  however,  be  always  performed  if  the  abscess 
has  already  burst  into  the  lungs,  the  peritoneal  or  pleural  cavities. 

A.  Aspiration. — ^This  is  preferable  if  the  abscess  is  small,  and 
consists  of  evacuating  its  contents,  and  the  repeated  irrigation  of 
the  cavity  with  a  solution  of  bi-hydrochloride  of  quinine  (3  to  5  grains 
to  the  ounce)  by  means  of  Rogers'  flexible  sheathed  aspiration 
cannula. 

B.  Operation. — An  operation  is  necessary  if  the  abscess  is 
large,  if  the  pus  is  not  sterile,  if  the  abscess  has  burst  into  the  lungs 
or  a  serous  cavity. 

The  site  of  the  operation  depends  upon  where  the  pus  has  been 
obtained.  Two  principal  places  may  be  mentioned :  (i)  through 
the  thoracic  wall ;  (2)  through  the  abdominal  wall  below  the  ribs. 

Giordano  and  others  have  recommended  a  laparotomy  and  the 
localization  of  the  abscess  by  the  hand  prior  to  the  actual  operation 
for  evacuation  of  the  pus.  This  may  be  useful  in  certain  cases 
when  there  are  no  signs  indicating  the  position  of  the  abscess. 

I.  Operation  through  the  Thoracic  Wall. — An  incision  should  be 
made  through  the  parietes,  including  the  site  of  the  puncture, 
through  which  pus  was  obtained.  After  the  skin  has  been  well 
retracted,  a  piece  of  a  rib  may  require  to  be  removed,  thus  exposing 
the  diaphragm  below  the  pleura,  which  must  be  incised  and  stitched 
to  the  margins  of  the  wound,  and  the  wound  well  packed  with  gauze. 

The  liver  is  now  exposed,  and  two  methods  of  procedure  are  open 
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needle  wbS°^~l*^^'  ^.P^'^  ^  P^i'^  o^  'iilating  forceps  along  the 
and  ev.^?ff  If'  ^^"'^  ^'?  ?  ^^'^'  ^"d  th^^  t°  «Pen  up  the  civity 
tube  tn  w.=f>,  '.P^l''  ^^d.then,  after  inserting  a'^double  drainage- 
ahnvp  .1^  °"i*^^  '^^''i^y  ^^^  t^^  quinine  solution  mentioned 
dreTt'b??,  ""S  *^^  TT*^'  ^  ^'^^  drainage-tube  in  position,  and 
dress  the  wound  aseptically,  or  to  adopt  Hanson's  special  apparatus. 
rpn;^,?°''V  ^l\^^  u^^  preliminary  incision,  thrusts  a  trocar  and 
cannula  mto  the  abscess,  and,  after  withdrawing  the  trocar,  passes  a 
dramage-tube  stretched  on  a  probe  into  the  abscess  cavity,  and  then, 
withdrawing  first  the  trocar  and  then  the  probe,  the  drainage-tube 
IS  lett  in  position  in  the  liver  abscess,  and,  being  firmly  gripped  by 
liver  tissue,  prevents  leakage  of  pus  into  the  abdominal  cavity. 

2.  Operahon  through  the  Abdominal  Wall.—The  usual  method  is 
to  cut  down  upon  the  swelling  or  on  to  the  liver,  and  if  adhesions  are 
tound,  to  evacuate  and  drain  the  abscess.  If  there  are  no  adhesions, 
tne  liver  is  fixed  to  the  peritoneum  by  a  few  stitches  of  thick  catgut 
or  kangaroo  tendon,  but  preferably  not  silk,  and  the  wound  is  lined 
by  iodoform  gauze  and  left  for  two  days,  when,  adhesions  having 
formed,^  the  abscess  can  safely  be  evacuated  as  described  above. 
Manson  s  apparatus  can,  of  course,  be  used  in  this  position  as  well 
as  through  the  thoracic  wall. 

Post-Operative  Treatment.— The  dangers  of  the  operation  itself 
are  but  slight.  The  pleura  may  be  opened,  and  if  this  happens,  it 
should  be  carefully  closed  by  stitches. 

The  post-operative  complications  are  many,  and  include  haemor- 
rhage, pneumothorax,  pyothorax,  pyopneumothorax,  gangrene  of 
the  lung,  and  delayed  chloroform  poisoning,  whUe  a  second  abscess 
is  not  uncommonly  met  with,  and  must  be  relieved. 

After  the  operation  the  temperature  should  fall  to  normal,  and  if 
this  does  not  happen,  a  second  abscess  or  one  of  the  above  complica- 
tions may  be  suspected,  unless,  indeed,  it  is  due  to  imperfect 
drainage,  which  must  at  once  be  rectified. 

The  dressings  should  at  first  be  frequently  changed,  usually  twice 
a  day,  and  the  cavity  irrigated  with  quinine  lotion.  Good  drainage 
is  the  essential  of  the  post-operative  treatment,  and  care  must  be 
taken  that  the  drainage-tube  is  not  too  rapidly  shortened,  otherwise 
the  temperature  is  apt  to  rise. 

On  recovery,  the  patient  should,  if  possible,  be  given  a  holiday 
in  the  Temperate  Zone.  A  short  course  of  ipecacuanha  after  the 
operation  wound  has  quite  healed  is  distinctly  indicated  in  order  to 
prevent  the  formation  of  another  abscess. 

OPISTHORCHIOSIS. 

Definition. — Opisthorchiosis  is  an  invasion  of  the  bUe-ducts  with 
Opisthorchis  noverca  Braun  1903  and  0.  felineus  Rivolta  1885. 

Remarlis. — 0.  noverca  is  said  to  be  common  in  dogs  in  India,  but 
has  only  once  been  found  in  the  dUated  bile-ducts  of  an  Indian  in 
Calcutta,  who  died  with  dysenteric  symptoms. 
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0.  felineus  has  been  found  in  the  dilated  bile-ducts,  and  inciden- 
tally also  in  the  intestine  of  human  beings,  cats  and  dogs  in  Tomsk. 
It  caused  a  form  of  hepatic  cirrhosis. 

CLONORCHIOSIS. 

Definition. — Clonorchiosis  is  the  invasion  of  the  bile-ducts  with 
Clonorchis  sinensis  Cobbold  and  C.  endemicus  Baelz. 

Climatology. — These  parasites  occur  in  China,  Indo-China,  and 
Japan,  C.  sinensis  being  more  commonly  found  in  China,  and 
C.  endemicus  in  Japan.  They  were  both  until  recently  classified 
under  the  term  Ofisthorchis  sinensis. 

Pathology. — These  parasites  occur  in  dogs  and  cats,  but  the 
method  of  infection  is  quite  unknown.  In  man  they  live  in  the 
bile-ducts,  in  the  recesses  in  the  wall  of  the  dilated  gall-bladder  or 
of  the  bile-ducts,  and  in  the  duodenum.  They  may  also  be  found  in 
abscesses  apparently  unconnected  with  the  liver.  The  ova  are 
found  in  the  alimentary  canal  and  the  faeces.  The  liver  becomes 
enlarged,  and  may  be  darker  in  colour,  while  it  is  atrophied  in  the 
neighbourhood  of  the  dilated  dudts.  The  intestine  may  show 
catarrhal  inflammation. ,  Often  the  spleen  is  also  enlarged,  and 
there  may  be  ascites  or  oedema.  Ova  have  been  met  with  in  the 
abdominal  lymphatics,  while  the  flukes  themselves  have  been  found 
in  a  lumbar  abscess.     The  blood  shows  an  eosinophilia. 

Symptomatology. — ^There  is  an  abnormal  appetite,  but  the  general 
health  remains  good  for  some  time,  though  the  liver  enlarges  and 
becomes  painful,  while  jaundice  may  be  present.  The  spleen  also 
enlarges.  The  disease  is  apparently  very  chronic,  but  towards  the 
end  emaciation,  ascites,  oedema  about  the  feet  and  legs,  and  diarrhoea 
lead  to  death. from  exhaustion.    Abscesses  may  form. 

Diagnosis. — The  presence  of  the  worms  can  only  be  diagnosed  by 
finding  the  eggs  in  the  faeces. 

Prognosis. — ^The  prognosis  is  bad,  as  no  cure  is  known. 

Treatment. — An  attempt  may  be  made  to  kill  the  worms  by 
thymol  or  Filix  mas  ;  otherwise  the  treatment  must  be  symptomatic. 

Prophylaxis. — Nothing  can  be  said  as  to  prophylactic  measures 
until  the  method  of  infection  is  known. 
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CHAPTER  XLVIII 

DISEASES  OF  THE  CIRCULATORY 
ORGANS,  SUPRARENALS,  AND  THYROID 

GLAND 
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renals — Diseases  of  the  thyroid  gland — Diseases  of  the  spleen — Diseases 
of  the  thymus — References. 

DISEASES  OF  THE  CIRCULATORY  ORGANS. 

Diseases  of  the  circulatory  organs  are  common  in  the  tropics  as 
well  as  in  other  parts  of  the  world. '  Pericarditis  and  endocarditis 
are  not  as  common  as  in  other  regions,  probably  because  rheumatism 
is  rare,  and  therefore  they  are  due  to  such  other  causes  as  gonococcal 
infection,  etc.  Atrophies  of  the  heart,  especially  brown  atrophy, 
are  quite  common  as  the  result  of  some  general  disease.  Heart- 
block  is  rare,  but  has  been  met  with.  Rupture  of  a  perfectly 
normal  myocardium,  the  pericardium  being  intact,  is  recorded 
by  Herzog  as  due  to  fracture  of  the  second,  fourth,  and  fifth 
ribs. 

Atheromatous  degeneration  of  the  arteries  is  quite  common,  and 
aneurism  is  found,  generally  affecting  the  thoracic  aorta,  while 
varicose  veins  and  varicocele  are  usual,  and,  associated  with 
hypertrophy  of  the  heart,  are  very  common  among  rickshaw 
coolies. 

Thrombosis  is  often  met  with  as  the  result  of  typhoid  fever  and 
other  diseases,  and  we  have  seen  thrombosis  of  a  coronary  artery 
with  myomalacia  cordis  or  aneurism  of  the  heart. 

Chlorosis  is  rare,  though  we  have  seen  cases  in  European  and 
high-class  native  girls.  Antemia  is  common,  being  generally  due 
to  agchylostomiasis,  malaria,  or  kala-azar.  Leukaemia  cannot  be 
said  to  be  very  rare,  and  is  either  of  the  spleno-medullary  type  or 
the  lymphatic  type.  Pseudo-leukaemia  and  Banti's  disease  are 
also  known. 

General  dropsy  not  due  to  heart  or  renal  disease  is  generally 
agchylostomiasis  or  beri-beri. 
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The  parasites  of  the  circulatory  organs  are  the  malaria]  parasites, 
the  spirochetes,  Trypanosoma  gambiense,  Leishmania  donovani, 
L.  infantum  Schistosoma  hcematobium,  S.  mansoni,  and  the  Micro- 
filaricB. 

Tropical  Heart. 

Under  this  heading  MacLeod  has  described  the  conditions  of 
palpitation  and  dyspnoea  on  going  up  hills,  met  with  in  persons  who 
have  resided  long  in  the  tropics.  He  assigns  this  to  degeneration  of 
the  heart,  brought  on  by  the  heat  and  by  the  exceptional  work  which 
it  has  to  do  owing  to  the  changes  in  the  circulation  which  result 
from  the  high  temperature  of  the  tropics.  He  considers  this  to  be 
the  basis  of  the  syncopal  form  of  heat  exhaustion. 

DISEASES  OF  THE  SUPRARENALS. 

We  have  met  with  Addison's  disease  once  in  a  European,  and 
twice  with  haemorrhage  into  both  the  suprarenal  capsules — once  in 
a  stUl-birth  after  a  breech  presentation  in  a  native  child,  and  once 
in  a  case  of  acute  suprarenal  haemorrhage  in  a  European  lady. 
This  last  showed  symptoms  so  remarkable  in  character  that  a  brief 
description  may  be  given. 

Acute  Suprarenal  Haemorrhage. 

After  a  year's  residence  in  Ceylon,  a  young  English  lady,  four 
months  pregnant,  was  suddenly  taken  ill  with  fever  associated  with 
an  abnormally  quick  pulse,  great  tenderness  above  the  umbilicus, 
and  pain  in  the  small  of  the  back  on  both  sides.  After  a  short 
intermission  the  fever  returned,  and  rose  to  104°  F.,  with  a  pulse  of 
130,  and  quick  respirations  ;  the  abdomen  became  much  distended 
and  very  tender,  and  the  bowels  were  constipated.  All  the  organs 
were  normal,  as  was  the  urine.  Vomiting  did  not  begin  till  near  the 
end,  when  the  tongue  first  became  coated,  and  then  dry.  Hiccough 
intervened  before  -death  on  the  thirteenth  day.  Treatment  was 
without  success  in  any  way,  and  an  exploratory  laparotomy  revealed 
no  abnormality  beyond  bowels  distended  with  gas.  On  post- 
mortem examination,  no  pathological  phenomena  were  seen,  except 
haemorrhages  into  both  suprarenal  capsules. 

DISEASES  OF  THE  THYROID  GLAND. 

Diseases  of  the  thyroid  gland  are  quite  common  in  the  parts  of 
the'  tropics  with  which  we  are  acquainted.  Myxoedema  has  been 
seen  by  us  in  Ceylon  ;  goitres,  parenchymatous  and  adenomatous, 
have  been  met  with  by  ourselves  in  Ceylon,  and  by  Smger  m 
Abyssinia.  Exophthalmic  goitre  has  been  especially  noted  as  tar 
from  rare  by  Singer  in  Abyssinia  and  Emile  in  East  and  Central 
Africa  but  is  very  rare  in  India  and  Ceylon.     McGarrison  believes 
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that  the  goitre  endemic  in  Gilget  (Kashmir)  is  due  to  a  living 
organism  which  exists  in  water  and  in  the  alimentary  canals  of 

goitrous  individuals. 
He  considers  intesti- 
nal antiseptics  have 
a  marked  curative 
effect. 


DISEASES  OF  THE 
SPLEEN. 

The  spleen  is 
affected  in  malaria, 
kala  -  azar,  relapsing 
fever,  etc.,  as  already 
described.  Capsulitis 
is  very  commonly  met 
with  in  post-mortems, 
but  splenic  abscess  is, 
in  our  experience,  rare, 
and  may  be  of  enta- 
moebic  origin.  Infarcts 
and  tuberculosis  are, 
however,  not  so  rare, 
and  spleho-medullary 
leukaemia,  as  has  been 
mentioned  above,  is 
not  very  rare.  Rup- 
ture of  the  enlarged 
malarial     spleen     has 

already  been  mentioned,    and    may   cause   death   within    a   few 

minutes,  or  the  patient  may  live  for  several  hours. 

DISEASES  OF  THE  THYMUS. 

Only  once  have  we  encountered  a  persistent  thymus  gland  with 

some  enlargement  of  the  lymphatic  glands,  and  this  was  in  a  case  of 

sudden  death. 
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Fig.  341. — Goitre  in  a  Sinhalese  Woman. 


CHAPTER  XLIX 
DISEASES  OF  THE  URINARY  ORGANS 

General — Urinary  Schistosomiasis — References. 

GENERAL. 

Renal  disease  in  all  its  forms  is  frequently  met  with  in  the  tropics, 
where  nephrolithiasis,  pyonephrosis,  and  pyelitis,  with  all  their 
associated  phenomena  are  by  no  means  rare.  Stone  in  the  bladder 
is  common  in  certain  regions,  as  is  prostatic  hypertrophy.  But 
the  only  disease  which  really  concerns  us  in  this  work  is  urinary 
bUharziosis,  caused  by  Schistosomum  hcematobium.  Tumours  of 
the  bladder  are  not  common  in  our  experience.  Prostatic  abscess 
is  met  with  at  times.  Native  children  in  some  parts  of  Africa 
(Sudan)  suffer  very  often  from  a  complaint  called  by  the  Arabs 
'  har  boul,'  characterized  by  severe  burning  on  passing  urine.  This 
condition  is  due  to  concentrated  acid  urine  and  the  presence  of 
gravel. 

URINARY  SCHISTOSOMIASIS. 

Synonyms. — Bilharziosis,  Endemic  Hsematuria,  Bilharzia  Disease. 

Definition. — Bilharziosis  is  infection  with  Schistosomum  hcema- 
tohium  Bilharz  1852,  the  eggs  of  which  irritate  and  invade  the 
urinary  tract,  and  cause  hasmaturia  and  cystitis. 

History. — The  disease  has  been  endemic  in  Egypt  since  ancient 
times,  Ruffer  having  demonstrated  calcified  eggs  of  S.  hamatdbium 
in  mummies  of  the  twentieth  dynasty  (about  1250-1000  B.C.).  Hse- 
maturia was  much  noticed  by  the  French  army  surgeons  in  1799 
to  1801 ;  but  it  was  not  till  1851  that  Bilharz  made  the  discovery 
that  the  disease  was  due  to  S.  hcematohium. 

Climatology. — Bilharziosis  is  prevalent  in  Africa,  especially  in 
Egypt  and  the  Cape,  but  it  is  also  met  with  in  Asia,  in  India,  Syria, 
and  Mesopotamia,  and  in  the  West  Indies.  In  Egypt,  according  to 
Sandwith,  infection  probably  takes  place  in  the  early  winter  months 
when  the  floods  have  subsided. 

iEtiology. — ^The  cause  of  the  disease  is  5.  hmmatobium.  The  life- 
history,  as  far  as  is  known,  is  described  in  Chapter  XIV.,  p.  371- 
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The  method  of  infection  is  unknown,  but  the  eggs  leave  the  body 
with  the  urine.  Therefore  it  is  possible  that,  as  the  parasite  lives 
in  water,  infection  may  be  by  way  of  the  skin  or  the  mouth,  but 
by  which  is  not  definitely  known,  though  the  skin  infection  has 
recently  been  supported  by  Williamson  in  Cyprus,  who  has  shown 
that  infection  is  connected  with  bathing  in  a  certain  river. 

It  occurs  in  any  race  and  at  any  age,  except  infancy,  but  is 
more  common  in  males  than  in  females,  due,  it  is  thought,  to  the 
men  washing  in  streams  and  working  in  the  fields  barefooted. 
According  to  Miss  Elgood's  investigations,  the  disease  is  common 
also  in  young  girls,  even  in  those  who  do  not  bathe  and  who  use 
filtered  water.  It  is  rare  in  Europeans,  being  much  more  common 
among  the  natives,  in  whom  it  is  especially  prevalent  among  the 
working  classes,  especially  the  field-labourers. 

Pathology. — ^The  worms  live  in  the  portal  vein,  but  proceed  to 
the  venules  of  the  bladder  to  lay  the  eggs.  The  irritation  of  these 
eggs  excites  a  round-celled  infiltration,  sometimes  of  a  very  extensive 
nature,  giving  rise  to  a  sort  of  bilharzial  granulation  tissue — that 
is,  a  tissue  composed  of  round  cells  and  eggs.  Madden  divides  the 
pathological  changes  into  two  classes — the  hypertrophic  and  the 
atrophic.  In  the  former,  which  is  more  common  in  mucous  mem- 
branes, there  is  proliferation  of  the  epithelium,  with  the  formation 
of  flattened  projections  or  papillomata,  while  vesicles  may  also  form, 
and,  according  to  Madden,  by  bursting,  give  rise  to  the  ulcers  which 
at  times  are  seen. 

The  ova  may  escape  from  the  mucosa, 'according  to  Looss,  without 
the  aid  of  ulceration,  by  working  their  way  between  the  epithelial 
cells  into  the  lumen  of  the  viscus.  Underneath  the  mucosae  the 
round-celled  infiltration  forms  the  typical  bilharzial  granulation 
tissue,  and  leads  to  much  thickening  of  the  wall  of  the  viscus,  and, 
proceeding  to  connective  -  tissue  formation,  may  cause  marked 
changes.  Lesions  may  also  be  found  from  the  pelvis  of  the  kidney 
to  the  meatus  urinarius,  but  are  most  common  in  the  bladder. 

Morbid  Anatomy. — ^The  earliest  changes  are  found  in  the  bladder 
in  the  formation  of  a  general  infiltration  and  thickening  of  the 
mucosa  with  bilharzial  tissue.  Over  this  thickened  mucosa  is  a 
layer  of  adherent  mucus,  which  is  apparently  protective.  In  this 
mucus  numerous  eggs  are  found.  Later  hyperaemic  patches  are 
found  associated  with  vesicles,  which  are  especially  marked  around 
the  trigone,  and  contain  a  whitish  fluid  in  which  are  eggs.  The 
hyperaemic  patches  increase  in  size  and  thickness,  and  the  whole 
bladder  becomes  much  thickened.  PapiUomata  of  all  shapes  and 
sizes  are  formed  principally  on  the  trigone  and  the  posterior  wall 
of  the  bladder.  These  papillomata  bleed  readily,  giving  rise  to  the 
haematuria. 

As  the  eggs  increase  in  amount,  connective  tissue  forms  round 
them,  and  they  die  and  become  calcified,  thus  giving  rise  to  brownish- 
yellow,  sandy  patches,  not  protected  by  mucus,  and  leading  to  an 
atrophy  of  the  mucosa  of  the  viscus. 
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The  urine  collects  in  the  hollows  between  the  papillomata,  and, 
decomposing,-  gives  rise  to  phosphates,  which  produce  a  whitish 
incrustation  on  the  bladder  wall.  The  orifices  of  the  ureters  may 
become  obstructed,  giving  rise  to  backward  pressure,  causing  hyper- 
trophy of  the  ureters  and  hydronephrosis.  Septic  infection  is  very 
liable  to  spread  from  the  bladder  up  the  dilated  ureters  to  the 
kidney.  Bilharzial  tissue  may  also  form  in  the  ureters  and  the 
pelvis  of  the  kidney,  and  take  the  form  of  infiltrations  and  papil- 
lomata. Calculi  may  also  form  in  the  bladder,  and  interstitial 
nephritis  in  the  kidney. 

As  the  bladder  becomes  infiltrated,  it  rises  in  the  abdomen,  and 
may  be  felt  above  the  pubes,  and  in  this  situation  infection  may 
spread  to  the  abdominal  wall.  In  this  case  the  typical  bilharzial 
tissue  forms  in  the  subcutaneous  tissue,  and,  working  its  way  to 
the  surface,  forms  a  sinus  lined  with  bilharzial  granulations  con- 
taining eggs  and  discharging  pus.  These  sinuses  may  spread,  and 
a  large  area  of  skin  become  involved. 

Bilharzial  tissue  may  also  form  in  the  prostate  and  urethra. 

Symptomatology. — ^The  incubation  is  not  known,  but,  according 
to  Sandwith,  it  varies  from  three  to  six  months.  At  first  no  symp- 
toms are  exhibited,  but  in  course  of  time  frequency  of  micturition, 
with  a  sensation  of  burning  in  the  perineum  or  along  the  urethra,  may 
be  noted,  while  there  is  some  straining  after  passing  urine.  In  due 
course  haematuria  appears,  beginning  with  a  few  drops  of  blood 
either  at  the  end  of  micturition  or  after  the  urine  has  been  passed. 
Usually  there  are  no  symptoms  with  this  haematuria,  but  there  may 
be  scalding.  The  urine  is  clear  and  acid,  but  some  mucus  may  be 
passed,  which,  if  centrifugalized  or  allowed,  to  settle,  shows  the 
typical  ova  and,  of  course,  red  cells,  leucocytes,  and  epithelial  cells. 
Usually  the  general  health  is  good,  but  pains  in  various  directions 
may  be  felt — e.g.,  in  the  back,  the  perineum,  the  gluteal  region,  or 
down  the  legs. 

Sooner  or  later  the  urine  begins  to  stagnate  in  the  hollows  in 
the  mucosa  formed  by  ulcers  and  by  papillomata.  When  this 
happens  the  urine  becomes  alkaline  and  turbid,  containing  pus  and 
phosphates,  as  well  as  decomposing  blood  and  ova.  With  this 
decomposition  of  the  urine  cystitis  appears,  and  the  sufferings  of  the 
patient  begin  in  earnest,  with  at  first  increased,  and  later  almost 
constant  micturition,  scalding  pains  in  the  perineum  and  the 
scrotum,  together  with  tenesmus,  which  increase  until  he  can  rest 
neither  day  nor  night.  In  order  to  add,  if  possible,  to  his  miseries, 
the  prostate  may  enlarge  or  a  stone  may  form  in  the  bladder,  which 
may  be  composed  of  uric  acid  or  oxalates  covered  with  phosphates, 
or  simply  of  phosphates.  If  the  bladder  is  examined  in  this  stage, 
it  will  be  found  to  be  thickened,  and  may  be  felt  above  the  pubes. 
Fistulse  may  form  in  the  abdominal  wall  above  the  pubes,  or  the 
urethra  may  be  attacked,  The  urethral  symptoms  begin  with 
localized  pain  and  the  formation  of  a  lump,  which  develops  an 
abscess,  and  later  urinary  fistulae. 
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The  patient  now  becomes  weak  and  anaemic,  and  begins  to  suffer 
from  pyonephrosis.  The  enlarged  kidneys,  and  at  times  even  the 
ureters,  may  be  felt  through  the  abdominal  wall.  In  course  of  time 
septicaemia  sets  in,  and  the  patient  dies.  On  the  other  hand,  cases 
which  have  left  the  endemic  area  may  slowly  recover,  the  ova  ceasing 
to  be  passed.    ' 

Complications. — Retention  of  urine  from  blocking  of  the  urethral 
opening  by  papUlomata  or  a  stone  may  occur.  Stone  in  the  bladder, 
as  has  already  been  mentioned,  is  an  important  factor  in  increasing 
the  sufferings  of  the  patient,  but  its  symptoms  may  be  masked  by 
those  of  the  disease.  Urinary  fistulse  has  already  been  referred  to, 
and  cancer  may  also  occur  as  a  complication  of  the  disease,  but  is 
said  to  be  rare.  Agchylostomiasis  and  pellagra  and  other  diseases 
may  also  complicate  a  case. 

Diagnosis. — ^The  only  certain  diagnosis  is  by  the  discovery  of  the 
ova,  but  hsematuria  in  the  endemic  area  must  always  be  regarded 
with  suspicion.  Centrifugalization  is  necessary  when  the  ova  are 
in  small  numbers. 

Prognosis. — ^The  prognosis  depends  largely  upon  the  possibilities 
of  infection,  and  is  therefore  better  if  removal  from  the  infected  area 
is  possible  ;  for,  according  to  Sandwith,  most  cases  cease  to  pass  eggs 
within  three  years  of  leaving  that  area. 

Treatment. — No  known  medicine  wiU  kill  the  parent  worms, 
though  various  treatments  such  as  injections  of  sulphuretted 
hydrogen  and  carbon  dioxide  gases  into  the  bladder,  have  bfeen 
suggested.  The  drug  most  strongly  recommended  is  the  liquid 
extract  of  male  fern,  in  5-minim  doses,  three  times  a  day,  con- 
tinued for  a  long  time.  It  is  said  to  reduce  the  hccraaturia  and 
lessen  the  discharge  of  eggs.  Madden  recommends  the  washing 
out  of  the  bladder  with  injections  of  silver  nitrate,  beginning 
with  I  in  10,000,  and  increasing  the  strength  gradually  ;  or 
quinine  in  a  4  per  cent,  solution  ;  or  adrenalin  in  normal  saline 
solution. 

In  addition,  boracic  acid,  in  5-grain  doses,  three  times  a  day,  or 
helminthol,  in  15-grain  doses,  three  times  a  day,  urotropine,  salol, 
benzoic  acid  may  be  given,  or  the  ordinary  buchu  and  hyoscyamus 
mixture  may  be  administered.  Large  quantities  of  water  or  Vichy 
water  should  be  drunk  to  wash  out  the  urinary  passages. 

If  a  calculus  is  present,  it  must  be  removed  by  lithotrity  or  by 
perineal,  not  suprapubic,  cystotomy.  Cock's  operation  of  cys- 
totomy and  drainage  of  the  bladder  gives  relief  in  the  later  stages, 
but  Madden  says  that  this  only  lasts  for  a  few  days,  and  then  usually 
diarrhoea  and  septic  infection  set  in,  and  the  patient  dies  in  about 
two  weeks. 

With  regard  to  fistulae,  they  ought  to  be  thoroughly  dissected 
out,  and  this  may  mean  a  very  prolonged  operation  if  it  is  to  do 
any  good. 

Prophylaxis.— As  the  method  of  infection  is  unknown,  it  can  only 
be  suggested  that  bathing  in  polluted  or  possibly  poUuted  water  is 
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most  dangerous,  and  drinking-water  must  be  carefully  boiled  and 
filtered.  The  urine  of  persons  suffering  from  the  disease  should 
be  mixed  with  some  disinfectant  before  being  disposed  of. 
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CHAPTER  L 
DISEASES  OF  THE  GENERATIVE  ORGAiNS 

General  remarks — Endemic  funiculitis — Sutika — References. 

GENERAL  REMARKS. 

Most  of  the  diseases  of  the  male  and  female  generative  organs  are 
cosmopolitan,  and  exhibit  but  little  difference  in  the  temperate  and 
tropical  regions.  Syphilis  and  gonorrhoea  are  very  common.  With 
regard  to  the  former,  some  authors  assert  that  it  was  originally  a' 
disease  of  the  East.  Neglected  strictures  are  by  no  means  un- 
common, and,  as  we  have  already  stated,  one  of  these  apparently 
caused  intestinal  obstruction  and  death.  Extravasation  of  urine 
is  not  rare — at  all  events,  in  Africa — as  the  result  of  neglected 
stricture.  Elephantiasis  of  the  generative  organs  is  common  in 
Africa  and  in  Ceylon.  Hydroceles,  chyloceles,  hsematoceles, 
orchitis,  and  epididymitis  are  all  common.  Displacements,  in- 
flammations, and  tumours  of  the  female  generative  organs  are 
quite  common,  especially  uterine  fibromata  and  ovarian  cysts. 
Bilharziosis  is  capable  of  attacking  both  male  and  female  generative 
organs,  as  has  already  been  noted. 

Malignant  disease  is  most  commonly  epithelioma  of  the  penis 
and  cancer  of  the  uterus.  With  regard  to  the  former,  we  are 
inclined  to  associate  it — at  all  events,  at  times — with  phimosis  and 
the  accumulation  of  irritating  secretions,  which  may  cause  a 
balanitis.  In  these  circumstances,  if  no  treatment  is  carried  out, 
epithelioma  results.  Certainly  epithelioma  of  the  penis  is  rare  in 
races  in  which  circumcision  is  performed. 

The  deaths  of  women  directly  associated  with  chUd-birth  are 
considerably  higher  in  the  tropics  than  in  the  temperate  zone. 
Thus,  those  of  Ceylon  are  three  times  as  many  as  those  of  England, 
and  more  than  half  of  them  are  entered  as  being  due  to  puerperal 
fever.  In  India,  Pearse  has  recently  drawn  attention  to  the  deaths 
caused  by  a  puerperal  diarrhoea  called  '  sutika,'  with  reference  to 
which  more  will  be  said  later. 

Foetal  monstrosities  and  abnormalities  appear  to  be  much  com- 
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moner  in  the  tropics  than  in  the  other  parts  of  the  world,  or  else 
we  have  been  singularly  fortunate  in  meeting  with  them.  This  is 
hardly  the  place  to  give  a  classification  of  these  abnormalities,  but 
we  should  advise  the  tropical  practitioner  to  have  some  elementary 
ideas,  at  all  events,  on  the  subject.  We  have  met  with  the  follow- 
ing :  Foetus  papyraceus,  cyclops,  agnathia ;  several  double  monsters 
of  both  general  types,  including  some  specimens  of  janus ;  acephalic 
monsters ;  and  rachischisis,  meningocele,  non-development  of  the 


eye,  coloboma  iridis,  hare-lip,  cleft-palate,  branchial  fistula,  non- 
development  of  the  thigh,  Macrodactylism  has  been  reported  from 
the  Philippines,  and  pes  gigas  from  China, 

With  regard  to  the  breast,  we  have  seen  extraordinary  hyper- 
trophy of  the  male  and  of  the  female  breast.  Cancer  of  the  breast 
is  relatively  much  rarer  in  the  tropics  than  in  the  temperate  regions, 
though  it  is  fairly  common.  The  parasite  Gnathostoma  stamese 
Levins,  mentioned  in  Chapter  XVI.,  belongs  to   the  connective 
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tissue,  though  it  happened  to  be  found  in  the  breast  of  a  young 
Siamese  woman. 

Certain  diseases,  however,  require  special  reference,  and  these 
are  endemic  funiculitis  and  sutika. 


Fig.  343. — Syncephalus  or  Janus. 
(This  form  of  monster  is  fairly  common  in  Ceylon.) 

ENDEMIC  FUNICULITIS. 

Synonyms. — Suppurative  Phlebitis  of  the  Spermatic  Cord,  Sup- 
purative Corditis,  Cellulitis  of  the  Spermatic  Cord. 

Definition. — Endemic  funiculitis  is  an  acute  specific  suppurative 
inflammation  of  the  spermatic  cord,  of  which  the  aetiology  is  not 
firmly  established. 

History. — -For  many  years  medical  men  practising  in  Ceylon  have 
noticed  the  occurrence  of  a  peculiar  form  of  acute  suppurative 
inflammation  of  the  spermatic  cord,  which  occasionally  takes  a 
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nert^F  R^f  character  numerous  cases  occurring  within  a  short 
the  m;diS  r"""!'  ^^  ^^^  ^^f"^^"'^  "^^y  be  found  in  almost  all 
fh^H?«ll    I  -^P"'*'-^"',*^^  ^°^°"y  d^™g  the  last  twenty  years, 

cord  or  corditis.      It  was  considered  by  some  to  be  of  traumatic 


Fig.    344. — Endemic    Funicu-     Fig.  345. — Transverse  Sections  of  the 

LITIS,  SHOWING  LONGITUDINAL  CoRD    IN    EnDEMIC   FuNICULITIS. 

Section  of  the  Cord.  t.,.     4.    j.  j       -j-j       • 

The  testes  and  epididymis  were  normal, 

The  testes  and  epididymis  are  but  the  tunica  vaginalis  held  a  small 

normal.  quantity  of  fluid.     The  sections  of  the 

cord  are  arranged  in  an  arch  from  right 

to  left.     The  dilated  veins,  which  were 

filled  with  pus,  are  clearly  visible. 

origin,  by  others  of  venereal  origin.  Some  practitioners  considered 
it  to  be  a  malarial  affection.  The  disease  was  investigated  by 
Castellani  first  in  1904,  and  more  completely  in  1907.  He  came  to 
the  conclusion  that  it  had  nothing  to  do  with  either  malaria  or 
gonorrhoea.     He  thought  the  malady  had  sufficiently  characteristic 
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symptoms  to  be  ranked  as  a  separate  disease,  and  suggested  the 
name  '  endemic  funiculitis.'  The  affection  is  not  limited  to  Ceylon, 
as  cases  occur  in  Southern  India,  and  an  identical  pathological 
condition  has  been  described  in  Egypt  by  Madden  in  1907  under 
the  name  of  cellulitis  of  the  spermatic  cord.  Of  great  importance 
are  the  recent  investigations  by  Coutts. 

etiology. — Among  Ceylon  practitioners,  the  disease  was  con- 
sidered by  some  to  be  of  traumatic  origin  ;  others  considered  it  to 
be  of  venereal  origin,  and  yet  others  to  be  a  malarial  affection. 
Castellani  has  found  in  aU  the  cases  diplo-streptococci,  and  in  two 
cases,  one  in  1904  and  the  other  1909,  a  microfilaria.*  The  cocci 
are  practically  indistinguishable  from  the  ordinary  streptococci  but 
for  the  fact  that  some  decolourize  by  Gram  in  sections  of  the  tissues, 
and  in  smears  from  the  pus,  while  they  are  Gram-positive  in  cultures. 
Further  researches  are  necessary  to  decide  whether  this  diplo-strepto- 
coccus  is  the  primary  cause  of  the  disease,  or  more  probably  a 
secondary  agent  playing  a  role  only  in  the  suppurative  stage  of  the 
malady.  According  to  Coutts,  these  micrococci  are  often  found  in 
the  urethra  of  natives.  He  regards  the  suppurative  condition  of 
the  cord  as  due  to  the  extension  of  an  infection  from  the  urethra 
by  way  of  the  vas  deferens. 

Pathology. — ^The  whole  of  the  spermatic  cord  is  highly  inflamed 
and  infiltrated.  The  circumference  of  the  cord  may  be  as  much  as 
3  to  3I  inches.  The  tunica  vaginalis  is  hypersemic,  but  in  most 
cases  there  is  no  collection  of  fluid.  On  making  a  transverse 
section  of  the  cord,  yellow  creamy  pus  will  exude  from  the  opened 
veins  of  the  pampiniform  plexus,  as  well  as  from  the  vas  deferens. 
The  inflammation  is  not  localized  to  the  cord  only ;  it  ordinarily 
extends  to  the  epididymis.  In  two  very  recent  cases  of  ours,  how- 
ever, the  epididymis  was  normal.  The  testicle  proper  remains 
always  unaffected ;  there  is  occasionally  some  effusion  of  clear  fluid 
into  the  tunica  vaginalis.  The  histological  lesions  are,  briefly,  the 
following :  The  veins  of  the  pampiniform  plexus  are  much  dilated, 
and  present  a  cellular  infiltration  of  all  the  coats,  the  lumen  of  some 
veins  being  occupied  by  pus  cells  or  thrombi.  The  vas  deferens 
also  presents  a  well-marked  cellular  infiltration  of  its  mucous  mem- 
brane and  various  muscular  coats.  The  type  of  cellular  infiltration 
as  noted  by  Coutts  and  Castellani  is  mostly  mononuclear. 

Symptomatology. — The  disease  begins  suddenly,  generally  after 
a  hard  day's  work  or  severe  exercise.  In  Ceylon  the  usual  history 
is  as  follows :  The  patient,  after  an  extra  hard  day's  work,  comes 
home  in  the  evening  very  tired,  but  not  feeling  unwell,  and  takes 
a  cold  bath  as  usual.  After  the  bath  he  is  suddenly  seized  with  a 
shivering  fit,  the  temperature  rising  very  high.  He  feels  very  sick, 
and  there  is  often  actual  vomiting.     At  the  same  time  he  complains 

*  This  microfilaria  is  apparently  somewhat  difEerent  from  Microfilaria 
bancfofH,  because  though  possessing  a  tight-fitting  sheath,  it  is  capable  of 
translation  movement.  It  has  also  been  found  in  a  third  native*  who  was  in 
good  health. 
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of  paih  along  the  cord  and  the  epididymis.     The  condition  becomes 
rapidly  worse,  and  the  patient  is  generally  taken  to  hospital  on  the 
second  or  third  day  of  the  iUness.     On  admission,  it  iS  usually 
found  that  the  general  condition  is  grave.     There  may  be  con- 
tinuous vomiting,  and  occasionally  hiccough ;  the  temperature  is 
generally  above  102°  F.,  and  the  pulse  smaS  and  frequent.     At  the 
physical  examination  it  will  be  seen  that  the  inguinal  region  is 
occupied  by  a  large  cylindrical  swelling  in  the  direction  of  the  cord. 
The  swelling  is  very  tender  on  pressure,  and  hard  ;  the  skin  is  not 
affected.     Generally    the    epididymis   is   somewhat   enlarged    and 
tender,  though  in  some  very  recent  cases  it  may  not  appear  to  be 
affected.     In  all  cases  the  testicle  proper  appears  to  be  normal ; 
there  is,  as  a  rule,  no  effusion  in  the  tunica  vaginalis.     The  affection 
is  generally  localized  to  one  side  only,  but  occasionally  attacks  both 
sides.     On  examination  of  the  penis  and  scrotum  no  ulcers  will  be 
found,  no  signs  of  gonorrhoea, 
and  no  signs  of  any  traumatic 
lesions,  though  in  several  cases 
the  patient  gives  a  history  of 
having  made  an  effort  of  some 
sort.      As  a  rule,  the  disease 
has   no    tendency  to  sponta- 
neous recovery.     If  an  opera- 
tion is  not  performed  in  time, 
signs    of    general  >  septicaemia 
usually  set  in.     In  such  cases 
the  skin  of  the  patient  often 
becomes  jaundiced,  cutaneous 
haemorrhages  may  appear,  the 
fever  is  of  an  intermittent  or 
remittent  type,  the  pulse  be- 
comes extremely  small,  there 
is    often    hiccough,    and   the 
patient  dies  in  a  few  days. 

Prognosis. — This  is  serious 
in  the  ordinary  acute  form.  If 
an  operation  is  not  performed 
in  time,  symptoms  of  general 
septicaemia  set  in,  and  the 
case,  as  a  rule,  ends  fatally.  .       ,   ^.  ■        u  + 

Varieties.— A  mild  form,  with  thrombosis  of  the  vems,  but 
without  suppuration,  is  at  times  met  with.  Accordmg  to  Loutts. 
a  chronic  form,  also  without  suppuration,  may  occur 

Diagnosis.— The  disease  is  apt  to  be  confused  with  strangulated 
hernia  and  an  acute  elephantoid  condition  of  the  testicle  and  cord 
From  the  former  endemic  funiculitis  may  be  differentiated  by  the 
history  the  high  fever,  and  the  course,  which  is  somewhat  less 
acute.  In  some  cases,  especially  in  the  fulminating  forms,  operative 
treatment  alone  will  clear  the  diagnosis. 


Fig. 


346. — Endemic  Funiculitis 
IN  A  Sinhalese  Man. 
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From  an  acute  elephantoid  condition  it  may  be  differentiated  by 
the  absence  of  the  erysipelatous-like  redness  of  the  skin. 

Treatment.— Except  the  rare  mild  forms,  when  lead  lotion  and 
icthyol  ointment,  with  or  without  ice  application,  may  be  sufficient, 
the  only  effective  treatment  is  surgical,  and  orchiotomy,  with 
section  of  the  inflamed  cord  as  high  up  as  possible,  is  imperative. 
Coutts  recommends  exposure  of  the  inflamed  cord  by  a  free  in- 
cision through  the  skin  and  external  oblique,  to  be  followed  by 
numerous  incisions  into  the  tumour.  The  wound  is  left  open,  and 
fomentations  applied  till  the  surface  is  clean.  The  wound  is  then 
left  to  heal  by  granulation.  Coutts  considers  that  in  this  way, 
though  the  testis  loses  its  generative  function  owing  to  the  oblitera- 
tion of  the  spermatic  duct  caused  by  the  inflammation,  its  interna] 
secretion  is  unimpaired. 

When  the  disease  has  extended  beyond  the  internal  abdominal 
ring,  orchiotomy  must  be  performed  and  the  veins  left  unligatured 
while  fomentations  are  applied. 

SUTIKA. 

Synonym. — The  Puerperal  Diarrhoea  of  Bengal. 

Under  the  above  term  Dr.  Pearse,  the  Medical  Officer  of  Calcutta, 
gives  an  account  of  a  chronic  diarrhoea  associated  with  fever  which 
causes  a  death-rate  of  i  -3  per  cent,  on  the  total  number  of  registered 
births  in  Hindu  and  Mohammedan  puerperal  women  of  all  ages  in 
that  city. 

The  disease  begins  with  diarrhoea  some  two  or  three  weeks  after 
delivery,  there  being  five  to  fifteen  watery,  frothy,  fermenting 
motions  per  diem  without  blood  or  mucus.  Along  with  the  diarrhoea 
there  may  be  loss  of  appetite  and  dyspeptic  symptoms,  rarely 
vomiting,  but  no  griping  pains  or  abdominal  tenderness.  The 
temperature  is  raised,  and  an  irregular  fever  lasts  throughout  the 
illness.  There  is  no  vaginal  discharge  ;  oedema  of  the  feet  is  noted 
as  a  late  symptom.  The  course  of  the  disease  varies.  Sometimes 
it  is  rapid,  and  kills  the  patient  in  a  few  months ;  more  usually  it 
lasts  five  to  eight  months,  and  less  usually  it  continues  for  more 
than  twelve  months.  Towards  the  end  the  patient  becomes  weak 
and  emaciated,  and  dies  of  exhaustion.  The  case-mortality  is  not 
known. 

The  nature  of  this  disease  is  obviously  obscure,  and  requires 
investigation. 
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CHAPTER  LI 

DISEASES    OF    THE    LYMPHATIC    SYSTEM 
AND    SEROUS    MEMBRANES 

General  remarks — Climatic  bubo — Volvulosis — References. 

GENERAL  REMARKS. 

The  lymphatic  system  is  affected  in  many  general  diseases — as,  for 
example,  in  plague  and  trypanosomiasis — and  in  cosmopolitan  affec- 
tions like  septic  disease,  syphilis,  tuberculosis,  etc.  In  addition, 
there  is  the  enlargement  of  the  glands  in  the  inguinal  region  called 
'  climatic  bubo,'  and  the  various  pathological  phenomena  caused 
by  Filaria  bancrofti.  These  morbid  changes  are  varices  of  lymph- 
channels,  inflammations,  and  elephantiasis,  and  have  already  been 
discussed  in  the  chapter  on  Filariasis.  The  pathological  changes 
caused  by  Filaria  volvulus  must  be  mentioned  here. 

With  regard  to  the  serous  membranes,  pleurisy  and  empyema  are 
common,  whUe  peritonitis  from  the  perforation  of  a  typhoid  ulcer, 
or  the  perforation  of  the  bowel  by  an  Ascaris,  as  has  been  recorded 
by  Ziemann  in  the  Cameroons,  or  from  the  extension  of  some  septic 
area — e.g.,  a  gonorrheal  salpingitis — are  all  met  with.  Chylous 
ascites  is  rare.  ■ 

CLIMATIC  BUBO, 

Definition. — Climatic  bubo  is  the  enlargement  of  the  inguinal 
glands  associated  with  pain  and  fever,  the  cause  of  which  is  unloiown. 

History. — ^The  history  of  this  disease  only  dates  back  to  1896, 
when  Ruge  reported  several  cases  suffering  from  inguinal  buboes, 
in  which  the  usual  causes  of  such  an  adenitis  were  all  absent,  and 
he  was  therefore-  inclined  to  consider  the  disease  a  separate  entity 
dependent  probably  on  climatic  influences.  About  the  same  time 
Coding,  independently  of  Ruge,  published  a  series  of  observations 
apparently  of  the  same  nature,  while  more  recently  cases  have  been 
reported  by  many  observers. 

Climatology.— The  chief  geographical  distribution  of  climatic 
bubo  is  the  East  Coast  of  Africa,  the  West  Indies,  the  Straits 
Settlements,  and  China,  but  it  may  be  met  with  in  any  tropical 
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and  subtropical  region.  Le  Dantec  quotes  cases  occurring  in 
Mauritius,  Tonkin,  and  Madagascar.  Low  and  Castellani  have 
described  a  case  in  Uganda,  while  Luzzati  has  met  with  several 
cases  in  Chili.  We  have  observed  cases  in  Ceylon,,  and  Skinner 
has  described  numerous  cases  in  Bengal.  Climatic  bubo  may  also 
occur  in  the  temperate  zone,  for  Scheube  has  come  across  several 
cases  in  Japan,  and  Gabbi  in  Scicily. 

etiology. — ^Though  various  micro-organisms  have  been  described, 
the  aetiology  of  the  disease  is  still  obscure.  Ferraro,  from  one  of  his 
cases,  isolated  an  organism  practically  identical  with  Bacillus  pestis. 
Hewlett  isolated  from  the  affected  gland  a  bacillus  not  decolourized 
by  Gram,  the  characters  of  which  were  somewhat  similar  to  those 
given  by  Kitasato  in  his  first  description  of  B.  pestis  ;  for  Kitasato 
stated  at  first  that  the  B.  pestis  was  not  decolourized  by  Gram. 
Low  and  Castellani  were  not  able  to  grow  any  Organism  from  their 
case.     Some  authors  have  isolated  the  ordinary  pyogenic  cocci. 

Martin,  Sugar,  Le  Sueur,  and  Fleurant  consider  climatic  bubo  to 
be  a  manifestation  of  malaria.  Schimm  believes  the  bubo  to  be 
secondary  to  some  intestinal  infection. 

According  to  Cantlie,  climatic  bubo  is  a  form  of  attenuated  plague 
— Pestis  minor — basing  this  opinion  on  the  fact  that  in  Hong-Kong 
he  observed  several  cases  of  so-called  climatic  bubo  to  precede  the 
outbreak  of  an  epidemic  of  true  plague.  He  has  been  confirmed 
in  his  opinion  by  Hewlett's  discovery  mentioned  above.  Cantlie's 
theory  is  supported  by  Luzzatti,  who  considers  the  climatic  bubo 
to  be  a  form  of  Parapestis. 

In  our  opinion,  climatic  bubo  is  a  disease  per  se,  and  is  not 
related  to  plague. 

Pathology. — The  results  of  our  histological  researches  agree  better 
with  those  obtained  by  Vanzetti  in  Italy  on  the  material  collected 
in  South  America  by  Luzzatti  than  with  those  of  other  authors. 

The  capsule  of  the  affected  gland  is  much  thickened,  and  the 
interstitial  tissue  is  very  abundant.  There  is  great  proliferation  of 
lymphocytes,  and  hemorrhagic  foci  are  noticeable  here  and  there. 
Very  characteristic  is  the  presence  of  numerous  typical  plasma  cells, 
while  the  so-called  retractile  Recklinghausen  ceUs  found  in  plague 
are  absent.  The  histological  structure  of  climatic  bubo  is,  therefore, 
totally  different  from  that  of  the  plague  bubo,  in  which,  as  was 
shown  by  the  classical  histological  investigation  of  Diirck,  plasma 
cells  are  absent  or  extremely  rare,  while  the  so-called  retractile 
ReckUnghausen  cells  are  numerous. 

Symptomatology. — After  perhaps  two  or  three  days  of  vague 
malaise  and  slight  fever,  the  patient  complains  of  pain,  which 
increases  on  walking,  in  one  or  both  of  the  inguinal  regions.  On 
examining  the  parts,  one  or  more  inguinal  glands,  or  occasionally 
the  crural  glands  on  both  sides,  or  more  frequently  one  side  only  will 
be  found  to  be  enlarged,  very  painful  on  pressure,  and  hard.  There 
will  be  no  signs  of  lymphangitis  present.  The  glands  may  become 
greatly  enlarged,  reaching  the  size  of  a  hen's  egg  or  larger,  but 
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in  most  cases  do  not  suppurate.  Aspiration  by  means  of  a  syringe 
will  draw  only  a  little  gland-juice,  occasionally  blood-stained,  but 
no  pus.     The  liquid  will  be  found  to  be  sterile. 

Fever  is  often  present  of  an  irregularly  remittent  or  inter- 
rnittent  type.  It  rarely  exceeds  102°  F.  ;  and  is  higher  at  night 
than  m  the  morning.  The  duration  of  the  disease  is  variable  from 
a  few  days  to  several  weeks,  and  rarely  months.  In  time  the  pain 
in  the  affected  region  gradually  disappears,  the  size  of  the  enlarged 
glands  decreasing.  As  a  rule,  the  affected  glands  remain  larger 
than  normal,  but  not  painful,  long  after  the  illness  is  over.  Occa- 
sionally a  relapse  occurs.  The  general  health  is  not  much  affected, 
though  the  patient  may  be  very  weak  and  unfit  for  work.  The 
spleen  is  not  gnlarged.  The  examination  of  the  blood  may  reveal 
a  slight  leucocytosis  ;  the  urine  is  normal.  Occasionally  a  trace 
of  albumin  may  be  present.  Intestinal  symptoms  are  generally 
absent. 

Clinical  Varieties. — In  our  experience  an  acute,  a  subacute,  and 
a  chronic  type  of  climatic  bubo  may  be  distinguished.  The  acute 
type  is  always  accompanied  by  fever  and  severe  pains  in  the 
affected  glands.  All  the  symptoms  disappear  within  five  to  ten 
days.  In  the  subacute  and  chronic  type  lasting  from  a  few  weeks 
to  several  months  the  onset  may  be  insidious,  and  fever  may  be 
absent  altogether.  Moreover,  in  some  cases  the  periglandular 
tissues  become  inflamed,  suppuration  may  take  place,  and  fistulous 
tracks  may  develop. 

Diagnosis. — The  absence  of  soft  chancre  on  the  genital  organs 
will  exclude  venereal  bubo ;  the  absence  of  lymphangitis,  infected 
wounds,  insect-bites  on  the  legs  and  feet  will  exclude  the  ordinary 
symptomatic  bubo.  In  contrast  to  plague,  the  patient  does  not  look 
very  ill,  but  the  only  satisfactory  way  to  differentiate  acute  climatic 
bubo  from  a  mild  case  of  plague  is  the  puncture  of  the  affected  glands 
and  the  bacteriological  examination  of  the  gland-juice.  To  do  this  the 
skin  of  the  inguinal  regions  is  thoroughly  cleansed  with  spirit  and 
ether,  then  disinfected  with  a  perchloride  (i  in  1,000)  or  carbolic 
lotion  (5  per  cent.),  then  washed  again  with  ether  or  spirit.  One 
of  the  enlarged  glands  is  then  aspirated  with  a  sterilized  syringe. 
The  gland-juice  which  is  drawn  off  is  then  examined  microscopically 
and  by  culture  method  in  the  ordinary  way  for  the  presence  of  the 
plague  bacillus. 

Climatic  bubo  is  generally  easily  distinguishable  from  attacks  of 
filarial  lymphadenitis,  which  is  generally  accompanied  by  very  high 
fever  and  severe  lymphangitis,  and  an  erysipelatous-like  condition 
of  the  leg.  During  and  after  various  intestinal  infections — as,  for 
instance,  typhoid  and  paratyphoid — occasionally  a  stippurative 
inflammation  of  some  lymphatic  glands — sometimes  the  inguinal 
glands — occurs.  In  such  cases  the  history  of  the  case — ^the  fact  that 
the  bubo  comes,  as  a  rule,  to  suppuration — and  the  bacteriological 
examination  of  the  gland-juice,  which  in  true  climatic  bubo  is 
sterile,  will  clear  the  diagnosis. 
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Prognosis. — The  prognosis  is  favourable,  though  a  relapse  may 
occasionally  occur  shortly  after  the  first  attack  is  over,  some- 
times on  the  side  previously  affected,  sometimes  on  the  other  side. 

Treatment. — The  treatment  is  merely  symptomatic,  consisting  of 
complete  rest,  application  of  lead  lotion  on  the  affected  region,  or 
an  ichthyol  and  belladonna  ointment,  together  with  the  administra- 
tion of  a  mild  aperient,  and,  if  there  is  much  pain,  a  hot  fomenta- 
tion locally,  together  with  small  doses  of  opium  by  the  mouth.  In 
the  rare  cases,  where  signs  of  suppuration  are  noticeable,  incision 
of  the  glands  is  necessary,  using  the  ordinary  aseptic  precautions. 
In  protracted  cases  complete  surgical  removal  is  the  best  treatment. 
When  the  glands  i-emain  enlarged  after  the  acute  stage  has  passed 
off,  local  applications  of  tincture  of  iodine,  iodina  valsol,  or  an 
ointment  composed  of  30  grains  each  of  lead  iodide  and  potassium 
iodide  to  i  ounce  of  vaseline,  may  be  of  benefit. 

VOLVULOSIS. 

Definition. — Volvulosis  is  a  disease  caused  by  Filaria  volvulus 
Leuckart  1893,  and  characterized  by  the  formation  of  fibrous, 
cutaneous,  or  subcutaneous  tumours. 

History. — As  already  mentioned  in  the  chapter  on  Nemathel- 
minthes,  these  tumours  were  discovered  by  a  German  medical  mis- 
sionary to  contain  worms,  which  were  described  by  Leuckart  in 
1893,  and  subsequently  the  disease  and  its  causative  worm  were 
studied  by  Labadie-Lagrave  and  Deguy  in  1899,  Prout  in  1901, 
Brumpt  in  1904,  Ziemann  and  Vedy  in  1907,  and  FiiUeborn  in  1908, 
the  last  paper  being  a  most  valuable  contribution  to  our  knowledge 
of  the  subject. 

Climatology. — The  disease  is  found  in  Africa,  at  Sierra  Leone, 
on  the  Gold  Coast,  and  in  Dahomey,  Cameroons,  and  the  north- 
east of  the  Congo,  where  it  is  variously  stated  to  affect  from  i  per 
cent,  to  10  per  cent,  of  the  population,  being  distributed  along  the 
banks  of  rivers. 

.ffitiology. — ^The  disease  is  caused  by  Filaria  volvulus  Leuckart 
1893,  but  the  method  by  which  this  worm  is  introduced  into  the 
human  body  is  quite  unknown,  as  is  also  its  life-cycle  outside 
human  beings.  Brumpt  has,  however,  suggested  that  it  will 
probably  be  found  in  a  tsetse-fly. 

Pathology. — ^The  adult  worms  lie  in  lymphatics,  the  anterior  end 
of  the  female  being  in  close  approximation  to  the  posterior  end  of 
the  male,  because  the  apertures  of  the  genital  apparatus  lie  in  these 
positions.  By  some  means — possibly  by  the  presence  of  the  Micro- 
filaria, or  possibly  by  toxic  waste-products^ — these  worms  irritate 
the  lymphatics,  causing  lymphangitis  and  perilymphangitis.  These 
inflammatory  processes  eventually  lead  to  the  formation  of  a 
fibrous  capsule  around  the  worms,  which  then  lie  in  a  portion  of  a 
vessel  cut  off  (?)  from  the  rest  of  the  Ijnnphatic  system,  and  which 
forms  a  fibrous  subcutaneous  nodule  containing  male  and  female 
worms  and  Microfilarije. 
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On  opening  one  of  these  tumours,  it  is  seen  to  consist  of  a  capsule 
of  fibrous  connective  tissue,  beneath  which  is  some  soft  caseous 
material  composed  of  endothelial  cells,  granular  debris,  and  Micro- 
filariae, and  encloses  a  central  space  containing  a  greenish,  semi- 
purulent  fluid.  The  worms,  which  are  usually  cut  across  in  several 
places  when  opening  the  tumour,  lie  partly  in  this  central  cavity 
and  partly  in  narrow  twisted  tunnels,  which  ramify  through  the 
walls  of  the  fibrous  capsule,  giving  it  a  network-like  appearance. 
Sometimes  the  central  cavity  is  not  obvious,  and  only  the  network 
of  tunnels  is  seen  ramifying  through  the  connective  tissue. 

Symptomatology. — ^The  disease,  as  a  rule,  begins  insidiously  with 
malaise,  weakness,  vague  pains  in  various  regions  of  the  body,  and 
irregular  fever,  but  it  is  said  that  at  times  attaclis  of  lymphangitis 
may  be  noticed.  In  due  course  a  tumour  is  discovered  in  the  sub- 
occipital region,  the  elbow,  axilla,  side  of  the  chest,  iliac  region, 
gluteal  region,  or  popliteal  space.  These  tumours  vary  in  size  from 
a  pea  to  that  of  an  egg,  and  lie  in  the  skin  or  subcutaneous  tissue, 
in  which  they  are  freely  movable.  They  may  be  elastic  if  they 
contain  fluid,  or  firm  if  composed  mainly  of  fibrous  tissue.  They 
usually  remain  quiescent  for  years,  and  but  seldom  ulcerate. 

Diagnosis. — ^The  presence  of  an  elastic  tumour  somewhat  re- 
sembling a  lipoma,  or  of  a  firm  fibrous  tumour  in  any  part  of  the 
body  of  a  person  who  has  resided  in  the  endemic  region,  should 
arouse  suspicions  as  to  the  presence  of  Filaria  volvulus. 

Prognosis. — ^These  little  tumours  are  not  in  any  way  dangerous 
to  the  life  or  health  of  the  patient. 

Treatment. — Removal  by  incision  and  enucleation  is  quite  easy, 
and  devoid  of  danger. 

Prophylaxis.— As  the  life-cycle  of  the  parasite  is  unknown, 
nothing  can  be  said  as  to  prophylaxis. 
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GENERAL  REMARKS. 

The  diseases  of  the  connective  tissues  which  concern  us  are  mostly 
parasitic,  being  caused  by  the  cysticerci  of  tapeworms,  but 
round  worms  are  also  commonly  met  with,  especially  the  Guinea- 
worm. 

With  regard  to  muscles,  the  only  disease  which  need  be  men- 
tioned is  trichiniasis,  which  is  said  to  be  far  from  rare  in  Northern 
India.  Necrosis,  caries,  and  tumours  of  bone  are  not  uncommon,  but 
rheumatoid  arthritis  is  rare,  and  tubercular  disease,  at  present, 
is  very  rare.  Gonorrhoea  and  post-dysenteric  arthritis  are  met 
with,  and  filarial  synovitis  of  the  knee-joint  has  been  described  by 
Maitland.  Gout  is  rare,  but  we  have  seen  a  typical  case  in  a  native 
who  had  never  left  Ceylon. 

SOMATIC  TENIASIS. 

By  somatic  tseniasis  is  meant  the  invasion  of  the  body  by  the 
cysticercus  of  cestode  worms.  The  subject  is,  therefore,  divisible 
into — {a)  cysticercosis,  or  infection  with  the  larvae  of  Tcenia  solium, 
which  occurs  now  and  again  in  the  connective  tissue  of  muscles, 
fascia,  and  in  the  brain  ;  (6)  echinococcosis,  which  is  the  infection 
of  the  body  with  the  hydatids  of  Echinococcus  granulosus,  and  of 
which  we  have  only  met  with  one  example  in  the  tropics,  and  even 
then  it  was  imported  ;  but,  judging  by  Begbie's  recent  observation^, 
it  would  appear  as  though  the  disease  was  endemic  in  Ceylon ; 
(c)  sparganosis,  which  is  the  invasion  of  the  body  by  Sparganum 
mansoni,  S.  baxteri,  or  S.  proliferum,  all  of  which  have  been  suffi- 
ciently described  in  Chapter  XV. 
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DRACONTIASIS. 

Synonym. — Dracunculosis. 

Definition.— Dracontiasis  is  the  infection  of  man  with  Filaria 
medinensis  Linnaeus  1758,  the  Guinea-worm. 

History.— The  history  of  the  infection,  together  with  the  descrip- 
tion of  the  worm  and  its  life-history,  have  already  been  given  in 
Chapter  XVI.  (p.  417),  to  which  reference  should  be  made.  Scheube 
states  that  Cholodkowski  has  described  an  unclassified  Filaria, 
several  inches  in  length,  which  causes  ulceration  of  the  fingers,  and 
even  gangrene,  in  Tiver,  in  Russia,  which  may  or  may  not  be  the 
same  worm. 

Climatology. — Dracunculosis  is  a  disease  of  the  tropics,  especially 
of  tropical  Africa,  and  particularly  of  the  West  Coast.  It  is  also 
known  in  Asia  Minor,  Persia,  and  India.  Although  coolies  infected 
with  the  worm  frequently  pass  from  India  to  Ceylon,  we  have  no 
evidence  that  the  latter  island  has  so  far  become  infected.  It  is 
also  known  in  the  Fiji  Islands.  It  was  introduced  into  America 
by  the  negro  slaves,  and  has  become  endemic  in  British  Guiana 
and  Brazil. 

Symptomatology. — ^The  worm  as  a  rule  produces  no  symptoms 
until  a  little  vesicle  appears  on  the  skin,  or  the  outline  of  the  worm 
is  noticed  under  the  skin,  but  urticarial  eruptions  have  been  ob- 
served by  several  authors  and  ourselves.  The  little  vesicle  bursts, 
leaving  a  round  hollow,  out  of  which  exudes  a  clear  fluid  full  of 
larvae,  and  at  the  bottom  of  which  lies  the  vaginal  orifice  of  the 
worm.  After  discharging  a  certain  amount  of  fluid,  the  anterior 
end  of  the  worm  extrudes  through  the  skin  opening,  and  is  either 
twisted  on  a  stick  or  fixed  in  position  by  a  piece  of  string  by  the 
native  patient.  It  is-  not  advisable  to  pull  vigorously  on  the  pro- 
truded piece  of  worm,  as  it  is  liable  to  break,  and  if  this  happens 
a  serious  inflammation  of  the  affected  area  may  result.  The  wound 
usually  quickly  heals  after  the  worm  has  finally  been  extracted. 
The  usual  site  for  it  to  appear  is  about  the  feet  or  legs,  more  rarely 
the  hands  or  arms,  and  still  more  rarely  the  head  or  trunk. 

But  all  cases  are  not  so  simple,  and  aching  or  dragging  sensations, 
sometimes  accompanied  by  rigors  and  fever,  may  occur.  Rarely 
it  enters  a  knee-joint  and  causes  synovitis  or  arthritis.  Usually 
there  is  only  one  worm,  but  there  may  be  more. 

Dudgeon  and  Child  have  investigated  the  blood  in  this  disease, 
and  find  a  marked  eosinophilia.  The  average  differential  count  was 
as  follows :  Polymorphonuclears,  63-6  per  cent.  ;  lymphocytes, 
18-4  per  cent.  ;  large  lymphocytes,  2-8  per  cent.  ;  mononuclears, 
I  "6  per  cent.  ;  eosinophiles,  13  per  cent. 

Diagnosis  and  Prognosis.— There  is  no  difficulty  in  the  diagnosis, 
and  the  prognosis  is  good. 

Treatment.— It  is  a  good  plan  to  massage  the  area  above  the 
vesicle,  and  try  with  a  little  patience  to  get  the  worm  out  whole. 
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or,  if  it  is  visible  under  the  skin,  to  make  an  incision  and  remove 
it.  Natives  extract  the  worm  by  twisting  the  protruding  portion  on 
a  stick,  every  day  giving  a  turn  or  two.  A  better  plan  is  to  douche 
frequently  with  water  the  part  occupied  by  the  worm  until  she  gets 
emptied  of  all  the  embryos,  which  generally  takes  place  in  from 
two  to  three  weeks.  When  all  the  embryos  have  been  exuded,  the 
worm  is  either  absorbed  or  tends  to  emerge,  and  no  longer  resisting 
extraction,  can  be  easily  removed.  It  has  been  advised  (Emily) 
to  inject  a  i  per  i,ooo  solution  of  perchloride  of  mercury  into  the 
swelling  caused  by  the  worm.  But  this  is  very  painful,  and  does 
not  appear  to  be  very  successful.  Some  authors  have  advised  the 
injection  of  lo  to  15  minims  of  a  2  per  cent,  solution  of  coCaine  into 
the  protruding  portion  of  the  worm. 

Prophylaxis. — ^The  prophylaxis  is  very  simple — viz.,  the  drinking 
of  only  boiled  and  filtered  water. 

FILARIA  LOA. 

Filaria  loa  has  frequently  been  noticed  in  the  ocular  and  palpe- 
bral conjunctivse,  crossing  the  bridge  of  the  nose,  in  the  skin  over 
the  sterno-mastoid  muscle,  or  that  of  the  scalp,  the  fingers,  the 
penis,  etc.,  and  much  more  rarely  in  the  anterior  chamber  of  the 
eye,  though  accounts  of  its  presence  in  the  vitreous  humour  require 
confirmation.  The  geographical  distribution  of  the  worm  has  already 
been  given  (p.  422).  In  our  experience  it  usually  causes  but  little 
disturbance,  but  at  times,  when  in  the  conjunctiva,  it  is  associated 
with  piercing  and  lancinating  pains,  uncertain  vision,  and  swelling 
of  the  eyelids.  It  can  be  removed  by  an  incision  and  careful 
traction. 

CALABAR  SWELLINGS. 

Synonyms. — Kamerungeschwiilste,  Tropical  Swellings. 

Definition. — Calabar  swellings  are  smooth,  temporary,  slightly 
raised  tumours  on  the  head,  arms,  hands,  ankles,  and  feet,  probably 
caused  by  the  presence  of  Filaria  loa  in  the  subcutaneous  tissue. 

History.— For  many  years  it  has  been  known  that  peculiar 
swellings  occurred  in  the  people  living  in  Old  Calabar,  and  in  due 
course  accounts  appeared  in  works  of  travels  in  West  Africa,  but 
it  was  not  till  1895  that  Argyll  Robertson  described  them  as  a 
distinct  disease,  using  their  popular  nomenclature.  In  subse- 
quent years  he  published  several  accounts  of  his  cases.  In  1898 
Plehn  drew  attention  to  the  complaint,  and  in  1899  Thompstone 
published  an  account  of  a  case,  while  Habershon  and  Kerr  in  1904, 
Wurtz  and  Clere  and  Stephens  in  1905,  and  Ward  in  1906,  have  all 
added  to  the  literature  of  the  subject. 

The  paper  by  Ward  is,  however,  of  especial  interest,  as  it  deals 
fully  with  the  history  of  the  disease. 

Climatology.— The  disease  is  only  known  on  the  West  Coast  of 
Africa,  particularly  in  the  regions  of  Southern  Nigeria  and  the 
Cameroons. 
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etiology  and  Pathology.— There  is  a  consensus  of  opinion  that  in 
some  way  these  swellings  are  caused  by  Filaria  loa,  but  this  has 
never  been  definitely  proved. 

The  way  in  which  the  worm  induces  these  peculiar  lumps  is  a 
matter  of  conjecture,  Argyll  Robertson  assigning  them  merely  to 
the  movements  of  the  parasite.  But  this  cannot  be  so,  otherwise 
the  swellings  would  occur  as  they  cross  the  bridge  of  the  nose, 
which  they  can  do  without  any  such  disturbance. 

The  next  theory  is  that  the  parasite  irritates  the  skin,  causing 
the  patient  to  rub  the  affected  area,  which  in  this  way  becomes 
mechanically  inflamed.  This  theory  was  originally  propounded 
by  Manson,  who  has  relinquished  it  in  favour  of  another  and  better 
explanation. 

Two  other  theories  suggest  that  the  parasite,  by  irritating  the 
nerve  endings,  either  directly  or  by  reflex  action,  causes  the  swell- 
ing ;  but  this  does  not  appear  likely,  as  they  ought  to  occur  wherever 
the  worm  travels.  Manson  in  1903  suggested  that  they  might 
be  brought  about  by  the  expulsion  of  the  Microfilariae  from  the 
uterus  of  the  parent  worm,  and  this  appears  not  unlikely,  and  would 
explain  their  evanescent  character. 

Ward  is  not  satisfied  with  Manson's  theory,  and  suggests  that 
they  may  be  due  to  the  expulsion  of  waste  products  from  the  worm. , 

Age,  sex,  and  employment  have  no  influence  in  the  causation  of 
the  complaint. 

Symptomatology. — Sometimes  without  prodromal  symptoms,  or 
at  times  after  some  nausea  and  headache,  swellings  appear  on  the 
head,  face,  arms,  wrists,  hands,  fingers,  ankles,  or  toes,  less  commonly 
on  other  parts  of  the  body.  The  reason  of  this  distribution,  accord- 
ing to  some  authors,  is  believed  to  be  the  small  amount  of  connective 
tissue  in  those  regions.  The  swellings  are  smooth,  firm,  slightly- 
elevated  areas,  generally  about  the  size  of  half  a  goose's  egg  (5  to 
8  centimetres) ,  often  painless,  though  this  is  not  invariable.  There 
is  either  absence  of  or  only  very  slight  pruritus.  They  are  hot, 
and  do  not  pit  much  on  pressure.  They  appear  quickly,  last  for 
two  or  three  days,  and  disappear  gradually  or  rapidly,  and  are 
always  associated,  with  an  intense  eosinophilia.  In  many  cases 
only  one  swelling  appears  at  a  time. 

Stephens  gives  the  differential  count  of  his  case  as — pol5nTiorpho- 
nuclears,  26  per  cent.  ;  lymphocytes,  23  per  cent.  ;  mononuclears, 
I  per  cent.  ;  eosinophiles,  50  per  cent. 

Diagnosis. — ^There  is  no  difficulty  in  recognizing  these  fugitive 
swellings  in  persons  who  have  resided  in  the  endemic  region. 

Prognosis. — They  have  never  been  known  to  cause  serious  symp- 
toms, but  may  recur  for  many  years  after  the  patient  has  left  the 
tropics. 

Treatment.— This  is  unsatisfactory,  but  cool  applications  may  be 
made  tp  the  swellings  and  an  ichthyol  ointment  or  lotion  applied. 

Prophylaxis.— As  the  life  cycle  of  Filaria  loa  is  unknown,  it  is 
not  possible  to  lay  down  rules  for  the  prophylaxis. 
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GOUNDOU. 

Synonyms. — Anakhre  =  big-nose  ;  Henpuye  =  dog-nose. 
Definition. — Goundou  is  a  disease  of  unknown  causation,  charac- 
terized by  a  bony  swelling,  usually  bilaterally  symmetrical,  situated 
on  either  side  of  the  nose. 

History. — ^The  disease  was  first  described  by  Macalister  in  1882, 
under  the  term  of  '  the  horned  men  of  Africa.'  Lamprey  in  1887 
also  referred  to  the  disease  under  a  similar  term,  and  Strachan  drew 
attention  to  it  in  a  West  Indian  chUd  in  1894.  Maclaud  in  1895 
described  the  disease  which  he  saw  on  the  Niger  under  the  terms 
'  goundou  '  or  '  anakhre. '  In  1900  Chalmers  gave  an  account  of  the 
disease  as  seen  on  the  Gold  Coast,  and  Renner  as  seen  in  Sierra 
Leone.  Later  Braddon  recorded  a  case  in 
Malaya,  and  others  found  the  disease  in 
Sumatra  and  in  China.  Friedrichsen  gave 
an  excellent  description  of  it  as  seen  in 
East  Africa,  and  Nell  gave  an  account  of 
his  cases  on  the  Gold  Coast,  while  Cantlie 
records  a  case  in  a  European.  Lastly, 
Rogers  and  Bouffard  have  recorded  a  case 
in  a  monkey — Papio  sphinx. 

Climatology. — ^The  disease  is  most  com- 
monly met  with  in  West  Africa,  but  has 
been  reported  from  East  Africa,  Malaya, 
Sumatra,  South  China,  and  the  West  Indies. 
It  usually  affects  native  races,  but  has 
been  reported  in  one  European.  Usually 
it  begins  in  the  first  two  decades  of  life. 

.ffitiology. — ^This  is  unknown,  though  the 
association  with  yaws  gave  rise  to  the  sus- 
picion that  this  was  the  aetiological  factor. 
Cantlie's  European,  however,  had  not  suf- 
fered from  yaws,  and  monkeys  do  not  suffer 
spontaneously  from  yaws. 
Occasionally  in  yaws  patients  a  bilateral  or  unilateral  swelling 
of  the  nose  is  present  (pseudo-goundou  of  Brumpt),  but  it  quickly 
disappears  along  with  the  other  s3nnptoms  of  yaws  under  treatment 
with  potassium  iodide,  which  has  no  effect  on  true  goundou. 

Other  theories  have  been  that  it  was  a  racial  trait,  or  that  it  was 
due  to  a  larva  of  a  fly,  but  these  are  certainly  not  correct.  As  far 
as  we  know,  it  is  never  congenital.  Braddon  thinks  that  it  is  a 
disease  sui  generis,  and  may  be  right. 

Pathology.— Whatever  the  cause  may  be,  there  seems  no  reason- 
able doubt  that  the  infection  begins  in  the  nose  ;  for  although  we 
were  unable  to  find  any  abnormality  in  the  nose  of  the  cases  we  have 
seen,  still,  there  was  always  a  history  of  some  obstruction,  pain  in  the 
nose,  and  often  of  a  bloody  discharge.     Moreover,  Friedrichsen 


Fig.  347. — Goundou  in 
A  Native  of  the  Gold 
Coast. 
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describes  a  swollen  condition  of  nasal  mucosa  with  almost  polypoid 
excrescences.  If  this  is  correct,  it  is  quite  easy  to  understand  that 
the  vessels  passmg  from  the  nose  through  the  sutura  notha,  in  the 
nasal  process  of  the  superior  maxilla,  can  carry  that  infection  to 
the  periosteum,  which,  being  irritated,  proceeds  to  an  excessive 
formation  of  bone  in  the  area  of  that  suture,  a  condition  of  affairs 
lor  which  there  is  no  very  suitable  pathological  term,  but  which 
may  be  called  a  form  of  osteoplastic  periostitis.  This  results  in  the 
formation  of  a  bony  swelling,  composed  on  the  outside  of  a  thin 
shell  of  compact  bone,  underneath  which  is  spongy,  bony  substance 
continuous  with  that  of  the  bone  from  which  it  is  arising.  The 
sutura  notha  is,  of  course,  found  in  all  human  skulls,  and  is  not 
peculiar  to  the  negro  race. 

The  bony  growths  are  attached  to  the  nasal  bone,  the  nasal 
process  of  the  superior  maxilla,  and  at  times  to  the  maxilla  itself. 
The  periosteum  strips  off  readily,  but  usually  shows  no  signs  of 
recent  inflammation. 

Symptomatology. — Generally  the  disease  begins  with  pain  in 
the  nose,  or  headache,  which  may  be  severe,  and  a  bloody  nasal 
discharge,  which  may  continue  for  some  six  to  eight  months.  When 
this  is  disappearing,  it  is  noticed  that  there  is  a  swelling,  usually 
symmetrically  placed  on  either  side  of  the  nose,  in  the  region  of 
the  nasal  bone  and  nasal  process  of  the  superior  maxilla.  Slowly 
and  steadily  these  lumps  increase  in  size,  interfering  with  vision 
(it  is  said  at  times  destroying  the  eyes),  and  giving  rise  to  a  hideous 
deformity  rather  like  a  Cynocephalus  monkey,  and  hence  called 
'dog-nose.'  When  fairly  well  developed,  an  oval,  bony  swelling, 
with  its  long  axis  directed  downwards  and  outwards,  is  seen  sym- 
metrically placed  on  each  side  of  the  nose ;  the  skin  over  the  tumour 
is  never  affected,  being  freely  movable ;  and  usually,  when  ex- 
amined, the  nasal  mucosa  is  found  to  be  normal,  and  the  nasal  ducts 
are  patent,  but  there  may  be  swelling  and  even  polypoid-like  excres- 
cences. Occasionally  a  similar  growth  may  invade  the  nose, 
partially  blocking  the  nasal  cavity.  The  growth,  however,  may 
stop  at  any  stage  of  its  development  and  proceed  no  farther. 
Some  authors  describe  a  curvature  of  the  tibiae  as  being 
associated  with  the  disease. 

Varieties.  —  Instead  of  being  bilaterally  symmetrical,  the  bony 
lump  may  develop  only  on  one  side  of  the  nose.  Orpen  has 
described,  in  addition  to  the  two  usual  tumours,  a  third  in  the 
malar  region. 

Treatment. — Medical  treatment  is  useless,  and  removal  is  not 
merely  easy,  but  most  effective,  as  the  disease  is  known  not  to 
have  returned  after  some  six  or  seven  years  after  the  operation. 

Prophylaxis. — As  the  causation  is  doubtful,  nothing  can  be  said 
under  this  heading. 
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ENDEMIC  ENLARGEMENT  OF  THE  OS  CALCIS. 

Definition. — Endemic  enlargement  of  the  os  calcis  is  a  disease  of 
unknown  causation,  characterized  by  fever,  pain,  and  tenderness 
over,  and  subsequently  enlargement  of,  the  os  calcis. 

History  and  Climatology. — ^This  disease  was  first  described  by 
MacLean  in  1904  in  Fantis  and  Krooboys  in  the  Gold  Coast  Colony, 
and  subsequently  in  1905  by  Maxwell  in  natives  of  Formosa. 

yEtiology. — The  setiology  and  pathology  are  obscure,  but  in 
some  way  it  is  connected  with  the  wet  season,  as  attacks  and 
recurrences  take  place  then. 

Symptomatology. — ^The  disease  begins  suddenly  with  fever, 
great  tenderness  over  the  os  calcis,  with  local  pain  so  severe  as  to 
prevent  sleeping  and  walking.  In  three  to  seven  days  the  outer 
surface  of  the  bone  begins  to  increase  in  size,  and  continues  to  do 
so  for  some  two  weeks,  during  which  time  the  pain  lessens  and  the 
temperature  falls  to  normal. 

In  about  a  month  the  swelling  reaches  its  maximum  size,  at 
which  it  may  remain  for  about  one  to  two  months,  during  which 
time  the  pain  is  moderate  and  walking  is  possible.  After  this  the 
bone  diminishes  to  about  half  the  maximum  size,  but  sometimes 
considerable  enlargement  persists.  Usually  the  disease  is  bilaterally 
S3mimetrical,  but  it  may  occur  on  one  side  only.  It  affects  the 
outer  surface  as  a  rule,  but  may  also  attack  the  posterior  third  of  the 
bone. 

Rarely  it  attacks  other  tarsal  bones,  but  has  never  been  reported 
as  affecting  a  joint.  Yearly  recurrences  during  the  wet  season  are 
common. 

Treatment. — Medical  treatment  is  useless,  but  relief  is  given  by 
cutting  down  on  to  the  affected  area  and  trephining  a  hole  into  the 
bone. 

Prophylaxis. — Concerning  this  nothing  is  known. 

'  MYCETOMA.' 

Synonyms. — Madura-Foot,  the  Fungus  Disease  of  India,  Godfrey 
and  Eyre's  Tubercular  Disease,  Endemic  Degeneration  of  the 
Bones  of  the  Foot,  Morbus  Tuberculosis  Pedis,  Morbus  Pedis 
Entophyticus,  Podelkoma,  La  Maladie  de  Ballingall,  Slipada, 
Hatty-ka-Pung,  Keerenagrah  (signifying  a  dwelling  of  worms), 
Kirudeo  (signifying  a  dwelling  of  worms) ,  Ghootloo  Mahdee  (signify- 
ing eggs  of  insects  ;  probably  so  called  from  the  small  bodies  found 
in  the  discharge). 

Definition. — '  Mycetoma '  is  a  generic  term  for  the  invasion  of  the 
tissues  of  the  foot  and  hand,  and  more  rarely  other  parts  of  the 
body  by  fungi  belonging  to  the  genera  Discomyces,  Aspergillus, 
Madurella,  Oospora,  and  Indiella,  which  produce  enlargement, 
deformity,  and  destruction  of  the  affected  area. 
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History. — It  is  probable  that  mycetoma  was  known  to  ancient  Indian 
writers  on  medicine,  for  references  are  found  to  a  disease  of  the  foot  charac- 
terized by  swelUngs  like  plum-stones,  associated  with  a  considerable  amount 
of  discharge,  and  thought  to  be  due  to  injuries  caused  by  thorns. 

In  1 7 12  Kaempfer  drew  attention  to  a  disease  of  the  foot,  which  he  called 
■  perical, '  or  large  foot,  in  natives  of  India.  It  is  not  very  clear  what  he  meant 
by  this,  as  he  may  have  confounded  elephantiasis  with  mycetoma.  In  the 
early  nineteenth  century  the  disease  was  well  known  in  the  South  of  India, 
where  it  was  called  '  Madura-foot,'  being  described  by  Heyne  in  1806,  and 
mentioned  in  Brett's  'Surgery,'  in  1840  as  a  distinct  disease.  In  1842  Gill 
appears  to  have  been  the  first  to  clearly  difiereutiate  it,  and  he  was  followed 
by  Godfrey  in  1 844  and  1 846,  Morehead  in  1 846,  Colebrook  in  1 848  ;  but  many 
of  these  early  writers  appear  to  have  considered  the  disease  to  be  tubercular. 

Ballingall,  in  1855,  was  the  first  to  state  that  it  was  probably  of  parasitic 
origin,  and  he  was  followed  by  Rustomji,  who  gave  careful  clinical  histories 
of  eight  cases. 

In  i860  Eyre  gave  an  account  of  the  disease,  and  V.  Carter  published  the 
first  of  a  series  of  most  important  papers  extending  till  1874,  in  which  he 
studied  the  whole  subject  most  minutely,  and  found  the  causal  agent  to  be 
a  fungus.  In  1859  he  discovered  the  fungus  of  the  melanoid  or  black  variety, 
now  called  Madurella  mycetomi  Laveran  1902,  and  later,  in  the  same  year,  he 
found  the  fungus  of  the  ochroid,  or  white  variety,  which  is  at  the  present  time 
called  Discomyces  madurce  Vincent  1894.  He  was  followed  by  a  large  number 
of  observers,  among  whom  may  be  mentioned  H.  J.  Carter,  who  in  1862 
described  a  fungus  belonging  to  the  Mucoridae,  which  Berkeley  in  1865  called 
Chionyphe  carteri  ;  but  their  methods  of  separating  and  growing  this  fungus 
were  crude,  and  there  is  no  doubt  that  it  was  a  contaminative  fungus.  Lewis 
and  Cunningham  in  1875  did  not  believe  in  the  fungoid  origin,  and  ascribed 
the  disease  to  degenerations  ;  and  in  1876  Kemper  and  Jamie^n  described 
a  curious  case  of  foot  disease  under  the  term  '  podelcoma'  as  occurring  in 
America.  It  is  probable  that  this  may  have  been  a  case  of  mycetoma,  but 
if  so,  it  was  remarkably  acute  in  its  course.  Bassini  in  1888  described  an 
undoubted  case  in  Italy,  and  Wright  a  similar  case  in  an  Italian  in  America. 
In  1892  Kanthack  and  Hewlett  independently  studied  the  pathology  of  the 
disease,  and  concluded  that  it  was  really  an  actinomycosis.  In  1893  Boyce 
and  Surveyor  examined  a  number  of  cases  and  grew  the  fungus  artificially. 
In  1894  Vincent  published  an  account  of  a  case  of  the  white  variety  occurring 
in  Algeria.  He  cultivated  the  parasite,  and  inoculated  it  without  success 
into  animals,  and  finally  named  the  variety  Streptothrix  madura,  thus 
clearly  differentiating  one  variety  of  the  disease. 

In  189s  Adamiand  Kirkpatrick  published  an  account  of  the  first  undoubted 
case  in  Canada,  and  later  similar  cases  were  reported  in  other  parts  of  America  ; 
and  in  1897  Unna  studied  the  pathology  of  the  disease.  In  1901-02  Bouffard 
described  black  and  white  varieties  of  the  disease  as  occurring  in  Somaliland. 
In  1902  Laveran  investigated  Carter's  black  variety,  and  named  it  Strepto- 
thrix mycetomi;  and  Foulerton  and  Jones  pubUshed  a  paper  on  the 
pathogenesis  of  the  Streptothrix  group.  Nicolle  and  Brunswic-le-Bihat 
described  a  case  of  white  mycetoma  in  Tunis,  caused  by  Aspergillus  mdulans 
cultivated  by  Nicolle  and  Pinoy.  The  fungus  was  introduced  into  the  fooi 
by  a  grain  of  barley.  In  1906  Brumpt  published  a  most  valuable  paper 
showing  that  actinomycosis  was  the  cause  of  one  variety  of  mycetoma,  anc 
that  Carter's,  Vincent's,  NicoUe's,  and  Bouffard's  white  and  black  mycetomats 
were  all  separate  varieties  of  the  disease  caused  by  distinct  fungi,  and  ir 
addition  he  described  two  other  varieties,  making  a  total  of  eight  varietiei 
due  to  separate  fungi.  In  1907  Musgrave  and  Clegg  described  a  new  form  o: 
the  disease  in  the  PhiUppine  Islands,  due  to  Streptothrix  freen,  which  thej 
successfully  inoculated  into  the  foot  of  a  monkey.  This  fungus  they  now 
consider  to  be  identical  with  D.  asterdides. 

Climatology.— The  disease  is  diffused  throughout  the  world,  bein^ 
known  in  Asia,  Africa,  Europe,  and  America,  but  is  far  more  com 
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monly  met  with  in  the  tropics  than  in  the  temperate  zone,  and  is 
especially  prevalent  in  India,  particularly  in  the  Madras  Presidency 
about  Madura,  Bellary,  Tanjore,  and  Trichinopoli. 

In  Asia  it  is  known  in  India,  not  merely  in  Madras,  but  also  in 
Cochin,  Pondicherry,  Sind,  Cutch,  Bengal,  Rajputana,the  North- 
West  Provinces,  the  Punjaub,  and  Kashmir.  It  also  occurs  in 
Ceylon  and  Aden.  In  Africa  it  is  also  widespread,  being  met  with 
in  Madagascar,  Somaliland,  Abyssinia,  Jibuti,  the 'Sudan,  Egypt, 
Algeria,  Morocco,  and  Senegambia.  In  Europe  it  is  rarely  met 
with,  but  cases  have  been  reported  from  Cyprus,  Italy,  and  France. 
In  America  it  has  been  reported  as  occurring  in  Canada,  the  United 
States,  Nicaragua,  the  West  Indies,  Argentina,  and  Chili. 

With  regard  to  the  known  distribution  of  the  varieties,  the 
actinomyofic  has  only  been  reported  from  Madagascar;  Porter's 
black  mycetoma  from  India,  Italy,  and  Senegambia ;  Carter's 
ochroid  variety  from  India,  Somaliland,  Abyssinia,  Algeria,  Cyprus, 
Cuba,  and  Argentina  ;  Bouffard's  black  and  white  varieties  from 
Somaliland  ;  Brumpt's  white  variety  from  India  ;  Reynier's  white 
variety  from  Paris  ;  and  Musgrave  and  Clegg's  from  the  Philippine 
Islands.  It  is  not  definitely  known  what  influence  the  season  of  Ihe 
year  has  on  the  occurrence  of  the  fungus,  though  probably  when  the 
saprophytic  history  is  known  some  such  influence  may  be  discovered. 

.ffitiology.— The  disease  is  due  to  the  entry  of  a  fungus  into  the 
subcutaneous  tissue  of  some  part  of  the  body  by  means  of  a  wound. 

The  region  invaded  is  usually  the  foot,  more  rarely  the  hand,  and 
still  more  rarely  some  other  region. 

The  causal  fungi  may  be  classified  as  follows  : 


Order. 


Genus. 


Ascomycetes 


r  Aspergillus 
[Oospora 

'Discomyces 


Species. 
A.  nidulans  Eidam  1883. 


Hyphomycetes 


Madurella 


Indiella  . 


\A.  bouffardi  Brumpt  1906. 
O.  tozenri  Nicolle  and  Pinoy  1908. 

D.  bovis  Harz  1877. 
D.  madurae  Vincent  1894. 
D.  asteroides  Eppinger  1890. 
M.  mycetomi  Laveran  1902. 
I.  mansoni  Brumpt  1906. 
I.  reynieri  Brumpt  1906. 
I.  somaliensis  Brumpt  1906. 

The  saprophytic  life  of  these  parasites  is  quite  unknown,  with 
the  sole  exception  of  Discomyces  bovis,  which  lives  in  the  spikelets 
of  various  cereals. 

The  disease  occurs  most  commonly  in  people  who  walk  barefoot, 
and  is  therefore  most  usually  met  with  in  native  races,  though 
race  per  se  has  no  predisposing  influence.  It  is  principally  found 
m  agricultural  labourers,  and  is  therefore  more  common  in  the 
poorer  classes  and  in  males. 

Pathology.— The  causal  fungus  is  introduced  into  some  part  of 
the  body  by  a  wound  produced  by  a  thorn,  a  splinter  of  bamboo 
or  other  wood,  by  a  sharp  stone,  knife,  etc.,  but  perhaps  the  most 
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interesting  recorded  case  is  Vincent's  Tunis  case,  in  which 
the  disease  was  started  by  an  injury  to  the  foot  by  a  grain 
.of  barley.  Once  introduced  into  the  subcutaneous  tissues,  ii 
commences  to  grow,  the  original  wound  in  the  meantime  healing. 
Usually  the  growth  is  slow  ;  but  if  Kemper  and  Jamieson's  case 
was  true  mycetoma,  it  may  be  rapid,  and,  indeed,  this  is  supported  by 
Musgrave  and  Clegg's  inoculation  of  Discomyces  asteroides  into  mon- 
key's feet,  in  which  the  swelling  developed  in  ten  to  sixteen  days,  and 
was  quickly  followed  by  suppurative  lesions.  As  the  fungus  grows 
it  destroys  the  tissues  of  the  foot,  and  meets  with  but  little  reaction 
on  the  part  of  the  body,  and  no  attempt  is  made  to  repair  its  ravages. 
The  reaction  on  the  part  of  the  body  confines  itself  to  a  lympho- 
cytic infiltration  around  the  fungus,  and  later  the  formation  ol 
granulation  tissue,  with  epithelioid  and  giant  cells  at  times ;  while, 
finally,  fibrous  tissue  is  formed  around  the  fungus  and  its  surrounding 
cells,  and  the  vessels  become  blocked  by  an  endarteritis  and  peri- 
arteritis. This  appears  to  be  an  attempt  to  encapsule  and  preveni 
the  spread  of  the  parasite,  as  well  as  to  damage  it  by  cutting  off  its 
food-supply. 

At  the  same  time  the  cellular  exudate  hecomes  a  thin,  oily,  ofter 
stinking,  pus,  and  works  its  way  to  the  surface,  forming  apertures 
and  carrying  the  parasite  with  it.  This  must  be  considered  to  be 
an  attempt  to  rid  the  body  of  the  fungus. 

In  the  meanwhile  the  parasite  forms  special  club-shaped  hypha 
chlamydospores,  which  at  first  serve  for  extracting  nutrition  from  the 
surrounding  leucocytes,  but  later,  breaking  free  from  the  main  mass 
form  means  of  asexually  propagating  the  fungus  in  the  foot.  Some 
of  these  separated  clubs  are  attacked  and  engulfed  by  leucocytes 
and  though  it  is  possible  that  in  this  way  many  may  be  destroyed, 
still,  Brumpt's  researches  show  that  the  leucocyte,  with  its  enclosed 
club,  may  wander  away  from  the  diseased  area  into  healthy  tissue. 
and  may  be  killed  by  the  club,  which,  being  set  free,  grows  into  a 
new  mass  of  fungus.  In  this  way  the  fungus  may  be  disseminated 
by  means  of  the  p^iagocytes. 

When  surrounded  by  pus,  the  fungus  gathers  itself  into  granules, 
the  so-called  sclerotia,  which  show  externally  radially  arranged 
fibres  or  clubs,  and  internally  a  mass  of  mycelium  with  crystals  and 
debris,  the  latter  being  most  marked  in  the  centre.  These  granules 
escape  to  the  exterior,  and  form  the  yellow,  black,  or  pink  granules 
in  the  discharge.  As  the  fungus  grows  in  the  foot  the  connective 
tissues  and  the  muscles  undergo  vitreous  degeneration,  and  break 
up  into  debris,  amongst  which  pieces  of  nerves  and  tendons  may  be 
found,  while  even  the  bone  in  some  cases  becomes  attacked  by  a 
form  of  degeneration  and  disappears.  The  result  is  that  the  foot 
appears  much  swollen  externally,  and  shows  the  openings  of  the 
sinuses,  through  which  the  pus  and  the  fungoid  granules  escape ; 
while ,  internally  the  normal  structure  may  have  completely  dis- 
appeared, being  replaced  by  degenerated  tissue,  debris,  sinuses, 
and  fibrous  sacs  containing  the  fungus  and  the  pus. 
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The  result  is,  however,  not  merely  destruction  of  the  foot,  bu1 
aJso  great  bodily  waste,  due  to  the  continuous  discharge,  so  thai 
the  patient  becomes  emaciated,  and  may  finally  die  of  asthenia 
Very  rarely  do  the  fungi  invade  the  body,  as  is  the  case  with  Dis- 
comyces  bovis,  which  may  give  rise  to  a  general  infection. 

The  peculiarity  of  the  pathology  is  the  slight  reaction  which  the 
body  makes  against  the  invasion  by  the  fungus,  and  the  entire 
absence  of  any  attempt  at  repair. 

The  black  varieties  of  mycetoma  owe  their  colour  to  a  dark 
substance  which  they  secrete.  The  nature  of  this  black  substance  is 
not  known.  It  is  soluble  in  hot  sulphuric  acid,  forming  a  yellowish- 
red  solution,  but  is  not  soluble  in  cold  sulphuric  acid  nor  in  potash 
solutions. 

According  to  Thudichum,  it  does  not  contain  haemoglobin  in 
any  form,  though  a  small  quantity  of  iron  is  present.  The  nature 
of  the  yellow  pigment  does  not  appear  to  have  been  investigated, 
thoug:h  Musgrave  and  Clegg  remark,  with  regard  to  Discomyces 
asteroides,  that  a  pigment  of  the  appearance  of  haemoglobin  may  be 
seen. 

Morbid  Anatomy. — Externally  the  swollen  foot  shows  nodules 
arid  openings,  the  latter  of  which  lead  into  the  sinuses.  In  section- 
izing  the  foot  it  will  be  noticed  that  the  sinuses  run  in  various 
directions,  and  end  in  small  cavities  containing  pus  and  the  fungus, 
and  that  these  cavities  are  embedded  in  degenerated  tissue  and  debris. 
The  bone  may  or  may  not  be  affected,  but  if  it  is,  the  whole  foot 
can  be  easily  cut  by  a  knife. 

Microscopically  the  tissues  simply  show  degeneration  and 
debris,  with  fibrous  tissue  formation,  endarteritis,  and  periarteritis, 
arid  at  times  absorption  of  the  bone.  Inside  the  fibrous  capsules 
will  be  found  pus  cells  and  the  fungoid  mass,  consisting  externally 
of  clubs  or  radiate  hyphae  mixed  with  leucocytes,  and  internally  of 
a  mycelial  mass. 

Symptomatology. — The  disease  usually  begins  in  the  foot,  more 
rarely  in  the  hand,  and  stUl  more  rarely  in  the  leg,  knee,  neck,  or 
trunk.  There  may  or  may  not  be  a  history  of  a  cut  or  injury  some 
time  previously.  In  any  case  this  primary  injury  wiU  have  healed 
long  before  the  disease  is  well  established. 

The  incubation  period  in  well-recorded  cases  would  appear  to 
be  short ;  thus,  in  Musgrave  and  Clegg's  case,  one  month  after  the 
primary  injury  the  wound  reopened  and  discharged  pus,  and  in 
their  experiments  on  monkeys  it  appeared  to  vary  from  ten  to 
sixteen  days.  Further  researches  on  this  point  are,  however, 
required. 

The  eariiest  signs  are  either  pain  or  swelling  in  the  region  of  the 
original  injury,  which  is  usuaUy  on  the  sole  of  the  foot,  between  the 
toes,  or  on  the  instep.  The  swelling  becomes  a  hard  lump,  on  the 
surface  of  which  a  bleb  may  form,  which  bursts  and  reveals  a  small 
opening  discharging  an  oily,  rarely  sanious,  thin,  offensive  pus,  in 
which  the  granules  characteristic  of  the  fungus  may  be  found. 
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th^frf"^'''^'"'^"'"^*^^"^  ^"'^  nodosities  appear  in  various  parts  of 
tne  toot,  and  new  openings  are  formed,  while  the  whole  foot  begins 
icrTm  '"^  ^  T7  characteristic  manner.  First  the  arch  of  the 
rnlr.  .l^.^'l^  disappears,  the  whole  sole  becoming  so  swollen  and 
convex  that  the  toes  are  no  longer  able  to  touch  the  ground,  and 
may  be  pushed  apart,  but  are  usually  not  affected  by  the  disease. 
At  the  same  time  the  dorsum  of  the  foot  becomes  studded  with 
nodules  and  openings.  The  colour  of  the  integument  may  be 
normal,  but  is  usually  darker  than  in  the  healthy  foot.     It  is  rarely 


Fig.  348. — Mycetoma. 

oedematous.  The  openings,  when  examined  by  a  probe,  are  found 
to  lead  into  sinuses,  which  penetrate  deeply  into  the  tissues,  and  at 
times  even  into  the  bones  of  the  foot.  The  quantity  of  the  dis- 
charge varies  from  time  to  time,  being  increased  by  motion.  On 
palpating  the  affected  area,  it  is  found  to  be  elastic,  and  the  sensi- 
bility to  be  normal. 

As  the  disease  progresses,  pain,  which  at  first  was  slight,  becomes 
more  marked,  especially  in  cold  weather.  The  patient  ceases  to 
be  able  to  place  the  foot  to  the  ground,  and  is  compelled  either  to 
walk  on  the  heel  or  to  use  a  support.     The  leg  begins  to  waste, 
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and  after  a  long  time  the  patient  becomes  weak  and  anaemic  from 
the  constant  drain  on  the  system,  but  general  constitutional  dis- 
turbance of  a  febrile  nature  is  rare. 

The  disease  is  very  chronic,  and  has  no  tendency  to  heal,  and  il 
not  treated,  will  eventually  cause  the  death  of  the  victim,  from 
exhaustion  or  diarrhoea,  after  lasting  some  ten  or  twelve  years. 

Varieties.^The  disease  can  be  classified  by  the  different  causal 
fungi  into  nine  varieties,  which  may  be  arranged,  according  to  the 
colour  of  the  granules  or  sclerotia,  into  the  black  or  melanoid  group, 
and  the  white  or  ochroid  group,  as  follows  : 

A.  The  Melanoid  Group. 

1.  Carter's  black  mycetoma. 

2.  Bouffard's  black  mycetoma. 

3.  NicoUe  and  Pinoy's  black  mycetoma. 

B.  The  Ochroid  Group. 

4.  Carter's  white  mycetoma. 

5.  The  actinomycotic  white  mycetoma. 

6.  Nicolle's  white  mycetoma. 

7.  Brumpt's  white  mycetoma. 

8.  Reynier's  white  mycetoma. 

9.  Bouffard's  white  mycetoma. 

10.  Musgrave  and  Clegg's  white  mycetoma. 

A  red  variety  has  been  described  in  Africa  due  to  PenicilHum  bouffardi 
Brumpt  1906,  but  has  not  so  far  been  completely  investigated. 

1.  Carter's  Black  Mycetoma. — ^The  sclerotia  are  hard,  irregular, 
brittle,  black  or  dark  brown  in  colour,  i  to  2  millimetres  in  diameter. 
The  hyphae  are  white,  but  the  interhyphal  substance  is  dark  brown. 
This, is  the  type  of  the  disease,  and  is  caused  by  Madurella  mycetomi 
(Laveran)  1902. 

2.  Bouffard's  Black  Mycetoma. — ^The  sclerotia  are  moriform, 
elastic,  and  vary  in  size  from  a  pin's  head  to  a  small  pea.  The 
grains  are  contained  in  giant  cells.  The  disease,  which  is  readily 
amenable  to  treatment  by  curetting,  is  caused  by  Aspergillus 
bouffardi  Brumpt  igo6. 

3.  NicoUe  and  Pinoy's  Black  Mycetoma. — The  sclerotia  are  hard, 
small,  and  black.  During  parasitic  life  the  mycelium  is  septate, 
I  to^4  microns  in  breadth.  Chlamydospores  are  present.  It  is 
found  in  Algeria  and  Tunis. 

4.  Carter's  White  Mycetoma. — The  sclerotia  are  yeUowish-white, 
mulberry-like,  spherical  grains,  varying  in  size  from  minute  pin- 
heads  to  peas.    It  is  caused  by  Discomyces  madurce  (Vincent)  1894. 

5.  Actinomycotic  White  Mycetoma. — The  sclerotia  are  yellowish 
and  soft.  The  disease  destroys  the  bones,  and  can  spread  through- 
out the  body,  forming  metastases  in  distant  organs.  The  causal 
fungus  is  Discomyces  bovis  (Harz)  1877. 
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6.  Nicolle's  White  Mycetoma. —The  sclerotia  are  large,  rounded, 
and  smooth,  like  peas.  It  attacks  the  bones.  The  causal  fungus 
is  Aspergillus  nidulans  (Eidam)  1883. 

7.  Brumpt's  White  Mycetoma. — ^The  sclerotia  are  very  small, 
hard,  and  bean-shaped.  The  fungus  in  the  foot  lacks  the  connective- 
tissue  sheath  normally  present.  The  causal  fungus  is  Indiella 
mansoni  Brumpt  1906. 

8.  Reynier's  White  Mycetoma. — The  sclerotia  are  very  large,  soft, 
coiled  masses.     It  is  due  to  Indiella  reynieri  Brumpt  igo6. 

9.  Bouffard's  White  Mycetoma. — The  sclerotia  are  large,  spherical 
or  polyhedral  grains,  sometimes  white,  sometimes  reddish-yellow  in 
colour.  It  destroys  bone.  It  is  caused  by  Indiella  somaliensis 
Brumpt  1906. 

10.  Musgrave  and  Clegg's  White  Mycetoma. — ^The  sclerotia  vary  in 
size  from  0-25  to  5  millimetres.  Oval  at  first,  they  become  various 
shaped  when  full-grown.  The  fungus  which  invades  the  medulla 
of  the  bone  is  Discomyces  asteroides  Eppinger  1890. 

Diagnosis. — ^The  peculiar  swelling  of  the  foot, with  a  filling-up  of  the 
arch,  and  the  formation  of  sinuses  from  which  a  discharge  containing 
the  typical  sclerotia  is  escaping,  enables  the  disease  to  be  diagnosed 
with  certainty  from  elephantiasis  or  tubercular  disease  of  the  foot. 

The  variety  of  the  fungus  may  be  determined  by  examining  the 
grains  or  the  scrapings  of  the  sinuses  microscopically,  culturally, 
and  by  inoculations  in  animals. 

Prognosis. — The  disease  is  incurable  unless  treated  surgically. 

Treatment. — ^The  diseased  area,  if  localized,  may  be  removed 
by  curetting  or  excision;  but  if  a  large  area  of  the  foot  is  affected 
amputation  must  be  performed  well  above  the  boundary  of  the 
disease. 

Prophylaxis. — Prophylaxis  consists  in  guarding  against  wounds 
from  pieces  of  wood,  stones,  etc.,  by  wearing  boots,  shoes,  or  sandals. 
Should  a  wound  occur,  it  must  be  thoroughly  cleaned  with  anti- 
septic lotions  before  being  allowed  to  heal. 
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.    CHAPTER  LIII 
NERVOUS  DISEASES 

General  remarks— Endemic  paralytic  vertigo— Latah— Schamanismus— Amok 
—Tropical  neurasthenia— Endemic  peripheral  neuritis— Erythromelalgia 
tropica — Besert  hallucinations— References. 

GENERAL  REMARKS. 

The  nerve  diseases  of  the  tropics  include  many  general  diseases 
already  dealt  with — e.g.,  pellagra,  malaria,  leprosy,  beri-beri,  etc. 
But  apart  from  these  conditions,  meningitis,  cerebral  tumours, 
cerebral  hemorrhages,  spastic  paralysis,  alcohdlic  neuritis,  and, 
more  rarely,  arsenical  neuritis,  are  all  well  known.  Locomotor 
ataxia  and  general  paralysis— the  so-called  parasyphUitic  affections 
— are  rare,  though  syphilis  is  rampant.  The  cerebral  tumours 
which  we  have  most  commonly  met  with  are  endotheliomata  and 
tubercular  or  syphilitic  lesions.  Hysteria  is  common  among  the 
better-class  natives,  especially  among  the  young  women  educated 
according  to  Western  ideas. 

As  regards  insanity,  mania  and  melancholia  are  the  most  usual ; 
but  dementia,  idiocy,  and  epileptic  insanity  are  not  uncommon. 
According  to  Dr.  Spence,  Superintendent  of  the  Asylum  at  Colombo, 
the  burden  of  lunacy  in  Ceylon  is  light  as  compared  with  England, 
Scotland,  or  Ireland,  and  it  is  possible  that  this  applies  not  merely 
to  Ceylon,  but  to  cither  countries.  But  apart  from  these  diseases, 
there  are  some  curious  nerve  or  mind  affections  which  must  be 
considered  at  greater  length. 

Tropical  'kbhler 'has  already  been  meiltioned  (p.  65),  but  tropical 
neurasthenia  must  be  dealt  with. 

ENDEMIC  PARALYTIC  VERTIGO. 

Synonyms. — ^Vertige  Paralysant,  Vertige  Ptosique,  Gerlier's 
Disease,  Kubisagari,  Tourniquet. 

Definition. — -Endemic  paralytic  vertigo  is  characterized  by  eye 
symptoms,  such  as  ptosis,  dimness  of  vision,  and  by  paralysis  of 
the  neck  and  extremities. 

History.— The  disease  was  first  described  by  Gerlier  in  Ferney, 
in  Switzerland,  in  1886,  and  by  Miura,  in  1894,  in  Japan. 
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Climatology. — It  is  known  in  France,  Switzerland,  and  Japan, 
where  it  is  found  in  the  northern  provinces  and  in  the  island  of 
Shikoku. 

iEtiology. — The  aetiology  is  entirely  unknown,  and  hence  there 
are  many  theories,  which  suggest  alcohol,  poisoned  bread  and 
lentils,  and  latent  malaria  ;  but  the  one  which  is  favoured  by  both 
Gerlier  and  Miura  is  the  association  of  the  disease  with  stables. 
Gerlier  says  that  in  the  valley  of  the  Lake  of  Geneva  it  is  not 
unusual  for  people  to  sleep  in  the  stables  ;  and  Miura  says  that  in 
the  regions  affected  in  Japan  it  is  usual  to  have  the  house  so  arranged 
that  a  part  is  used  as  a  stable,  while  the  remainder  is  occupied  by 
the  family. 

Further,  it  is  associated  with  warm  weather.  Miura  gives  as 
exciting  causes  bodily  exertion  while  hungry  or  after  a  full  meal, 
writing,  reading,  steady  attention  to  anything,  uniform  movements 
or  mixing  with  crowds  ;  while  the  attacks  are  diminished  by  rest 
and  change. 

Pathology. — ^This  is  quite  unknown. 

Symptomatology. — An  attack  begins  with  a  blurring  of  objects, 
everything  appearing  as  if  in  a  fog,  together  with  ptosis,  and,  less 
frequently,  a  diplopia  due  to  paralysis  of  the  internal  rectus,  with 
sometimes  photophobia,  disturbances  of  colour  vision,  and  hyper- 
•  aemia  of  the  optic  disc.  Then  follow  disturbances  of  speech  and  loss 
of  power  in  mastication,  and,  in  bad  cases,  of  deglutition.  At  the 
same  time  paralysis  of  the  muscles  of  the  back  of  the  neck,  the 
back,  and  the  extremities  are  observed.  The  head  falls  forward, 
and  is  only  raised  with  difficulty  ;  hence  the  name  of  the  disease, 
'  kubisagari,'  which  means  '  he  who  hangs  his  head.'  If  the 
muscles  of  the  back  are  paralyzed,  there  may  be  difficulty  in  raising 
the  body  from  a  stooping  posture.  Weakness  in  the  hands,  arms, 
and  legs  is  often  observed,  and  is  first  noticed  in  the  muscles  con- 
nected with  symmetrical  repeated  movements.  An  attack  lasts 
from  ten  to  fifteen  minutes,  and  varies  in  severity,  in  mUd  cases 
there  being  only  ptosis  and  dimness  of  vision.  Between  the  attacks 
the  patient  is  perfectly  well  in  every  respect.  After  severe  attacks 
there  may  be  a  little  ptosis,  or  weakness  of  the  muscles  of  the  back, 
neck,  hands,  or  legs,  and  increased  reflexes. 

Prognosis. — ^The  disease  is  never  fatal,  though  it  may  last  for 
many  years. 

Treatment. — The  first  requirement  is  removal  from  the  endemic 
area  and  from  living  in  close  proximity  to  stables.  Medicines  are 
not  of  much  use,  but  a  combination  of  potassium  iodide  and  arsenic 
is  recommended. 

lAtah. 

Synonym. — Mimicismus. 

Definition. — Latah  is  a  mental  condition  in  which  suggestion  is 
at  once  followed  by  uncontrollable  action  of  which  the  mind  has 
no  knowledge. 
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Climatology.— Latah  is  found  principally  in  the  Malay  Peninsula, 
Java,  Sumatra,  and  is  also  known  in  Siam,  in  Burma,  in  the 
^miippmes,  Siberia,  and  among  the  Jumpers  of  North  America. 
I'letcher  has  rightly  drawn  attention  to  the  fact  that,  while  the 
disease  is  very  common  in  the  Malay  States,  it  is,  apparently,  rare 
in  the  Malays  who  have  emigrated.  Thus,  for  example,  it  does  not- 
occur  among  the  large  colony  of  Malays  in  Ceylon,  which  may  be 
due  to  the  fact  that  they  originally  came  from  Batavia  in  Java 
and  not  from  Malaya,  but  it  is  said  by  Fletcher  to  occur  in  Chinese, 
Tamils,  and  m  Europeans  living  in  Malaya.  The  Ikota  or  Samoyeds 
and  the  Tigretier  of  Abyssinia,  are  said  to  suffer  from  similar  symp- 
toms.    In  children  the  disease  is  milder  than  in  adults. 

The  exciting  cause  appears  to  be  any  sudden  start,  producing 
sonie  peculiar  movement,  after  which  any  unlooked-for  action  may 
be  imitated,  and  is  generally  accompanied  by  bad  language.  The 
mildest  form  of  the  disease  is  merely  an  exclamation  or  a  scream 
when  startled,  but  in  severe  cases  the  patient  will  imitate  any 
sudden  motion  or  obey  any  suggestion  made  to  him. 

Fletcher  relates  that  in  some  parts  of  the  Malay  States  it  is 
occasionally  impossible  for  a  judge  to  examine  the  witnesses,  as 
they  can  do  nothing  but  imitate  and  repeat  the  questions  put  to 
them. 

The  most  graphic  account  of  the  symptomatology  of  the  fully 
developed  complaint  is  that  given  by  Sir  Hugh  Clifford  in  his 
'  Brown  Humanity,'  from  which  we  are  kindly  permitted  to  give 
an  extract.  The  disease  is  best  seen  in  the  Malays,  and  no  white 
man  knows  these  people  as  Sir  Hugh  Clifford  knows  them,  and 
therefore  the  following  is  of  peculiar  value  : 

'  The  most  typical  case  of  lS,tah  within  my  experience  was  that  of  a  Selangor 
Malay  named  Sat,  who,  in  1887  and  1888,  cooked  the  rice  for  me  and  for  ten, 
twenty,  or  thirty  Malays  who  were  then  living  in  my  house  at  Pekai.  He  was 
a  great  big,  heavy-featured,  large-boned,  clumsily-built  fellow,  very  solid, 
very  stupid,  very  phlegmatic — the  last  person  in  the  world  one  would  have 
thought  to  be  the  victim  of  any  nervous  disorder.  To  the  lay  mind  any 
abnormal  degree  of  sensitiveness  should  be  accompanied  by  a  somewhat 
ethereal  physique,  a  delicate  skin,  a  blue-veined  forehead,  tiny  hands  and 
feet,  and  a  highly  strung  organization.  To  none  of  these  things  could  poor 
Sat  lay  any  sort  of  claim ;  and  though,  no  doubt,  doctors  will  say  that  these 
are  by  no  means  invariable  accompaniments  of  a  highly  nervous  tempera- 
ment, I  must  own  that  Sat  looked  vastly  improbable  as  the  possessor  of 
anything  so  rarefied.  All  the  other  Malays  in  my  household  were  accustomed 
to  put  upon  Sat  most  unmercifully,  making  him  do  almost  the  whole  of  the 
work  that  should  rightly  have  been  shared  between  them  all.  Sat  never 
appeared  to  resent  this  arrangement,  and  he  never  made  any  complaint  to  me 
then,  or  at  any  later  time,  of  the  manner  in  which  his  fellows  treated  him. 

'  He  spent  almost  the  whole  of  his  day  in  the  great  ramshackle  room,  built 
out  over  the  river  on  supporting  piles  of  nibong,  in  which  the  large  wooden  box, 
filled  with  baked  clay,  which  served  as  our  simple  cooking-range,  occupied  the 
chief  place  in  the  centre  of  the  tala  floor. 

'  When  the  others  were  most  noisy,  Sat  was  still  silent.  When  some  of 
my  men  boasted  of  the  great  deeds  they  had  performed  in  the  old  days  in 
Selangor,  Sat  would  listen  obediently  to  the  thrice-told  tales,  stolidly,  but 
without  excitement.     Most  of  the  other  men  had  their  own  particular  chums. 
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but  Sat,  was  always  solitary,  and  he  never  appeared  to.  have  any  ideas  in  that 
great  bullet-head  of  his  which  he  desired  to  exchange  with  his  neighbours. 

'  He  had  been  an  inmate  of  my  hut  for  nearly  a  year  before  anyone  dis- 
covered that  he  was  Utah.  The  fact  came  to  light  quite  accidentally,  Sat 
being  startled  out  of  his  self-possession  by  the  sudden  capsizing  of  a- cooking- 
pot  over  which  he  was  watching.  A  boy  who  chanced  to  be  alone  in  the 
cook-room  with  Sat  made  an  instantaneous  grab  at  the  fallen  rice-pot,  and 
in  an  instant  Sat's  hand  was  in  the  fire,  grasping  the  burning  hot  metal.  He 
withdrew  his  flayed  fingers  quickly,  as  the  pain  brought  to  him  consciousness 
of  what  he  had  done,  and  he  carried  them  at  once  to  his  head — that  queer, 
groping,  scratching,  motion  which  is  an  invariable  accompaniment  of i  Utah — 
and  the  boy  at  his  side  needed  no  man  to  tell  him  that  Sat  was  a  victim  to  that 
extraordinary  affliction. 

'  With  the  wanton  cruelty  and  mischief  of  his  age,  the  boy  once  more  made 
a  feint  at  the  smoking  rice-pot,  and  again  Sat'.s  fingers  glued  themselves  for 
a  moment  to  the  scalding  metal,  and  returned  aimlessly  to  his  head. 

'  I  do  not  know  how  many  times  this  was  repeated,  but  Sat's  fingers  were 
in  a  terribly  lacerated  condition  when  at  last  someone  chanced  to  enter  the 
cook-room,  and  interfered  to  prevent  the  continuation  of  Sat's  torture. 

'  After  that,  though  I  did  all  I  could  to  protect  him  from  molestation.  Sat 
was  never,  I  fancy,  left  in  peace  for  long  by  the  other  men  of  my  households 
Gradually,  in  the  course  of  a  couple  of  mouths  or  so,  this  man,  who  for  nearly 
a  year  had  shown  no  signs  of  being  the  victim  of  any  nervous  disorder,  was 
reduced  to  a  really  pitiable  condition.  The  occasional  Utah  seizures,  which 
were  at  first  induced  by  the  persecutions  of  his  fellows,  ceased  to  be  abnormal 
phases,  and  became  the  chronic  conditipn  of  his  mind.  If  one  spoke  to  him, 
with  no  matter  how  much  gentleness,  he  would  repeat  the  words  addressed  to 
him  over  and  over  again,  aimlessly,  unintelligently,  without,  apparently, 
comprehending  their  meaning,  and  that  wandering,  groping  hand  of  his  would 
steal  to  his  head,  and  scratch  helplessly  at  his  close-cropped  hair. 

'  "  Sat,  listen,  Sat  !"  I  would  say  to  him  as  quietly  and  as  reassuringly  as 
I  knew  how.  "  Listen  !  no  man  is  worrying  thee.  Try  to  listen  to  what  I 
say  to  thee."  Sat  would  make  answer,  and  then,  very  low,  in  a  whisper  under 
his  breath  :  "  Listen,  listen,  listen,  listen,  listen  what' I  say  to  thee." 

'  I  instituted  a  fine  for  anyone  who  was  found  annojnng  Sat,  but  it  was 
impossible  to  get  a  conviction,  for  the  unfortunate  victim  could  never  say 
who  the  man  was  who  had  teased  him  into  a  more  than  usually  severe  paroxysm 
of  Utah. 

'  It  was  about  this  time  that  a  number  of  other  people  in  my  household  began 
to  develop  signs  of  the  affliction.  I  must  not  be  understood  as  suggesting  that 
they  became  infected  with  latah,  for  on  inquiring,  I  found  that  they  had  one 
and.  all  been  subject  to  occasional  seizures  when  anything  chanced  to  startle 
them  badly  long  before  they  joined  niy  people  ;  but  the  presence  of  so  complete 
a  slave  to  the  affliction  as  poor  Sat  seemed  to  cause  them  to  lose  the  control 
which  they  had  hitherto  contrived  to  exercise  over  themselves. '  One  of  the 
older  men  among  my  people — Pa'Chim,  we  called  him — a  Malay  by  birth, 
and  of  some  standing  with  his  fellows,  came  to  me  and  begged  that  I  would 
see  that  no  one  did  anything  to  give  him  a  sudden  start,  since,  he  said,  only  a 
very  little  was  needed  to  make  him  Utah  also.  Yet  this  man,  neither  then  nor 
later,  showed  any  signs  of  the  affliction.  He  probably  exercised  a  consider- 
able amount  of  self-control,  but  I  always  knew  that  in  a  moment  I  could  have 
broken  through  his  guard,  and  have  startled  him  into  as  complete  a.  seizure 
of  Utah  as  those  of  which' Sat  was  the  victim. 

'  One  day  a  curious  thing  happened,  which  I  will  relate  as  it-  occurred, 
though  I  only  witnessed  the  end  of- the  incident. 

'  A  Trgnggiinu  Malay,  who  had  a  cousin  among  my  people,  came  in  to  visit 
his  relative,  and  chanced  to  find  no  one  but  Sat  in  the  house.  The  latter 
invited  the  Tr^ngganu  man  to  partake  of  sirih,  and  they  squatted  down  on 
the  pentas,  or  raised  eating-platformi  in  the  centre  of  the  house,  with  the 
strih-box  between  them.  The  villainous  small  boy  whojhad  first  discovered 
Sat's  weakness  was  playing  about  in  the  room,  and  in  some  unholy  way  he 
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had  learned  that  the  Trgnggan,u  visitor  was  also,  a  latah  subject.  He  seized 
a  long  rattan,  which,  I  think,  was  kept  in  the  room  by  one  of  the  older  men 
for  his  occasional  correction,  and  smote  the  sirih-box  as  it  lay  between  the 
two  betel-chewers,  making  the  wooden  covering  resound  with  the  smart  blow. 
The  sudden  and  unexpected  noise  at  once  deprived  both  men  of  all  power  of 
self-restraint.  Each  gave  a  sharp  cry  and  a,  "  jump  " — to  use  the  colloquial 
expression — and,  since  there  was  nothing  to  distract  their  attention  from  one 
another,  they  fell  to  imitating  each  the  other's  gestures.  For  nearly  half  an 
hour,  so  far  as  I  could  judge  from  what  I  learned  later,  these  two  men  sat 
opposite  to  one  another,  gesticulating  wildly  and  aimlessly,  using  the  most 
filthy  language,  and  rocking  their  bodies  to  and  fro.  They  never  took  their 
eyes  off  one  another  for  sufficient  time  for  the  strange  influence  to  be  broken, 
and  at  length,  utterly  worn  out  and  exhausted,  first  Sat  and  then  the 
TrSngganu  man  fell  over  on  the  platform  in  fits,  foaming  horribly  at  the 
mouth  with  thin,  white  flakes  of  foam.  Men  came  rvraning  to  me  for  help, 
many  having  witnessed  the  end  of  this  strange  scene,  and  when  I  had  doctored 
Sat  and  his  companion  back  to  consciousness,  I  tried  to  ascertain  from  them 
how  they  had  come  to  fall  victims  to  this  seizure.  They  could  tell  me  nothing, 
however,  for  they  only  remembered  that  before  their  trouble  came  upon 
them  they  had  been  chewing  betel-nut.  The  matter  was  sifted  out,  none  the 
less,  and  the  small  boy  who  had  been  the  cause  of  the  trouble  again  made 
the  acquaintance  of  the  piece  of  rattan,  and,  to  judge  by  his  cries,  found  the 
interview  an  unusually  painful  one.' 

From  the  above  account  it  will  be  seen  that  a  sudden  action 
will  inhibit  the  higher  centres  and*  produce  reflex  movements 
in  imitation  of  those  performed  by  the  exciting  cause.  The  loss 
of  memory  of  what  has  taken  place  and  the  peculiar  movement 
of  the  hand  to  the  head  indicates  the  abrogation  of  the  higher 
powers. 

Latah  must  be  closely  related  to  those  curious  psychical  phe- 
nomena, seen  at  times  among  different  races,  the  afflicted  people 
being  variously  known  in  Europe  as  '  the  Jumpers,'  '  the  Barkers,' 
and  '  the  Jerks,'  and  must  also  be  allied  to  those  states  of  excitement 
into  which  people  pass  during  times  of  reUgious  revivals.  In  our 
experience  it  has  also  a  certain  resemblance  to  some  cases  of  so- 
called  '  Maladie  de  Gilles  de  la  Tourette,'  the  main  symptoms  of 
which  are  acholalia  and  coprolalia. 

A  peculiar  psychical  outbreak  took  place  in  Madagascar  m  the 
years  1863-64  among  the  women  of  the  lowest  classes,  consequent 
on  the  profound  sensations  caused  by  the  violent  death  of  Kmg 
Ramada  II.,  and  the  subsequent  changes  in  the  religion  and  laws. 
This  outbreak  is  said  to  have  been  identical  with  the  dancmg  mama 
of  the  Middle  Ages.  It  is  interesting  to  remember  that  there  is  a 
strong  admixture  of  Malay  blood  in  the  natives  of  Madagascar, 
especially  in  the  ruling  classes. 

It  is  thus  seen  that  the  condition,  though  at  present  most  marked; 
among  the  Malays,  is,  and  has  been,  world-wide  m  its  spread,  and 
is  really  due  to  the  possession  of  feeble  higher  centres  which  are 
easily  upset,  and  then  are  unable  to  control  the  lower  centres  m  the 

accustomed  manner.  -,.,■.     t-i  i.  u      u 

With  regard  to  the  medico-legal  aspect  ot  latah,  l-letcher  nas 
recently  performed  an  experiment  with  a  severely  affected  subject, 
proving  that  suggestion  can  compel  a  latah  subject  to  commit  a 
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crime  even  against  his  will.     He  concludes  that  in  litah  crime  is 
a  possibility  either  as — 

1.  An  act  resulting  from  an  imperfectly  controlled  inco-ordinate 
reaction  to  a  sudden  impulse  ;  or  as 

2.  An  act  resulting  from  the  suppression  of  volition  in' the  severe 
forms,  the  determining  cause  of  which  is  a  criminal  suggestion  by  a 
second  person. 

In  evidence  of  the  first,  he  cites  two  Malays  going  through  &  forest 
carrying  their  knives. for  cutting  wood.  A  twig  suddenly  snaps, 
and  the  first  man  falls  to  the  ground,  which  so  upsets  the  second 
one  that  he  also  falls  to  the  ground,  and  in  so  doing  accidentally 
wounds  the  first  man  with  the  knife  he  is  carrying.  In  evidence  of 
the  second,  he  places  a  dummy  in  a  bed  previously  occupied  by  a 
friend  of  a  latah  person  who  had  been  removed  without  the  latter's 
knowledge.  Suddenly  the  latah  person  was  ordered  to  take  a 
knife  which  was  placed  in  a  handy  position,  and  stab  the  dummy  in 
the  bed.  The  latah  person  tried  not  to  do  this,  but  was  compelled 
to  obey  the  suggestion.  Thus,  it  would  appear  that  there  may  be 
a  near  connection  between  latah  and  crime. 


SCHAMANISMUS. 

Schamanismus  is  the  condition  of  excitement  into  which  certain 
persons  of  the  Dayaks  and  other  peoples  are  able  to  throw  them- 
selves for  religious  purposes.  This  state  of  excitement  seems  to 
be  attained  by  leading  an  extremely  erotic  life,  and  appears,  by  its 
singing,  shrieking,  and  dancing  to  utter  weariness,  to  resemble  the 
dancing  mania  of  the  Middle  Ages,  and,  therefore,  to  be  related  to 
latah. 

AMOK. 

Definition. — Amok  is  a  psychical  disturbance,  which,  after  a 
period  of  depression,  suddenly  develops  into  a  violent  attempt  to 
kill  people,  of  which  no  memory  may  be  left,  and  after  which 
a  stuporous  condition  supervenes. 

Amok,  which  means  '  an  impulse  to  murder,'  is  a  disease  fre- 
quently found  among  the  Malays.  The  exciting  cause  appears  to 
be  a  strong  emotion  of  anger,  sorrow,  or  fear,  after  Which  a  pause 
or  incubation  period  of  depression  follows,  which  may  last  for  days 
or  weeks,  during  which  the  patient  broods  over  his  wrongs.  The 
attack  is  ushered  in  by  colour  sensations  of  red  or  black,  with  or 
without  vertigo,  and  the  patient  complains  of  the  appearance  of 
devils,  which  they  attempt  to  kill.  The  attack  usually  lasts  but  a 
short  time,  and  the  deeds  performed  during  that  period  are  not 
remembered.  After  the  attack,  the  patient  passes  into  a  stuporous 
condition  or  deep  sleep,  which  may  last  for  a  long  time,  after  which 
he  remains  in  a  peculiar  excitable  condition  for  some  months. 

This  is  a  curious  pathological  entity,   and  may  be  a  genuine 
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psychical  obliquity  closely  related    to    those    epileptoid    seizures 
investigated  in  Europe  by  Lombroso. 

If  a  case  is  considered  genuine,  the  patient  must  not  be  regarded 
as  responsible  for  his  actions,  but  each  case  should  be  judged  on  its 
own  merits. 

TROPICAL  NEURASTHENIA. 

No  disease  among  Europeans  in  the  tropics  deserves  more  careful 
study  by  the  practitioner  than  neurasthenia,  because,  though  not 
in  itself  fatal,  still  it  leads  to  many  of  the  petty  worries  felt  and  bad 
tempers  exhibited,  and,  in  worse  cases,  may  seriously  hamper  good 
work  being  performed.  The  subject  has  recently  been  ably  studied 
by  Fales  in  Americans  returning  from  the  Philippine  Islands. 

.etiology. — ^Tropical  neurasthenia  is  apt  to  develop  in  white 
people  in  any  part  of  the  tropics,  but  especially  in  those  which  are 
subject  to  moist  heat,  and  in  some  cases  an  important  predisposing 
cause  is  the  sun's  rays,  the  effects  of  which  are  often  disregarded. 
Moreover,  the  white  man  is  generally  compelled  to  work  hard 
throughout  the  heat  of  the  day,  and  is  often  exposed  to  the  midday 
sun.  The  liability  to  the  disease  increases  with  the  length  of  resi- 
dence in  the  tropics.  Predisposing  causes  are  any  previous  illness, 
alcoholism,  and  overwork.  Fales  states  that  he  found  30  per  cent, 
of  the  men  and  50  per  cent,  of  the  women  who  had  resided  for  a 
year  or  longer  in  the  Philippine  Islands  the  subjects  of  such  severe 
neurasthenia  as  to  be  semi-invalids.  In  our  experience  the  disease 
is  extremely  common  all  over  the  tropics  in  Europeans  as  well  as 
in  the  natives  of  the  educated  class. 

Symptomatology. — In  addition  to  the  ordinary  signs  of  neuras- 
thenia, the  tropical  form  seems  to  markedly  affect  the  vascular 
system;  palpitation  is  very  common,  and  the  patients  suffer  from 
various  kinds  of  phobia,  especially  relating  to  diseases  of  the 
tropics. 

Treatment. — ^The  best  treatment  is  rest  and  change  of  climate 
and  mild  hydropathic  treatment.  If  this  is  not  possible,  hypo- 
dermic injections  of  sodium  glycero-phosphate — O'l  gramme  daily 
in  bad  cases — or  some  form  of  glycero-phosphate,  with  or  without 
polyformates,  by  the  mouth  in  mild  cases,  may  be  tried.  The 
patient  should  discontinue  cold  baths,  and  should  use  warm  baths, 
which  should  be  taken  at  night  if  there  is  sleeplessness.  Bromides 
are  occasionally  useful. 

Prophylaxis. — As  in  some  cases  the  disease  is  predisposed  by 
exposure  to  the  sun,  protection  is  required  against  the  sun's  rays 
by  topees  lined  with  red,  and,  if  necessary,  by  red  underclothing 
or  clothes  made  from  the  '  solaro  '  fabric  already  mentioned,  and 
by  avoidance  of  the  midday  sun  as  much  as  possible,  and  the  total 
alDStinence  from  alcohol. 

In  persons  who  are  compelled  to  work  hard  under  unfavourable 
conditions,  change  to  the  temperate  zone  at  relatively  short 
intervals — i.e.,  about  once  in  two  or  three  years— is  most  necessary. 
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ENDEMIC  PERIPHERAL  NEURITIS. 

Synonym. — Akatama. 

Definition. — Endemic  peripheral  neuritis  is  a  disease  of  unknown 
origin,  characterized  by  numbness  and  intense  prickling  and 
burning  sensations  in  the  presence  of  cold  or  damp,  which  are 
temporarily  relieved  by  the  application  of  dry  heat. 

History. — ^The  disease  was  first  noticed  by  Wellman  in  Central 
Africa  in  1896,  and  described  by  him  in  1903.  It  affects  3  to  5  per 
cent,  of  the  Bantu  people,  who  are  by  profession  porters,  and  are 
much  impeded  in  their  work  by  this  complaint,  which  affects  young 
and  old,  male  and  female  alike.  Their  staple  food  is  maize,  which 
is  eaten  partially  cooked. 

Climatology. — ^The  disease  is  found  in  that  plateau  of  Africa 
which  is, 5,000  to  6,000  feet  high,  and  is  situated  between  13°  to 
14°  south  latitude,  and  is  inhabited  by  the  Bihe,  BaUundo,  and 
Andulu  peoples,  all  of  whom  are  Bantus. 

etiology. — Wellman  was  unable  to  find  any  causative  organism 
in  the  blood  or  faeces.  Some  of  the  natives  also  suffered  from 
filariasis,  agchylostomiasis,  and  bUharziosis,  but  these  were  adven- 
titious. His  theories  are  that  it  may  be  caused  by  cold,  fermented 
maize,  or  nerve-starvation  ;  but  he  is  not  satisfied  with  any  of 
these  hypotheses. 

Morbid  Anatomy. — In  bad  cases  there  is  some  swelling,  erythema, 
and  slight  oedema  of  the  affected  part ;  still,  biopsies  of  the  skin 
revealed  nothing,  and  post  mortem  the  nerves  were  found  normal. 

Symptomatology. — ^The  disease  usually  begins  with  shooting, 
pricking,  or  crawling  pains  in  'the  legs  and  forearms,  accompanied 
by  numbness,  together  with  an  erythematous  rash  and  swelling  of 
the  affected  area.  All  these  symptoms  are  increased  by  cold  and 
damp,  and  diminished  by  heat  and  dryness.  They  may  also  appear 
on  the  thighs  and  arms,  and  occasionally  on  any  part  of,  or  all  over, 
the  body.  The  gait  is  peculiar,  the  patient  appearing  to  walk  on 
the  toes  and  heels.  The  disease  may  last  for  years,  but  spon- 
taneous recovery  is  known. 

Diagnosis. — The  diagnosis  is  easy,  for  it  is  distinguished  from 
beri-beri  by  the  absence  of  pain  in  the  calves,  by  the  absence  of  the 
heart  symptoms,  and  of  the  paralysis ;  from  elephantiasis  by  the 
swelling  being  transitory  ;  and  from  malaria  by  an  examination  of 
the  blood. 

Prognosis.— This  is  good  as  to  life  and  general  health,  though  the 
course  of  the  malady  may  be  very  protracted. 

Treatment. — No  method  of  treatment  is  known  to  do  any  good. 

ERYTHROMELALGIA  TROPICA. 

Under  this  term  Gerrard  describes  a  nerve  condition  in  which 
natives  who  work  barefoot  on  roads  and  plantations  in  Malaya 
complain  of  a  feeling  of  pins  and  needles  in  the  soles  of  the  feet, 
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followed  by  an  acute  burning  sensation,  which  prevents  walking  and 
sleeping.  Malaria  is  assigned  to  be  the  cause.  The  treatment 
recommended  is  to  place  the  feet  in  hot  salt-water,  which  is  said  to 
give  great  relief. 

DESERT  HALLUCINATIONS. 

Synonym. — La  Ragle. 

D'Escayrac  de  Lauture  describes  hallucinations  of  the  senses  of 
sight,  hearing,  smell,  or  taste,  or  even  of  common  sensations,  which 
attack  persons  suffering  from  exhaustion  in  deserts.  The  causation 
is  probably  inanition.  Generally  the  attack  comes  on  at  night,  but 
it  may  occur  in  the  day-time,  when  it  is  considered  to  be  more 
serious.  Usually  hallucinations  are  visual,  and  thus  stones  look 
like  buildings  or  large  rocks,  while  caravans  or  files  of  soldiers  may 
be  seen  which  do  not  exist.     It  has  nothing  to  do  with  true  mirage. 
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CHAPTER  LIV 
SKIN  DISEASES:    PYOGENIC  INFECTIONS 

Pemphigus  contagiosus — Pyosis  tropica — Purulent  folliculitis  of  the  legs — 
Pyosis  palmaris — Dermatitis  rimosa — Dermatitis  bullosa  plantaris — 
Veldt  sore — References. 

PEMPHIGUS  CONTAGIOSUS. 

Historical  and  Geographical. — This  dermatosis  was  first  described 
by  Manson.  It  is  very  common  during  the  hot  season  in  China, 
the  Malay  Peninsula,  Ceylon,  and  Southern  India,  and  probably 
in  many  other  parts  of  the  tropics.  Very  often  epidemics  occur 
among  the  crews  of  men-of-war  stationed  in  the  tropics,  as  observed 
by  Clayton. 

.ffitiology. — Manson  found  a  diplococcus ;  other  observers  have 
described  Leishmania-like  bodies  ;  in  Clayton's  and  our  experience 
the  examination  of  the  contents  of  the  vesicles  shows  the  presence 
of  cocci  generally  arranged  in  pairs,  and  having  often  a  gonococcus- 
like  shape.  They  are,  however.  Gram-positive,  and  in  cultures 
present  all  the  characters  of  the  Staphylococcus  -pyogenes  aureus 
and  albus.     The  disease  is  probably  spread  by  contact. 

Symptomatology. — ^The  affection  has  nothing  to  do  with  that 
group  of  diseases  to  which  writers  on  dermatology  apply  the  term 
'  pemphigus,'  for  it  is  much  more  closely  related  to  impetigo.  The 
eruption  attacks  generally  the  axilla,  the  inguinal  and  crural  regions, 
from  whence  it  often  extends  to  the  abdomen  and  back  and  limbs ; 
rarely  affecting  the  face.  It  is  extremely  contagious,  and  is  gener- 
ally more  severe  in  individuals  who  perspire  profusely  and  suffer 
from  prickly  heat.  The  eruption  is  made  up  of  flattened,  roundish 
vesicles,  which  quickly  enlarge  to  the  size  of  a  small  pea.  Very 
large,  flabby,  pemphigoid  bullae  may  occur,  but  not  very  frequently. 
The  contents  are  at  first  transparent,  but  soon  become  turbid. 
The- vesicles  are  often  surrounded  by  a  pinkish  or  reddish  inflam- 
matory halo.  On  being  pricked,  the  vesicle  collapses.  The  erup- 
tion does  not  usually  affect  the  general  health,  but  may  be  very 
persistent.  As  soon  as  the  patient  goes  to  the  hills  or  to  a  cool 
climate  it  disappears  spontaneously. 
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chkken^Dox  ^Thl'ih  generally  easy,  the  only  difficulty  being  with 
which    in    P.  J^^   absence  of  fever  and  the  situation  of  the  vesicles, 

Txilarv  reS^f r'  ''"^^^^^'T.  "i^^^^^  ^PP^^^  i"  the  crura 
Thi  aKc  ^  T'  hpT''^'''  ^^°^^d  be  sufficient  to  exclude  this 
S^tagiosa  '      """""'^  ^''^°^'  differentiates  the  disease  from  impelSgo 

twl'p^d^W  l;;;;?^^^  ^  w*^^  ^x§^°"'  '^°"1^  ^e  disinfected  regularly 
twice  daily  with  a  solution  of  perchloride  of  mercury  (i  in  i  ooof 

htdro^'.n"''^  ^'/T  """'■''  P^""-nganate  of  potash^i  n  JZ  ! 
ence  bf.?  ^f'T?'  ^f  P«^, <=«"*•)'  cyllin  (i  in  300),  or.  in  our  etperl: 
are  nrfrlrl  L  ?i?^°™.^3  to  5  per  cent.).  After  this  the  vesicles 
^nfiL  f  '  ^  *u®-  P^'^*^  ^Sam  washed  with  the  disinfectant,  an 
antiseptic  powder  being  then  thickly  applied,  such  as  • 


Acidi  borici . . 
Talci  ven.     .  . 


5i. 
Si. 


Europhen     . .  ...         . ,  « 

Talci  ven.     ..  ..  . .'  .'_'  "     Ij" 

Dermatol     .  .  .  .  .  .  . .     ^^i 

Talci  ven.     . .  .  .  .  _  . .     ki 

In  some  patients  an  ointment  (europhen,  2  per  cent.  ;  protargol 
5  per  cent.)  answers  better  ;  the  protargol  ointment  should  never  be 
used  for  the  face,  as  it  discolours  the  skin  after  a  time.  After  the 
eruption  has  disappeared,  it  is  advisable  to  use  some  Condy's  Fluid 
or  other  disinfectant  in  the  bath  to  prevent  relapses;  and,  if  the 
skin  is  not  too  tender,  a  formalin  soap  may  be  regularly  used.  The 
underclothing  should  be  regularly  dusted  with  one  of  the  above 
powders. 

PYOSIS  TROPICA. 

Synonym. — Kurunegala  Ulcers. 

Urider  the  name  '  pyosis  tropica '  Castellani  has  described 
a  skin  disease  very  common  in  Ceylon  and  Southern  India. 
In  Ceylon  it  is  called  by  the  natives  Kurunegala  sore,  as  it  is 
especially  common  in  that  district. 

.ffitiology. — ^The  disease  is  probably  due  to  the  usual  pyogenic 
cocci,  and  is  allied  to  the  ordinary  impetiginous  and  ecthjmiatous 
conditions,  though  much  more  severe. 

Symptomatology. — The  patient,  generally  a  young  boy  or  girl, 
though  adults  may  also  suffer,  presents  on  the  legs,  arms,  and  occa- 
sionally all  over  the  body  except  the  face,  numerous  crusty  lesions, 
occasionally  rupia-like,  of  a  dirty  blackish  or  yellowish  colour.  If 
the  thick  crust  is  removed,  a  shallow  ulcer  with  an  irregular  margin 
and  granulating  fundus  will  be  seen,  or  a  small  flattened,  or  hemi- 
spheric nodule  the  size  of  a  pea,  with  a  pinkish,  smooth  surface. 
Besides  these  large  lesions  small  papulo-vesicles  and  minute  pustules 
are  often  present.  The  larger  lesions  are  frequently  surrounded  by  a 
halo  of  hyperpigmentation.     There  is  severe  pruritus.     On  healino, 
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also,  the  ulcers  and  nodules  leave  a  zone  of  hyperpigmentation  or 
more  rarely  apigmentation.  In  chronic  cases  plaques  of  hyper- 
cheratosis  may  develop,  especially  on  the  exterior  regions  of  the 
arms  and  the  elbows. 

Diagnosis. — On  superficial  examination,  the  disease  might  be 
easily  mistaken  for  framboesia.  In  contrast  to  frambcesia,  the 
lilcers  are  superficial,  and  the  nodules  are  generally  small,  have  no 
moriform  surface,  and  in  scrapings  from  the  lesions  the  Treponema 


■  Fig.  349. — Pyosis  tropica. 
The  white  patches  are  in  reality  thick  yellow  crusts. 

pertenue  is  absent.    From  scabies  it  is  distinguished  by  the  absence 
of  furrows  and  absence  of  the  Acarus. 

Prognosis  and  Treatment.— If  the  disease  is  not  properly  tredted, 
it  has  a  tendency  to  become  chronic.  The  treatment  consists  in 
removmg  the  crusts  by  soaking  them  with  a  salicylic  oil,  made 
accordmg  to  the  following  formula  : 

Acidi  salicylici  .  .  . .  . .  . .         gi-_  xxx. 

Olei  ricini         . .  .  .  . .  .  .  \\         q  s_ 

Oleiolivae         '.  ad  giv. 

or  by  compresses  soaked  in  hot  boric  lotion. 
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All  the  lesions  are  then  disinfected  with  a  solution  of  perchloride 
of  mercury  (i  in  1,000),  carbolic  acid  (2  per  cent.),  cyllin  (i  in  300), 
or  permanganate  of  potash  (i  in  4,000).  A  slightly  antiseptic 
ointment  is  then  applied,  such  as  europhen  (2  per  cent.),  iodoform 
(2  per  cent.),  protargol  (5  per  cent.).  An  ointment  which  in  our 
experience  is  often  efficacious  is  /S-naphthol  gr.  v.,  acidi  carbolici 
gr.  X.,  vaselini  ad  §i.  In  some  cases  the  opsonic  treatment  gives 
satisfactory  results.  The  vaccine  should  be  prepared  with  staphy- 
lococci grown  from  the  lesions. 

PURULENT  FOLLICULITIS  OF  THE  LEGS. 

This  affection  is  common  in  Ceylon  and  Southern  India,  in  the 
former  especially  among  the  Moormen.  The  patient  presents  on 
his  legs — especially  the  extensor  region — numerous  whitish  conical 
pustules.  Each  pustule  is  pierced  by  a  hair.  The  pustules  remain, 
as  a  rule,  separate,  do  not  increase  in  size  to  any  extent,  and  do  not 
coalesce  nor  form  crusty  lesions.  After  a  time  the  skin  of  the  legs 
may  show  a  peculiar^parchment-like  appearance.  The  examination 
of  the  pus  contained  in  the  pustules  shows  the  presence  of  the 
ordinary  staphylococci.  The  disease,  if  left  untreated,  runs  a  very 
long  course.  The  treatment  consists  in  depilation,  application  of 
antiseptic  dressings,  and,  later,  the  application  of  an  antiseptic 
ointment  or  paste.  In  obstinate  cases  the  opsonic  treatment, 
carried  out  with  a  vaccine  prepared  from  the  staphylococci  grown 
from  the  lesions,  gives  good  results. 

PYOSIS  PALMARIS. 

This  is  a  rare  disease  met  with  in  native  children.  It  is  charac- 
terized by  the  presence  of  numerous  discrete,  conical,  white  pustules 
on  the  palms  of  the  hands.  The  pustules  do  not  coalesce  together 
nor  form  crusts  ;  they  are  not  surrounded  by  any  marked  mfiam- 
matory  halo.  Pruritus  is  slight  or  absent.  The  ordinary  pyogenic 
cocci  are  found  in  the  pus,  but  probably  these  are  not  the  true  cause 
of  the  eruption,  inasmuch  as  neither  the  ordinary  antiseptic  treat- 
ment nor  the  opsonic  treatment  are  of  much  use.  The  affection 
is  differentiated  from  scabies  by  the  pustular  lesions  not  spreading 
outside  the  palms,  by  the  absence  of  furrows  and  acari,  and  by  the 
inefiicacy  of  any  anti-scabies  treatment. 

DERMATITIS  RIMOSA  OF  THE  TOES. 

Synonym. — Mango  toe. 

In  India,  Ceylon,  and  many  other  tropical  countries  a  peculiar 
dermatitis  of  the  toes  is  common,  which  is  the  cause  of  great  dis- 
tress to  European  residents,  especially  during  the  hot  season.  The 
patient  first  complains  of  great  itching  between  the  toes,  without 
their  being  present  any  papular  or  vesicular  lesion.     On  scratching 
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to  relieve  this  itching,  portions  of  the  epidermis  become  removed,  and 
small  superficial,  red,  irritable  abrasions  are  seen.  These  become 
deeper,  and  may  become  infected  by  the  ordinary  pyogenic  cocci ; 
deep,  extremely  painful  fissures  appear  between  the  toes  in  almost 
all  the  cases.  This  dermatitis  is  difficult  to  cure,  but  disappears 
rapidly  on  the  patient  going  to  the  hills  or  to  Europe.  The  treat- 
ment consists  in  keeping  the  patient  at  rest  for  a  few  days,  dressing 
the  affected  parts  continuously  with  diluted  carbolic  lotion  (|  per 
cent.),  or  resdrcin  lotion  (^  to  i  per  cent.),  and  later  applying  a 
zinc  oxide  paste,  hazeline  cream,  or  a  bismuth-boric  ointment 
(bismuth  subnitratis,  gr.  xxx. ;  acidi  borici,  gr.  xv. ;  vaseline, 
lanoline,  aa  3iv.).  The  stockings  should  be  whitfe,  and  should  be 
changed  at  least  twice  daily,  and  should  be  boiled  before  use.  A 
little  boric  powder  may  be  sprinkled  in  them. 

DERMATITIS  BULLOSA  PLANTARIS. 

Cantlie  has  called  attention  to  a  peculiar  dermatitis  of  the  toes 
and  soles  of  the  feet,  which  has,  apparently,  some  resemblance  to 
dermatitis  rimosa  of  the  toes,  though  it  is  far  more  severe.  He 
calls  the  affection  '  foot- tetter.'  It  commences  with  blebs  on  the 
sole  of  the  foot.  The  blebs  ultimately  break,  and  by-and-by  bare 
scaly  flakes  of  skin  form,  and  extend  all  over  the  sole  and  between 
the  toes.  There  is  intense  itching.  Occasionally  it  spreads  to 
other  parts  of  the  body.  It  usually  dies  away  in  the  cold  season, 
but  recommences  in  the  hot  season.  According  to  Cantlie,  patients 
who  have  returned  to  Europe  see  their  affection  reappearing  regu- 
larly every  summer  for  ten  or  twenty  years  after  leaving  the  tropics. 
The.  cause  of  the  disease  is  unknown.  Cantlie  recommends  as  a 
palliative  the  application  of  pastes  and  plasters  ;  Manson  advises 
the  use  of  a  daily  foot-bath  of  a  2  per  cent,  solution  of  carbolic  acid 
for  half  an  hour. 

VELDT  SORE. 

Synonyms.  —  Natal  Sore,  Barkoo  Rot,  Ulcerative  Dermatitis 
(A.  Plehn). 

This  sore  is  very  common  in  South  Africa,  and  during  the  Boer 
War  the  British  Army,  especially  the  mounted  troops,  suffered 
from  it  greatly.  We  have  seen  cases  in  Tropical  Africa,  and  the 
same  affection,  or  a  very  similar  one,  has  been  described  in  Australia 
(Queensland),  where  it  is  known  under  the  name  of  Barkoo,  or 
barkoo  rot. 

etiology. — ^The  disease  is  probably  due  to  the  ordinary  pyogenic 
cocci.  Harland  grew  the  Staphylococcus  aureus  from  his  cases  ;  in 
our  cases  we  found  a  streptococcus.  Harman,  also,  has  found  a 
streptococcus  in  his  cases,  which  he  calls  Streptococcus  vesicans. 

Symptomatology. — This  affection  begins  as  very  small  superficial 
itching  papules,  which  rapidly  become  papulo-vesicles  or  pustules 
and  coalesce,  forming  a  crusty  lesion  the  size  of  a  threepenny- 
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piece  to  a  crown.  If  the  crusty  exudation  be  removed,  the  sore 
will  appear  in  most  cases  as  a  superficial,  very  shallow  ulcer,  with  a 
red  fundus  and  roundish  or  somewhat  festooned  margins.  The 
ulcer  exudes  a  fluid  pus  which  soon  dries  into  a  thin,  crusty  mass. 
The  ulcer  may  be  painful,  but,  especially  at  the  beginning,  there 
is  frequently  more  itching  than  pain.  The  proximal  lymphatic 
glands  may  be  enlarged.  Several  such  sores  may  be  present  at  the 
same  time.  The  hands,  forearms,  feet,  and  legs  are  mostly  affected. 
Harman  has  seen  as  many  as  twenty  such  sores  on  one  man.  The 
duration  of  the  affection  varies  between  one  and  three  months,  but 
occasionally  may  last  as  long  as  six  months. 

Treatment. — The  treatment  consists  in  keeping  the  sores  dressed 
with  antiseptic  lotions,  or  in  washing  the  sores  with  a  disinfecting 
lotion,  and  then  applying  an  antiseptic  powder,  paste,  or  ointment, 
such  as  europhen  (i  to  3  per  cent.),  iodoform  (i  to  3  per  cent.), 
protargol  (5  to  10  per  cent.)  or  calomel. 

REFERENCES. 
Pemphigus  contagiosus. 

Castellani  (1904-1909).     Ceylon  Medical  Reports. 
Manson  (1909).     Tropical  Diseases. 

Pyosis  tropica.  , 

Castellani  (1904- 1909).     Ceylon  Medical  Reports. 

Purulent  Folliculitis  of  the  Legs. 

Castellani  (1904- 1909).     Ceylon  Medical  Reports. 

Pyosis  palmaris. 
Castellani  (1904- 1909).     Ceylon  Medical  Reports. 

Dermatitis  rimosa. 

Castellani  {1904- 1909)-     Ceylon  Medical  Reports. 
Dermatitis  bullosa  plantaris. 

Cantlie  (1908).     Journal  of  Tropical  Medicine. 
Castellani  (1904- 1909).     I^id. 
Harman  (1908).     British  Journal  of .  Dermatology. 
Manson  (1908).     Journal  of  Tropical  Medicine. 
Morris  (1908).     British  Journal  of  Dermatology. 

Veldt  Sore. 

Crocker  (1907).     Diseases  of  the  Skin. 
Harman  (1902).     Journal  of  Pathology. 


68 


Due  to  fungi  of  the  genus  Epi- 
dermophyton  Sabouraud  1907 


CHAPTER  LV 

SKIN   DISEASES  {continued)— T'RO?\CAl. 
DERMATOMYCOSES 

Tropical  dermatomycoses — Tinea  cruris — Tinea  albigena — Tinea  alba — Tinea 
sabouraudi — Tinea  nigro-circinata — Tinea  imbricata — Tinea  intersecta — 
Tinea  flava — Tinea  nigra — Blastomycosis — Sporotrichosis — ^Aspergil- 
losis— Pennicilliosis — Pinta — References. 

Tropical  dermatomycoses — that  is  to  say,  tropical  skin  diseases 
caused  by  fungi  higher  than  bacteria — may  be  classified  as  follows  : 

Tropical  Dermatomycoses. 

Ep.    cruris  Castellani,  Tinea   cruris, 

dhobie  itch 
Ep.    perneti    Castellani,    variety    of 

Tinea  cruris. 
Ep.    rubrum    Castellani,    variety    of 

Tinea  cruris. 
T.    albiscicans    Nieuwenhuis,    Tinea 

albigena. 
II.  Due  to  fungi  of  the  genus  Tricho-  I  ^-  j^ac/a&^mCajtellaiii  Tinea  alba. 
phyton  Malmsten  1845  \  ^2^       Castellani,  Tmea  sabou- 

I  T.  ceylonense  Castellani,  Tinea  nigro- 
circinata. 

I  En.   concentricum  Blanchard,    Tinea 

III.  Due  to  fungi  of  the  genus  Endo-j  imbricata. 

dermophyton  Ca.ste\\a.ni  igog     \En.   castellanii    Perry,    Tinea   inter- 
im        secta. 

IV.  Due  to  fungi  of  the  genus  Malas-  \  nr  4    j.-      /-in      ■   i-        o 

sezia  Baillon  1889  ]^-  "'°P^'"'  Castellani,  Tmea  flava. 

^-  "^  Ca^tellat  "got  '^"^"^  "^""l^-  — '^  C-t^"-^-  ^-ea  nigra. 

VI.  Due  to  fungi  of  the  genus  Afio-o-Zilf.    minutissimus     Burchardt,     ery- 
sporoides  Neveu-Lemaire  1906  ^^         thrasma. 

VII.  Due  to  fungi  of  the  genera  Sac-  [ S.  gilchristi  and  other "l  Varieties  of 
charomyces  Meyer  1838;-!  as  yet  not  well-de- [-  tropical  blas- 
Cryptococcus  Kiitzing  1872       {     termined  species.     J     tomycosis. 

VIII.  Due  to  fungi  of  the  genus  S/Jora-fS.    indicum    Castellani,    Variety    of 


trichum  Link  1809  \         tropical  sporotrichosis. 
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IX.  Due  to  fungi  of  the  genera  As-("^-  ^t^^.'^  Castellani.  AspergUlosis  of 

per^illus  mc\i^\i  i-j2y;  Peni-\  r>    ^^T^  P^h,      •     o     ■  •„-    •       x 
cillium  Link  1800  ^-  '""'*'»  Castellani,   Penicilliosis  of 

\.         hairy  parts. 

{Aspergillus  Micheli  1725     "i 
PeniciUium  Link  1809         [  p^ 
Momha  Persoon  1801  j  '^'"'^'^• 

Montoyella  Castellani  1907J 
)T.  giganteum  Behrend,  piedra. 
<;,,»^;»„   o„       4-       +r  Tropical     varie- 
'^Wf  dt  eJminrd'       tiL  of  nodular 
[     trichomycosis. 

TINEA  CRURIS. 

Synonyms. — Dhobie  Itch,  Tinea  Inguinalis,  Eczema  Marginatum. 

Historical  and  Geographical. — ^Tinea  cruris  is  extremely  common 
all  over  the  tropics  ;  it  is  met  with  also  in  subtropical  regions,  and 
in  temperate  zones,  being  first  described  by  Hebra  in  Europe,  where 
it  is  now  well  known  owing  to  the  researches  of  Sabouraud  and 
Mibelli.  In  1905  Castellani,  as  the  result  of  the  investigation  of 
numerous  cases,  came  to  the  conclusion  that  it  should  be  separated 
from  the  ordinary  forms  of  tinea  corporis,  the  fungi  causing  dhobie 
itch  being  different  species.  Macleod  suggested  the  name  Tinea 
cruris  for  the  affection.  In  1907  Sabouraud  created  the  genus 
Epidermophyton,  the  fungi  found  in  Tinea  cruris. 

yEtiology. — ^According  to  Castellani's  researches,  at  least  three 
different  species  of  epidermophytons  may  give  rise  to  the  eruption — 
Ep.  cruris,  Ep.  perneti,  Ep.  rubrum — and  there  are  probably  several 
varieties  of  each  species. 

Epidermophyton  cruris  Castellani  1905  (synonyms.  Trichophyton 
cruris  Castellani  1905,  Epidermophyton  inguinalis  Sabouraud  1907, 
Trichophyton  castellanii  Brooke  1908). — This  is  the  commonest 
species  ;  in  Ceylon  the  majority  of  the  cases  are  due  to  it. 

The  fungus  is  very  abundant  in  recent  cases,  but  it  is  extremely 
scarce  in  cases  of  old  standing.  The  mycelial  tubes  in  fresh  cases 
are  generally  straight,  have  often  a  double  contour,  and  the  seg- 
ments are  rectangular,  their  breadth  being  34  A'  to  44  /* ;  branching 
is  not  rare ;  the  spores  are  rather  large  (4  to  7  /*),  roundish,  and 
present  a  double  contour  ;  they  never  collect  in  clusters.  In  chronic 
cases  degeneration  forms  of  the  fungus  are  met  with  ;  the  mycelmm 
may  be  banana-shaped,  presenting  several  constrictionsy  or  long 
strings  of  ovoid  elements  may  be  seen. 

The  fungus  is  easily  grown  by  using  sugar  media,  of  which  the 
best  is  Sabouraud's  maltose  agar.  In  cases  of  old  standmg  the 
fungus  is  grown  only  with  great  difficulty,  owing  to  the  scarcity  of 
it  in  the  lesions  ;  the  material  to  be  inoculated  must  be  taken  from 
the  edges  of  the  lesion.  The  growth  begins  to  be  visible  after  five 
to  nine  days  ;  the  rate  of  growing  is  very  slow.  After  three  to  four 
weeks  the  colonies  are  often  about  1  inch,  and  even  much  more,  in 
diameter     The  colonies  are  often  orbicular-shaped,  hard,  and  with  a 
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pulverulent  surface.     The  colour  at  first  is  greyish-yellowish,  with 
occasionally  a  greenish  tinge  ;  later  it  becomes  greyish  white. 

Inoculation  experiments  on  man  with  pure  cultures,  with  the 
object  of  reproducing  the  disease,  were  tried  by  Sabouraud  and 
Castellani,  but  without  success. 

'  Efidermophyton  perneti  Castellani  1907. — This  Epidermophyton, 
which  has  been  investigated  by  Pernet,  is  microscopically  very 
similar  to  Ep.  cruris;  the  cultural  characters,  however,  are  different, 
the  fungus  growing  much  more  rapidly,  and  presenting  a  pinkish 
colour,  which  is  always  lost  in  subcultures.  This  fungus  is  found 
in  very  rare  cases  only.  Clinically  the  lesions  caused  by  it  are  in- 
distinguishable from  those  caused  by  Ep.  cruris. 

Epidermophyton  ruhrum  Castellani  1909. — In  fresh  preparations 
the  fungus  resembles  Ep.  cruris  and  Ep.  perneti,  but  the  mycelial 
segments  are  often  shorter. 

In  glucose-agar  and  Sabouraud's  agar  the  growth  shows  a 
beautiful  deep  blood-red  colour,  which  is  not  lost  in  subcultures. 
In  ordinary  agar  cultures  the  pigment  is  always  absent,  the 
growth  being  of  a  whitish-grey  or  slightly  greenish  colour. 

Symptomatology. — The  term  '  dhobie  itch  '  is  used  very  loosely  in 
the  tropics  by  the  lay  public  to  denote  practically  any  pruriginous 
skin  affection.  The  term  is,  however,  specially  used  to  denote  a 
form  of  severe  pruriginous  affection  which  mostly  affects  the  inner 
surface  of  the  thighs,  occasionally  the  axillae,  and,  in  stout  women, 
the  regions  under  the  breasts.  It  is  in  this  stricter  meaning  that 
the  term  is  used  by  medical  men  practising  in  the  tropics. 

The  clinical  features  of  the  affection  correspond  to  Hebra's 
'  eczema  marginatum.'  In  a  well-marked  case  the  perineum, 
scrotum,  and  the  inner  surface  of  the  thighs  present  large  festooned 
patches,  with  an  elevated  abrupt  margin  ;  the  whole  of  the  patches 
are  bright  red,  or,  in  a  later  period,  the  margin  only  is  red,  while 
the  rest  of  the  patch  is  of  a  fawnish  colour,  or  even  of  normal  colour. 
The  pruritus  is  unbearable.  Owing  to  scratching,  a  secondary 
pyogenic  infection  or  an  eczematous-like  dermatitis  may  develop. 
The  disease,  if  not  properly  treated,  is  extremely  chronic  ;  the 
condition  improves  during  the  cold  season,  but  gets  worse  again 
during  the  hot  months.  Patients  who  suffer  badly  from  dhobie 
itch  may  get  almost  well  in  a  few  days,  without  any  treatment, 
on  going  to  the  hills ;  on  coming  back  to  the  plains  the  pruritus 
and  all  the  other  symptoms  reappear.  The  affection  has  been 
known  to  last  for  many  years.  It  is  to  be  noted  that  after  a  time 
the  eruption  may  spread  to  the  other  parts  of  the  body — the  abdo- 
men, the  trunk,  legs,  etc.  In  such  situations  it  may  develop  in 
rings,  or  may  form  soHd  elevated  dark  red  patches ;  .while  the 
disease  may  be  clinically  indistinguishable  from  ordinary  tinea 
circinata.  It  is  to  be  noted,  however,  that  the  rings  have  generally 
a  thicker  edge,  and  the  patches  are  coarser,  of  a  deeper  red  colour, 
and  larger  than  in  ordinary  tinea  circinata.  Mixed  infections  of 
tinea  cruris  and  tinea  circinata  may  occur,   presenting  the  two 
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^Z%ol7%TJ^^  f """  patient  though  in  different  regions  of 
r/v«v  ■;  tI  y^  such  cases  have  been  described  by  one  of  us. 
CJimcal  Vanehes.-Th^  above  description  mostly  applies  to  the 
disease  as  produced  by  Epidermophyton  cruris  InAEp  pernl 
from  th.  '  "^"k  *°  ^f-  "^^^^'^  *h^  ^ff^^^t^d  parts  often  present 
h;r.;.LlT^  beginnmg  an  eczematoid  appearance,  the  patches 
.lTv!tf>,  ;>  '''^  covered  with  pityriac  squams,  and  often,  especi- 
ally at  the  edge,  with  minute  bloody  crusts.  The  edge  is  not  so 
elevated  as  in  the  other  types  of  Tinea  cruris.  This  typlof  T.  cruris 
has  great  tendency  to  spread  to  other  parts  of  the  body 

Commumcability.— Tinea  cruris  is  known  in  the  East  as  dhobie 
itch,  from  the  popular  belief  that  it  is  contracted  from  linen  which 


Fig.   350.  —  Tinea  cruris  in  a   European. 
From  the  same  case  as  the  coloured  plate. 

has  been  contaminated  while  being  washed  by  the  dhobie  (native 
laundryman).  As  to  how  far  this  belief  is  correct  we  are  not  in  a 
position  to  say.  We  have  never  succeeded  in  finding  the  fungus 
in  clothes  newly  received  from  the  dhobie,  either  microscopically 
or  by  inoculating  small  portions  of  the  linen  in  sugar  media.  We 
are,  however,  inclined  to  think  that  the  popular  belief  may  be  to 
a  certain  extent  correct.  We  have  been  told  by  old  sufferers  from 
dhobie  itch,  who  used  to  be  frequently  reinfected,  that  on  their 
ceasing  to  give  their  clothes  to  the  dhobie,  and  having  them  washed 
in  the  house  instead,  the  disease  did  not  again  affect  them.  In 
Colombo  dhobies  are  in  the  habit  of  washing  the  clothes  in  a  lake. 
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or  in  small  pools  of  water  more  or  less  stagnant.  It  it  certain  that 
clothes  belonging  to  infected  persons  are  washed  together  with 
other  clothes.  Dhobie  itch  is  very  contagious;  true  epidemics 
occur  in  schools  and  among  soldiers  in  barracks. 

Diagnosis. — The  diagnosis  is  easy  in  recent  cases,  the  festooned 
appearance  of  the  eruption,  limited  by  a  sharp,  elevated,  bright-red 
edge,  being  quite  typical.  In  old  cases,  especially  when  secondary 
lesions  due  to  scratching  are  present,  the  diagnosis  may  be  very 
difficult,  the  affection  beiing  often  mistaken  for  eczema. 

In  doubtful  cases  the  microscopical  examination  will  be  of  great 
help.  It  must,  however,  be  noted  that  in  old  cases  the  fungus  may 
be  extremely  scarce,  the  mycelium  being  practically  absent,  and 
only  a  few  spores  being  found  ;  it  is  well  to  take  the  scrapings  for 
microscopical  examination  from  the  edge  of  the  eruption.  The 
differential  diagnosis  must  be  made  from  erythrasma,  intertrigo, 
and  eczema. 

In  erythrasma  the  patches  have  a  fawnish  or  dark  reddish  colour, 
and  present  often  a  fine  pityriasic  desquamation ;  the  eruption  is 
not  limited  by  a  raised  red  edge  ;  the  fungus  Microsporo'ides  minu- 
tissimus  is  quite  different  from  the  fungi  found  in  dhobie  itch. 

Intertrigo  is  very  common  in  the  tropics,  especially  in  corpulent 
.persons.  The  lesions  are  very  superficial,  have  not  a  festooned 
contour,  and  the  margin  is  not  sensibly  elevated  ;  no  Epidermo- 
phyton  or  Trichophyton  like  fungi  are  found.  Saccharomycetic 
intertrigo  is  rare  ;  there  is  no  elevated  margin,  and  the  fungus  is 
found  to  be  a  Saccharomyces  (S.  samboni). 

Primary ^  eczema  of  the  scrotum,  and  of  the  skin  of  the  thighs  in 
contact  with  it,  is  as  frequent  in  the  tropics  as  it  is  in  temperate 
izones.  The  eczema  is  generally  of  the  moist  variety ;  the  moist 
surface,  the  absence  of  the  festooned  elevated  margin,  distinguish 
it  from  tinea  cruris.  As  already  stated,  however,  an  eczematous- 
Jike  dermatitis  due  to  scratching  often  develops  after  a  time  on  old 
dhobie  itch  lesions. 

;  Prognosis. — If  the  affection  is  not  energetically  treated,  it  has  a 
tendency  to  become  very  chronic  and  last  for  years.  Occasionally 
the  eruption  spreads  to  the  whole  body,  forming  rings  or  solid 
patches  ;  at  other  times  a  distressing  dermatitis  develops  on  old 
dhobie-itch  patches,  due  to  scratching.  Tinea  cruris  may  dis- 
appear during  the  cold  season  or  when  the  patient  goes  to  the  hills, 
only  to  reappear  as  soon  as  the  hot  season  commences.  During 
the  period  of  quiescence  the  skin  of  the  affected  regions  often  shows 
a  brownish  discoloration,  furfuraceous,  somewhat  similar  to  ery- 
thrasma. 

Treatment. — In  tropical  practice  the  usual  treatment  is  a  chrysa- 
robin  or  go  a  powder  ointment.     Almost  all  the  so-called  dhobie-itch 
ointments  sold  as  patent  medicines  contain  goa  powder. 
Our  usual  line  of  treatment  is  as  follows  : 

Mild  Cases. — A  resorcin  salicylic  ointment  applied  twice  daily : 
Resorcin,  3i. ;  Ac.  salic,  gr.  x. ;  vaseline,  lanoline,  aa  3iv.     In  some 
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cases  we  use  Vleminckx'  solution  or  lotio  calcii  sulphurati  (slaked 
lime  4,  sublimed  sulphur  4,  distilled  water  35.  Boil  together, 
evaporate  and  filter  to  produce  20  of  solution),  pure  or  diluted. 

Severe  Cases.~We  use  a  chrysarobin  ointment  (2  to  5  per  cent.). 
The  result  is  generally  fairly  successful.  The  patient  should  be 
informed  that  the  medicine  stains  the  linen,  often  irritates  the  skin, 
and  that  occasionally  unpleasant  evidences  of  absorption  may 
take  place.  In  obstinate  cases  we  use  local  applications  of  turpen- 
tine-oil in  the  morning,  and  at  night  a  resorcin  saUcylic  ointment ;  if 
the  parts  are  much  inflamed,  at  night  simply  a  boric  ointment. 
This  treatment  gives  good  results.  Turpentine  is  generally  well 
borne,  but  patients  often  complain  of  a  smarting  and  burning 
sensation  a  quarter  or  half  an  hour  after  the  application.  Exception- 
ally one  meets  with  patients  who  cannot  stand  turpentine. 

Cases  complicated  with  Eczematous  Dermatitis  and.  Fissures. — In 
such  cases  one  is  apt  to  use  a  soothing  treatment  by  pastes,  lead 
lotions,  etc.,  with  the  idea  of  first  healing  the  eczematous  lesions. 
In  our  experience,  however,  when  the  microscopical  examination 
has  shown  the  presence  of  the  fungus,  it  is  best,  as  a  rule,  to  start 
an  energetic  antimycotic  treatment  at  once.  To  the  rhagades 
which  so  often  develop  in  the  inguinal  regions  we  apply  a  solution 
of  nitrate  of  silver  (arg.  nitr.,  gr.  xv.  ;  sp.  aeth.,  gi.).  We  touch 
with  this  solution  the  rhagades  and  the  moist  parts  ;  this  application 
is  somewhat  painful,  but  the  pain  soon  disappears,  and  the  fearful 
itching  is  relieved  almost  immediately  ;  moreover,  the  nitrate  of 
silver  destroys  the  fungus.  At  night  we  apply  a  resorcin  and 
salicylic  ointment  or  paste  all  over  the  eruption  ;*  as  soon  as  the 
parts  have  become,  less  moist,  we  begin  the  turpentine  or  the 
chrysarobin  treatment.  A  precaution  which  must  always  be 
observed  during  and  after  the  treatment  to  pirevent  reinfection, 
is  to  dust  all  the  undergarments  with  antiseptic  powder — for 
instance,  Hanson's  powder  (ac.  bor.,  zinc,  ox.,  amyH,  aa.  p.  aq.)  ; 
salicylic  powder  (ac.  saHcyl.,  gr.,  x.  ;  talci  venet.,  §i.)  ;  menthol 
powder  (menthol,  gr.  v. ;  alcphol,  q.s.  ;  talci  venet-.,  §i.) ;  ■  dermatol 
•powder  (dermatol,  gr.  x. ;  ac.  borici,  §i.).  It  is  advisable  to  wear 
small  bathing-pants,  which  can  be  washed  in  the  house. 

TINEA  ALBIGENA. 

This  trichophytosis  was  first  described  by  Nieuwenhuis  in  Java. 
Nieuwenhuis'  researches  have  been  confirmed  and  enlarged  by 
Jeanselme  in  Indo-China  and  in  Siam  ;  in  the  latter  country  the 
disease  is  known  as  khi.  The  disease  is  fairly  common  m  the  Malay 
Archipelago,  and  is  occasionally  met  with  m  Ceylon. 

iEtiology.— The  affection  is  due  to  a  Trichophyton  first  described 
by  Nieuwenhuis— r.  albiscicans  (Nieuwenhuis)  1907. 

*  If  the  eczematous  dermatitis  is  exceedingly  ^°^^l„f^'^:^^'}^^tl^^°^ 
the  resorcin  salicylic  paste,  a  lotion  of  resorcm  i  per  cent.,  or  glycerm,  borax, 
and  rose-water  equal  parts,  should  be  used. 
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The  spores  in  fresh  preparations  from  scrapings  are  almost  always 
absent ;  the  mycelium  tubes  are  straight,  occasionally  showing  a 
double  contour ;  they  are  often  dichotomous.  Nieuwenhuis  has 
grown  the  fungus,  using  Sabouraud's  sugar  media ;  the  growth  is 
very  slow ;  the  colonies  are  whitish,  and  show  a  powdery  surface. 

Symptomatology. — The  eruption  generally  affects  the  palms  of 
the  hands  and  the  soles  of  the  feet,  but  may  extend  to  the  fore- 
arms and  legs,  and  may  affect  the  nails.  It  begins  with  the  appear- 
ance of  small  pruriginous  spots  on  the  paJms  and  soles ;  the 
epidermis  becomes  raised,  and  bullae  develop,  containing  at  first 
clear  serum  ;  the  bullae  break,  and  the  skin  remains  dry  and  peels 


off ;  the  parts  remain  tender,  and  there  is  desquamation  and  pruritus. 
A  process  of  diffuse  keratosis  develops,  the  palms  and  soles  becoming 
double  their  usual  thickness ;  deep  fissures  may  be  formed  at  the 
natural  folds.  Several  horny  semi-detached  discs  can  often  be 
seen  at  the  dilated  orifices  of  the  sweat  glands.  The  affection  is 
very  chronic  ;  it  may  begin  in  youth  or  in  adult  life.  After  some 
time  a  process  of  apigmentation  of  the  skin  sets  in,  white  patches, 
leucoderma-like,  developing,  and  extending  often  to  the  lees  and 
arms. 

Treatment.— Tincture  of  iodine  and  chrysarobin  ointment  (i  to 
5  per  cent.)  answer  fairly  well,  but  the  apigmented  patches  are  not 
cured. 
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TINEA  ALBA. 

This  tichrophytosis  and  its  fungus  were  first  described  by  Castel- 
lani  m  1905.  The  disease  is  common  in  Ceylon,  Southern  India, 
and  probably  other  parts  of  the  tropics. 

^*iology.— The  eruption  is  due  to  a  Trichophytofir—T.  macfadyeni 
(Castellam)  1905— which  is  very  abundant  in  the  lesions.  Mycelium 
and  spores  are  of  very  small  dimensions  ;  the  mycelial  tubes  are 
regularly  shaped,  do  not  show  swellings,  and  are  about  2J  /^ 
in  breadth.  The  spores  are  numerous,  bu{  not  grouped  in 
clusters,  and  present  a  peculiar  oval  shape,  the  maximum  diameter 
being  24  /^  to  3^  jj.. 
The  fungus  is  very 
difficult  to  grow  ;  on 
the  rare  occasions 
when  the  inoculations 
are  successful  the 
growth  is  very  slow ; 
the  colonies  coalesce, 
forming  a  browny  mass 
with  deep  furrows,  and 
deeply  rooted  in  the 
media. 

Symptomatology. 
— It  may  affect  any 
region  of  the  body, 
but  is  specially  fre- 
quently noted  on  the 
arms  and  legs  ;  it  may 
occur  on  the  face. 
White  oval,  roundish, 
or  irregularly  shaped 
patches  are  seen;  the 
margins  are  slightly  elevated,  and  may  be  dotted  with  minute 
papules.  The  surface  of  the  larger  patches  presents  a  fine  pityriasic 
desquamation.     The  course  of  the  eruption  is  very  chronic. 

Treatment.— It  is  easily  cured  by  the  usual  antiparasitic  oint- 
ments, the  best  being  chrysarobin  ointment  (2  to  5  per  cent.). 


Fig.  352. — FuNGDS  of  Tinea  alba. 


TINEA  SABOURAUDI. 

This  trichophytosis  was  first  described  by  Sabouraud  in  patients 
returning  from  Indo-China,  Japan,  or  Tonkin.  We  have  seen  a 
few  cases  in  Ceylon. 

.etiology. — ^The  disease  is  caused  by  the  fungus  Trichophyton  hlan- 
chardi  (Ckstellani)  1905 — synonym,  T.  sabouraudi  (Castellani)  1905* 

*  The  term  T.  sabouraudi  cannot  be  applied  to  this  Trichophyton,  as  this 
name  has  already  been  used  for  another  Trichophyton — T.  sabouriudi 
(R.  Blanchard)  1905. 
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— which  cannot  be  grown  on  Sabouraud's  media  or  any  other  media 
we  have  tried.  Microscopically  the  mycelial  tubes  do  not  show  a 
double  contour,  and  are  not  very  straight ;  they  are  often  banana- 
shaped.  The  segments  of  the  mycelium  are  all  separated  ;  the 
mycelial  spores  are  roundish,  and  are  shed  without  forming  a  fila- 
ment by  their  union.     They  are  of  various  sizes. 

Symptomatology.— The  eruption  generally  commences  on  the 
uncovered  parts  of  the  body,  generally  on  the  legs ;  the  patients 
often  state  that  they  think  the  disease  is  due  to  prolonged  immer- 
sion in  stagnant  water.  The  affection  begins  with  erythematous 
patches,  the  surfaces  of  which  are  covered  with  minute  pityriasic 
squamae.  After  reaching  the  diameter  of  about  i  or  i|  inches,  the 
patches  become  circinate.  The  circination,  however,  is  incom- 
plete ;  it  is  only  segmentary.  In  dependent  positions  large  poly- 
cyclic  patches  may  be  seen,  but  only  one-half  or  one-third  of  the 
circles  are  clearly  seen,  the  rest  being  badly  defined.  The  base  of 
the  patches,  at  this  stage,  is  of  a  very  dark  bistre-brown  colour. 
The  border  shows  polymorphic  lesions,  fine  pit5niasic  squamae, 
minute  vesicles  and  papules.  The  pruritus  is  very  marked,  and 
excoriations,  due  to  scratching,  are  constantly  present.  In  chronic 
cases  a  thickening  of  the  skin,  with  lichenification,  takes  place, 
specially  at  the  circinate  borders. 

Treatment. — The  disease  is  difficult  of  cure  in  the  tropics,  though 
it  may  disappear  spontaneously  on  the  patient  proceeding  to 
Europe.  Chrysarobin  ointment  (i  to  4  per  cent.)  is  the  best  treatment. 

TINEA  NIGRO-CIRCINATA. 

This  trichophytosis  has  been  observed  by  Castellan  iamong  Sin- 
halese natives.  * 

etiology. — ^The  eruption  is  due  to  a  Trichophyton — T.  ceylonese 
Castellani  igo8.  The  spores  are  very  few  in  number,  roundish, 
rather  large  (4  jj),  and  showing  a  double  contour.  The  mycelial 
tubes  are  about  3I  //,  in  breadth,  generally  straight.  The  fungus 
does  not  grow  on  any  of  the  ordinary  or  Sabouraud's  media. 

Symptomatology. — The  eruption  is  found  most  frequently  on 
the  neck  and  scrotum,  and  consists  of  a  few  rings  with  thick,  elevated 
margins,  the  encircled  skin  being  black — much  darker  than  the 
healthy  skin — but  not  thickened  nor  presenting  papules,  vesicles, 
or  pustules.  The  edge  is  thick,  much  elevated,  of  a  dark  colour, 
with  the  upper  portion  pinkish  or  occasionally  covered  by  a  dark 
crust.  The  eruption  often  heals  spontaneously,  leaving  dark 
roundish  patches  at  the  previous  seat  of  the  lesions. 

Prognosis. — ^The  eruption  may  disappear  spontaneously,  and 
the  treatment  is  easy. 

Diagnosis. — ^The  only  dermatomycosis  to  which  it  has  a  slight 
resemblance  is  Tinea  sahouraudi.  The  latter,  however,  is  very 
chronic,  and  invades  large  portions  of  the  body ;  the  rings  are 
segmentary,  not  complete,  and  the  edge  is  not  so  thick  and  elevated. 

Treatment. — ^Tincture  of  iodine,  freely  applied,  answers  well. 
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TINEA  IMBRICATA. 

Synonyms.— Tokelau  (Samoa)  ;  Gogo  (Marshall  Islands)  ;  Pita 
(Bowditch  Islands);  Cascade  (Moluc  Island);  Dermatomycosis 
Chronica  Figurata  Exfoliativa  (Thomson)  ;  Herpes  Farinosus 
(Kitter)  ;  Herpes  Desquamans  (Turner)  ;  Herpes  de  Manson  (Roux). 
Historical— Geographical  Distribution.— The  first  reference  to 
this  disease  is  found  in  Albert's  atlas,  1832.  Fox,  in  1844,  de- 
scribed It  under  the  name  of  '  gune.'  He  observed  it  in  the  Gilbert 
Islands,  and  '  gune  '  was  the  term  used  by  the  natives  to  indicate 
it  (gune  =  skin).  It  is  to  Manson  that  we  owe  the  first  scientific 
description  of  the  disease  and  the  discovery  of  its  fungus  ;  he 
introduced  the  term  '  tinea  imbricata,'  under  which  the  disease 
is  now  generally  known.  Manson's  researches  have  remained 
classical.  Further  researches  were  made  by  Turner,  Koniger, 
MacGregor,  and  more  recently  by  Tribondeau,  Nieuwenhuis,  and 
many  others.  The  disease  is  extremely  common  in  Fiji  and  many 
other  of  the  Pacific-  Islands  ;  it  is  found  in  the  Philippine  Islands, 
in  Southern  China,  Tonkin,  Malay  Peninsula,  and  Java.  Lately 
the  distribution  of  the  disease  has  much  extended  ;  several  cases 
have  been  seen  by  us  in  Ceylon  and  Southern  India,  in  which 
countries  the  disease  was  believed  to  be  non-existent.  Cases  have 
also  been  reported  from  Brazil  and  other  parts  of  tropical  America. 
etiology. — The  affection  is  caused  by  an  Endodermophyton  first 
discovered  and  described  by  Manson — En.  concentricum  (Blanchard) 
1901 ;  synonym,  T.  mansoni  (CasteUani)  1905. 

Description  of  the  Fungus. — In  all  the  cases  observed  by  us  the 
characters  of  the  fungus  corresponded  with  those  given  by  Manson, 
rather  than  with  the  descriptions  of  later  observers,  as  Tribondeau. 
The  fungus  is  very  abundant,  growing  between  the  rete  Malpighii  and 
the  more  superficial  strata  of  the  epidermis.  Fresh  preparations  of 
scales  in  liq.  potass,  show  a  diffuse  mass  of  interlacing  mycelium. 
The  segments  of  the  mycelium  vary  greatly  in  length ;  their  breadth  is 
between  3  and  4  /*.  They  are  generally  straight  and  of  regular  out- 
line, not  showing  swellings  or  constrictions ;  the  spores  are  rather  large 
(4  to  5  /*),  oval,  or  somewhat  rectangular.  Aspergillar-like  fructifica- 
tions have  not  been  observed  by  us,  and  we  have  seldom  succeeded 
in  growing  the  fungus.  *  Strong  says,  also,  tbat  he  has  been  unable  to 
grow  the  fungus  in  the  Philippine  Islands.  According  to  Nieuwenhuis, 
however,  the  fungus  may  easily  be  grown  on  various  media.  He 
states  that  the  growth  is  slow,  and  that  the  colonies  are  thick,  cra- 
teriform,  of  a  dark  brownish  colour.  By  inoculating  such  cultures 
in  a  European,  he  reports  that  he  has  reproduced  the  disease. 

Tribondeau  describes  aspergillar-like  fructifications  in  the  fungus, 
which  he  calls  Lepidophyton  (Acttis  =  scale  ;  <^vto'i/  =  plant).  He  has 
not  succeeded  in  growing  it.     Wehmer  has  confirmed  Tribondeau's 

*  In  the  two  cases  in  which,  by  special  procedure,  some  growth  appeared , 
it  grew  slowly,  was  scanty,  and  showed  a  whitish^  greyish  appearance,  and 
was  mostly  submerged. 
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results.  In  our  experience,  the  fungus  never  shows  aspergillar 
fructifications.  In  old  scales  kept  in  the  laboratory  for  several 
weeks  we  have  seen  aspergillar-like  fungi,  but  we  believe  them  to 
be  contaminations,  as  they  are  frequently  found,  for  instance,  in 
old  blood-films,  in  old  psoriasis  scales,  etc.  It  is  not  rare  in  the 
tropics  to  find  aspergillar-like  fungi  even  on  the  skin  of  normal 
persons,  especially  when  they  do  not  bathe  frequently. 

Symptomatology. — In  a  well-marked  case  the  skin  of  practically 
the  whole  body  is  covered  with  round  patches,  each  of  which  pre- 
sents several  concentric  scaly  rings.  The  scales  are  flaky,  resembling 
tissue-paper,  dry,  of  a  dirty  greyish  colour,  and  slightly  curled. 
If  the  scales  are  removed,  rings  of  concentric  circular  dark  lines 
remain  visible.  The  number  of  rings  forming  the  patch  varies. 
Tribondeau  states  that  they  are  not  more  than  four ;  we  have, 
however,  frequently  counted  as  many  as  eight  and  ten  in  the  same 
patch.  The  eruption  may  spread  to  any  part  of  the  body,  except, 
in  our  experience,  the  scalp.  Though  several  authors  state  that 
the  eruption  never  affects  the  face  and  axilla,  and  rarely  the  palms 
and  soles,  we  have  often  observed  it  in  such  situations.  It  is  also 
stated  that  the  nails  are  not  affected,  though  Manson,  who  first 
completely  described  the  disease,  said  that  the  nails  being  affected 
was  of  frequent  occurrence.  Our  experience  tallies  with  that  of 
Manson.  The  nails,  when  affected,  are  much  thickened,  have  a 
rough  surface  and  deep  cracks.  Scrapings  examined  in  liquor 
potassae  show  the  fungus.  The  fungus  never  invades  the  hair- 
follicles.  The  general  health  is  not  affected,  but  the  patients  complain 
of  the  disfigurement  and  of  the  unbearable  pruritus.  The  pruritus 
increases  much,  apparently,  if  the  patient  is  given  certain  diets — for 
instance,  dry-fish  diet.  In  the  hot  season  the  pruritus  is  much  more 
marked.     The  disease  is  very  chronic,  and  very  difficult  to  cure. 

As  regards  the  development  of  the  disease,  we  can  confirm  Man- 
son's  description,  one  of  us  having  made  several  experimental  inocu- 
lations. The  period  of  incubation  varies  between  seven  and  ten 
days.  After  this  time  a  slightly  elevated  brown  patch  is  seen  at 
the  place  of  inoculation  ;  the  epidermis  in  the  centre  of  the  patch 
gives  way,  and  a  ring  of  scaling  epidermis  is  formed  ;  this  ring  ex- 
pands towards  the  periphery.  The  scales  are  free  towards  the 
centre,  attached  to  the  sound  epidermis  at  the  periphery.  While 
the  ring  expands  towards  the  periphery,  in  the  centre  again  a  dark 
patch  appears,  which  later  breaks,  and  another  ring  is  formed  inside 
the  first,  and  so  on. 

In  all  our  cases  the  blood  showed  a  certain  degree  of  eosinophilia, 
the  number  of  eosinophile  leucocytes  varying  between  6  and  i6  per 
cent.  In  some  cases  this  eosinophilia  was  probably  due  to  the 
presence  of  intestinal  worms ;  the  eosinophilia,  however,  was 
observed  in  some  cases  in  which  the  microscopical  examination  of 
the  faeces  did  not  show  any  ova  of  worms.  In  very  old  cases  the 
eosinophilia  is  more  marked  than  in  recent  ones  ;  in  old  cases  signs 
of  anaemia  may  be  present. 
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Prognosis. — ^The  general  health  is  not  affected.  The  patient  com- 
plains of  the  disfigurement,  which  is  very  great,  and  of  the  pruritus, 
which  in  the  hot  season  may  be  unbearable.  The  disease  has  no 
tendency  to  recover  spontaneously ;  its  treatment  is  difficult,  and 
cases  apparently  cured  often  show  a  return  of  the  eruption  after 
a  few  months. 

Diagnosis.^The  disease,  once  seen,  cannot  be  confused  with 
any  other  dermatomycosis  ;  its  development  in  concentric  rings, 
fringed  with  tissue-paper-like  scales,  is  absolutely  characteristic. 

Treatment. — Every  medical  man  practising  in  the  tropics  well 
knows  how  difficult  is  the  treatment  of  tinea  imbricata.  It  is  easy 
to  obtain  a  temporary  improvement,  and  even  a  disappearance  of 
the  eruption  ;  but  as  soon  as  the  treatment  is  discontinued,  the 
eruption,  as  a  rule,  starts  afresh. 

Strong  iodine  liniment,  as  recommended  by  Manson,  or  resorcin 
dissolved  in  tincture  of  benzoin  (resorcin,  Jii.  ;  tr.  benz.,  §i.),  as 
recommended  by  Castellani,  give,  on  the  whole,  the  best  results. 

In  the  Colombo  Clinic  of  Tropical  Medicine  the  latter  has  made 
various  experiments  to  test  the  efficacy  of  the  various  medicaments 
by  applying  simultaneously  different  liniments,  ointments,  etc., 
to  symmetrical  parts  of  the  body,  and  comparing  the  result. 
According  to  his  results  : — 
Sulphur  has  practically  no  effect  whatever  on  the  fungus. 
Turpentine  generally  induces  a  slight  improvement,  some  scales 
disappearing,  and  the  skin  becoming  smoother  ;  the  improvement, 
however,  is  not  permanent,  and  as  soon  as  the  turpentine  applica- 
tion is  discontinued  the  typical  scales  reappear. 

Calomel  and  other  ointments  of  mercurial  preparations  do  not 
induce  any  improvement  in  the  eruption. 

Thymol  and  Naphthol  ointments  may  cause  a  slight  improvement. 
Carbolic  Acid  and  Epicarin  ointments  have  no  effect  whatever. 
Cyllin  ointment  (20  to  50  per  cent.)  may  induce  a  temporary 
improvement. 

Formalin  is  very  effective  for  localized  patches.  The  usual  40  per 
cent,  solution  is  applied  with  care,  treating  each  time  a  small  portion 
of  the  eruption.  Formalin  often  causes  severe  pam  and  a  certain 
degree  of  inflammation,  which  is  best  relieved  by  applications  of 
iced  water.  Soon  after  the  application  of  formalin  the  patches 
become  dark  brownish,  which  colour  lasts  for  a  few  days,  when  they 
clear.  Care  must  be  taken  not  to  apply  the  formalin  to  too  large 
portions  of  the  skin,  and  not  to  repeat  the  application  too  often ; 
otherwise  a  peculiar  form  of  apigmentation,  similar  to  leucodermic 
patches,  may  appear  later  on,  to  which  disfigurement  coloured 
patients  strongly  object.  1  •      -  i™„  + 

Chrysarobin.—lhe  repeated  application  of  chrysarobm  ointment 
(cio  grains  to  i  ounce  of  vaseline)  may  induce  a  strikingly  rapid 
improvement  in  cases  which  are  not  of  long  standing.  The  eruption, 
however,  recommences  a  few  days  or  weeks  after  its  apparent  disap- 
pearance. Chrysarobin  is  a  very  toxic  medicament;  the  patient  must 
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be  watched  and  the  urine  regularly  examined.     In  one  of  our  cases 
symptoms  of  absorption  appeared  after  a  single  applica-^ion. 

Salicylic  Acid  and  Methyl  Salicylate  have  very  little,  if  any,  action 
on  the  fungus. 

Tinctura  lodi  and  Linimentum  lodi. — Tinctura  iodi,  freely 
applied,  induces  a  very  marked  improvement,  which,  however,  is 
not  permanent.  Strong  iodine  liniment,  as  recommended  by 
Manson,  is  most  effective ;  it  cannot  be  used  freely,  however,  on 
patients  with  a  delicate  skin,  such  as  women  and  children. 

Resorcin  and  Tincture  of  Benzoin. — Resorcin,  alone  or  mixed  with 
salicylic  acid  in  alcoholic  solution  and  in  ointments,  has  very  little 
efficacy.  If,  however,  resorcin  be  dissolved  in  tinctura  benzoini 
composita  (60  to  120  grains  of  resorcin  to  i  ounce  of  the  tincture  of 
benzoin),  very  good  results  are  obtained ;  it  is  now  the  routine 
treatment  for  tinea  imbricata  in  the  Colombo  Clinic.  It  is  to  be 
noted  that  tincture  of  benzoin  without  resorcin  has  very  little 
action  on  the  eruption.  The  resorcin,  dissolved  in  tincture  of 
benzoin,  should  be  applied  freely  once  or  twice  daily  on  the 
affected  regions.  If  the  whole  body  be  affected,  one  day 
one  half  is  painted,  and  the  other  day  the  other  half,  alternately. 
The  treatment  must  be  continued  for  several  weeks.  Once  or  twice 
a  week  the  patient  is  given  a  very  hot  bath,  and  scrubbed  all 
over  with  sand-soap.  .  Symptoms  of  absorption  are  rare  ;  it  is  always 
prudent,  however,  to  proceed  at  first  with  care,  as  it  is  well  known 
that  individuals  may  be  met  with,  though  rarely,  showing  idio- 
syncrasy for  resorcin. 

TINEA  INTERSECTA. 

This  dermatomycosis  and  its  fungus  were  first  described  by  Cas- 
tellani  in  1907.     It  occurs  in  Ceylon  and  Southern  India. 

iSltiology. — If  a  portion  of  one  of  the  brown  patches  or  a  scale  be 
removed  and  treated  with  liquor  potassae,  the  fungus  is  easily 
detected.  The  fungus  (Endodermophyton  castellanii  Perry  1907) 
grows  between  the  superficial  and  the  deep  strata  of  the  epidermis. 
It  is  present  on  the  inner  surface  of  the  scales,  but  not  on  the  ex- 
ternal surface.  A  very  remarkable  fact  is  the  extreme  rarity  of 
free  spores  ;  in  fact,  in  several  cases  one  does  not  succeed  in  finding 
spores.  The  mycelium  is  fairly  abundant,  though  far  'from  being 
so  abundant  as  in  tinea  imbricata.  It  is  composed  of  long,  straight," 
articulated  threads,  which  are  sometimes  dichotomous,  the  breadth 
being  between  3  and  3  J  /*.  No  aspergUlar  fructifications  nor  clusters 
of  spores  are  seen.  So  far  attempts  at  growing  the  fungus  have 
failed. 

Symptomatology. — ^The  eruption  begins  with  smaU  oval  or 
roundish,  very  slightly  elevated  itching  patches,  generally  situated 
on  the  arms,  legs,  chest,  and  back.  The  margins  of  these  dark  spots 
are  at  first  slightly  elevated,  and  dotted  often  with  minute  dark 
papules.  The  patches  are  dark  brown  in  colour,  much  darker 
than  the  surrounding  skin,  and  present  a  smooth,  tense  surface  at 
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first ;  they  increase  m  size  slowly,  and  some  coalesce.  After  a 
certain  time  the  surface  of  the  patches  is  no  longer  tense  ;  it  becomes 
somewhat  shrivelled  and  dry ;  superficial  cracks  appear  in  it,  so 
that  white  lines  are  visible  intersecting  the  brown  surface.  Later 
the  cracks  become  deeper,  the  epidermis  splits,  and  several  flaky, 
curled-up  scales,  whitish  inside  and  dark  on  the  outer  surface,  are 
seen  ;  the  scales  are  often  removed  by  friction,  and  whitish  roundish 
patches  only  remain.  The  eruption  never  develops  in  concentric 
rings  like  tinea  imbricata ;  the  patches  remain  isolated  or  fuse 
together,  forming  irregular  larger  patches.  Some  patches  may 
disappear  spontaneously  after  a  time.  The  general  health  of  the 
patient  does  not  seem  to  be  affected.  In  some  patients  there  is  a 
slight  degree  of  eosi-. 
nophUia. 

Diagnosis. — When 
the  eruption  is  in  the 
very  first  stage  it  might 
be  mistaken  for  a  form 
of  pit5n:iasis  versicolor. 
In  pityriasis  versi- 
color, however,  the 
epidermis  does  not 
split  ;  moreover,  in 
tinea  intersecta  the 
fungus  is  not  found 
on  the  surface  :  it 
grows  between  the 
superficial  and  deep 
layers  of  the  epidermis. 
Tinea  imbricata  begins 
in  a  manner  somewhat 
similar  to  tinea  inter- 
secta, dark  brownish 
patches  being  present, 
and  the  fungus  in  both  eruptions  -growing  between  the  superficial 
and  deep  layers  of  the  epidermis.  In  contrast  to  tinea  imbricata, 
however,  the  eruption  of  tinea  intersecta  never  develops  in  concen- 
tric rings  ;  is  far  less  severe,  as  patches  may  heal  spontaneously  ; 
and  is  cured  without  much  difficulty. 

Treatment. — Tincture  of  iodine  and  the  usual  antiseptic  oint- 
ments, such  as  chrysarobin  (2  to  5  per  cent.),  answer  well. 

TINEA  FLAVA  {vide  Plate  XL). 

Synonyms. — ^Tropical  Pityriasis  Versicolor  of  the  old  authors,  Micro- 
sporosis  Flava  (Castellani),  Achromie  Parasitaire  (Jeanselme),  Pity- 
riasis Versicolor  Flava  (Castellani),  Achromia  Squamosa  (Crocker). 

This  dermatomycosis  is  extremely  common  in  all  tropical 
countries,  and  especially  so  in  Southern  India,  Ceylon,  Malaya, 


Fig.  353. — Fungus  of  Tinea  intersecta. 
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Java,  Indo-China,  and  China.  By  many  authors  it  has  been,  and 
is  still,  confused  with  the  ordinary  pityriasis  versicolor  of  temperate 
zones ;  the  investigations  of  Jeanselme  and  Castellani,  however, 
have  clearly  proved  that  it  is  a  different  affection. 

.ffitiolog^r, — ^The  affection  is  due  to  Malassezia  tropica  Castellani 
1905.  Tne  mycelial  threads  are  generally  thick,  with  numerous 
swellings,  constrictions,  and  other  irregularities  in  their  shape.  The 
spores  are  roundish  or  oval  (3'50  to  4'50  ft),  and  have  a  double 


Fig.   354. — Tinea  flava. 
On   the  face  of  a  Sinhalese. 

contour.  In  recent  cases  the  fungus  is  abundant,  with  plenty  of 
mycelium  and  spores  which  often  run  into  clusters.  In  old  chronic 
patches  the  fungus  becomes  very  scanty  ;  the  spores  are  not 
numerous,  and  generally  do  not  collect  in  clusters  ;  the  mycelium 
IS  very  scanty,  and  is  even  more  irregular  in  shape  than  it  is  in 
recent  patches  (degeneration  forms  of  the  fungus). 

Symptomatology.— The   affected  parts   are  yellowish,   of  much 
lighter  colour  than  the  surrounding  healthy  skin  ;  the  yellow  colour 
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may  be  of  various  tinges,  from  darlc,  deep  orange-yellow  in  some 
cases  to  very  light  canary-yellow  in  others.  The  patches  are  of 
various  sizes,  generally  roundish,  smooth,  sharply  defined,  with 
margins  not  elevated,  or  only  slightly  so.  Sometimes  the  patches 
are  irregularly  festooned,  and  may  encircle  an  area  of  healthy  skin. 
Occasionally  the  encircled  healthy  skin  appears  to  be  intersected 
by  many  yellowish,  ribbon-like  lines  originating  from  the  surround- 
ing yellow  patch.  The  regions  more  frequently  affected  are,  in 
order  of  frequency,  the  face,  neck,  chest,  and  abdomen.  Large 
portions  of  the  body  may  be  involved.  There  is  no  pruritus.  The 
patches  are  not  desquamating,  or  only  very  slightly  so.  The 
course  of  pityriasis  flava  is  very  chronic.  In  the  natives  of  the 
lower  classes  it  ap- 
pears in  childhood  as 
tiny  spots  on  the  face 

and    chest,   spreading 

slowly  during   years ; 

they     may     coalesce, 

covering  practically 

the  whole  of  the  face 

and    chest.      One    is 

occasionally  surprised 

to  see  a  native  whose 

face    and    chest    are 

quite  light  in  colour  ; 

on  closer  examination, 

it  may  be  found  that 

this    lighter    appear- 
ance is  due  to  a  diffuse, 

very    light  -  coloured 

form   of   tinea    flava, 

covering  the  whole  of 

the    face,    neck,    and 

chest.  In  Ceylon  native 

women,  when   the 

patches  of  Tinea  flava  j      j     ^ 

are  small,  light,  and  situated  on  the  face,  they  are  considered  as 

beauty-spots,  and  are  highly  appreciated  by  the    adies  and  their 

admirers      Such  patches  are  called  in  Sinhalese    aJu-hama,   which 

means  ashy  skin  {alu,  ash;  hama,  skin).     There  is  also  another 

word  used  by  native  poets  for  such  conditions--  gomera,  whicft 

means  skin  dotted  with  beauty-spots.      The  disease,   which  is 
'     extremely  common,    attacks    mostly    natives,    but    occasionally 

Europeans  also.     In  Europeans  the  patches  are  yfUo^ish-reddish  or 

pinkish  (tinea  rosea) ,  and  may  be  due  to  different  strains  of  M.  tropica 
Prognosis.— The  disease  is  very  chronic,  has  no  tendency  whatever 

to  spontaneous  cure,  but  the  general  health  is  not  affected.  ^ 

Diagnosis.— Pityriasis  versicolor  of  temperate  zones  is  not  of  so 

light  a  tinge  as  tinea  flava,  never  attacks  the  face,  and  is  curable 


Fig.  355. — Fungus  of  Tinea  flava. 

(From  a  specimen  stained  by  the  Morris- Walker 

method.) 
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with  the  greatest  facility ;  while  tinea  flava  affects  the  face  more 
frequently  than  any  other  part  of  the  body,  and  is  curable  only 
with  difficulty. 

Tinea  Alba. — Occasionally  there  may  be  some  difficulty  in  dis- 
tinguishing tinea  flava  of  a  light  variety  from  tinea  alba.  In  con- 
trast to  tinea  flava,  the  patches  of  tinea  alba  are  not  smooth,  and 
the  fungus  [Trichophyton  macfadyeni)  shows  spores  of  a  peculiar 
characteristic  oval  shape. 

Tinea  Flava  and  Pinta  are  easily  distinguished  by  the  characters 
of  their  respective  fungi,  the  fungus  found  in  pinta  never  having 
the  characters  of  a  Malassezia. 


Fig.  356. — Tinea  flava  on  the  Back  of  a  European. 

Leucoderma  patches  have  a  characteristic  dead-white  colour, 
are  often  surrounded  by  a  hyperpigmented  border,  and  no  fungus 
is  found. 

In  Circumscribed  Scleroderma  (Morphoea)  the  patches  may  present 
a  peculiar  yellowish  tinge,  which  in  coloured  patients  may  resemble 
tmea  flava.  In  tinea  flava,  however,  there  is  no  change  in  the 
texture  of  the  skin,  which  is  still  pliable,  and  does  not  exhibit  the 
peculiar  parchment-like  feeling  of  scleroderma.  The  microscopical 
examination  will  clear  the  diagnosis  in  any  doubtful  case. 

In  Europeans  the  reddish-yellowish  variety  of  tinea  flava  might, 
on  superficial  examination,  be  mistaken  for  a  form  of  Seborrhcea 
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corporis.     The  microscopical  examination  will  clear  the  diagnosis, 
no  fungus  being  found  in  seborrhoea  corporis.     ' 

Treatment.' — ^Tinea  flava  shows  no  tendency  to  spontaneous  cure, 
unless  the  patient  moves  to  a  cold  climate.  The  treatment  is  diffi- 
cult. Turpentine  applied  daily,  followed  by  a  naphthol  or  epicarin 
^ntment  (2  to  5  per  cent.),  or  a  salicylic-resorcin  ointment  (resorcin 
31.,  acidi  salicylici  gr.  x.,  vaselini  Ji.),  is  often  successful,  but  the 
treatment  must  be  continued  for  months.  It  is  to  be  noted  that 
in  several  cases  the  fungus  of  tinea  flava  has  apparently  a  deep 
permanent  disturbing  action  on  the  pigmentation  processes  of  the 
skin,  as,  even  when  the  fungus  has  been  destroyed,  the  patches  may 
remain  of  a  lighter  colour  than  the  surrounding  skin  for  a  long  time, 
though  ultimately  they  become  again  normally  pigmented. 

TINEA  NIGRA. 

Synonyms. — Pityriasis    Nigra    (Castellani),   Microsporosis  Nigra 
(Castellani). 

This  affection  is  fairly  common  in  India,  Ceylon,  Java,  Federated 
Malay  States,  and  China.  The  first  account  of  this,  or  a  very  similar, 
dermatomycosis  was  published  by  Manson  in  China  in  1872. 
M  a  n  s  o  n '  s  observa- 
tions, however,  were 
forgotten,  as  they  were 
not  quoted  by  him  in 
his  subsequent  works. 
Castellani,  in  1905,  re- 
described  the  disease 
in  Ceylon,  and  suc- 
ceeded in  growing  the 
fungus  which  he  called 
Foxia  mansoni. 

etiology.— The  af- 
fection is  caused  by  a 
fungus  of  the  genus 
Foxia  —  F.  mansoni 
Castellani  1905.  The 
fungus  is  found  very 
abundantly  in  the 
lesions  ;  the  mycelial 
articles  are  rather 
short— 18   to   20  It.   in  Fig.  357.— Fungus  of  Tinea  nigra. 

Kadt?"  lometoes  they  may  be  irregular  in  outline,  bent, 
banana-shaped.  The  spores  are  globular,  and  most  of  them  very 
large— 5  to  8  /..     They  are  frequently  arranged  m  clusters. 

The  funeus  is  easily  cultivated  by  inoculating  scrapings  of  the  affected 
pal'liyoStLagJ^    Af^^^^ 
^YZr^''\^'%^V^^lo^^rl^^^-^^   deliLtef  pale  greenish^  hyph., 
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These  colonies  may  remain  separate  or  more  often  gradually  coalesce  into  a 
jet-black  knobby  mass,  deeply  rooted  into  the  medium. 

The  fungus  grows  well,  though  less  abundantly,  on  the  other  sugar  agars, 
and  also  on  ordinary  agar.  In  broth  and  peptone-water  the  growth  is  very 
slow,  and  takes  place  at  the  bottom  of  the  tubes,  with  formation  of  a  black 
or  greenish-black  sediment. 

The  optimum  temperature  for  the  growth  of  the  fungus  is  between  30°  C. 
and  32°  C.  ;  above  35°  C.  and  under  2^°  C.  the  growth  is  much  slower,  and  ma^ 
be  nil  under  20°  C. 

Symptomatology. — ^The  affected  parts  are  of  a  black,  dull,  lustre- 
less colour,  much  darker  than  the  surrounding  dark,  hccilthy  skin 
of  the  native.  The  patches  may  be  small,  roundish,  and  separated 
from  one  another,  or  may  coalesce  ;  the  patches  are  often  slightly 
elevated,  and  may  present  a  slight  desquamation.  Little,  if  any, 
pruritus  is  present.  The  face  is  not  usually  affected,  though  the 
eruption  may  be  found  on  practically  any  other  region  of  the  body. 
The  neck  and  upper  portion  of  the  chest  are  apparently  the  regions 
most  frequently  affected.  Tinea  nigra  usually  attacks  natives  only. 
We  have,  however,  seen  it  also  in  one  of  our  European  patients, 
who  went  for  a  pleasure  trip  to  Burma,  where  he  remained  about  a 
month.  On  coming  back  to  Ceylon,  he  noticed  a  small,  roundish, 
very  slightly  elevated,  non-desquamating,  black  patch  on  the  palm 
of  his  left  hand.  There  was  no  pruritus.  The  patch  spread  slowly 
for  two  months,  reaching  the  size  of  a  sixpenny-piece.  It  dis- 
appeared after  a  single  application  of  formalin  ;  three  months  later 
it  reappeared  in  the  same  place  as  a  tiny  black  doj^  which  slowly 
spread.  Another  application  of  formalin  caused  it  to  aga,in  dis- 
appear. From  the  patch  a  fungus  was  grown  identical  with  the  one 
found  in  native  cases. 

Mixed  Infections. — A  mixed  infection  of  tinea  nigra  and  tinea 
flava  is  somewhat  frequently  met  with.  Several  of  our  patients 
had  on  the  neck  a  few  round  patches  of  tinea  nigra,  and  on  the 
face  some  smooth,  yellow,  roundish  patches  of  tinea  flava. 

Prognosis. — ^The  characters  of  the  fungus,  and  the  fact  that  the 
disease  is  very  easily  curable,  readily  distinguish  tinea  nigra  from 
pinta.  Pityriasis  versicolor  is  generally  of  lighter  colour  than  tinea 
nigra,  and  the  fungus  {Malassezia  versicolor)  is  morphologically  very 
different,  and  cannot  be  grown.  In  chloasma  bronzinum  no  fungus 
is  found. 

Treatment. — ^The  disease  is  easily  curable,  except  when  it  attacks 
the  palms  of  the  hands,  where  the  treatment  must  be  more  pro- 
longed. A  salicylic-alcoholic  lotion  (2  per  cent.),  followed  by  a 
resorcin  ointment  (resorcin,  5i.  ;  vaseline,  §i.),  answers  well.  When 
the  patches  are  small,  pure  formalin  may  be  used  with  care. 

ERYTHRASMA. 

This  affection  is  frequently  met  with  in  the  tropics,  and  is 
common  on  the  continent  of  Europe,  though  apparently  rare  in 
America. 
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ir,  'Si°'°^f;~^*  ^^  (:a.usQA  by  a  fungus  discovered  by  Burckhardt 
m. ^aS^~Microsporoides  minutissimus.  Tllis  hyphomycete  is  very 
delicate  and  slender,  less  than  i  ^  in  breadth  ;  is  found  in  the  super- 
hcial  horny  layer  of  the  affected  parts.  Ducrey  and  Reale  claim  to 
nave  succeeded  m  cultivating  it,  but  their  results  have  not  been 
confirmed. 

Symptomatology.— The  eruption  generally  affects  the  genito- 
crural  and  axillary  regions,  but  may  occasionally  spread  to  other 
^AA-  u  ^°^y"     ^^  ^^  characterized  by  the  presence  of  brownish, 

reddish  patches,  rounded  or  irregularly  shaped,  but  with  well-defined 
borders.  The  borders  are  not  elevated  ;  the  surface  of  the  patches 
appears  slightly  furfuraceous,  and  has  often  a  somewhat  greasy 
feeling.  There  are  no  subjective  symptoms,  except  occasionally 
slight  itching. 

Diagnosis. — Erythrasma  is  easily  distinguished  from  tinea  versi- 
color and  tinea  flava  by  the  reddish  tinge  generally  present ;  by 
the  characteristic  difference  of  its  sites  of  development,  and  by  the 
microscopical  examination  which  will  reveal  the  presence  of  Micros 
sporoides  minutissimus,  a  fungus  morphologically  very  different 
from  Malassezia  versicolor  or  M.  tropica.  The  differential  diagnosis 
from  tinea  cruris  has  been  discussed  in  this  chapter  under  the 
heading  Tinea  Cruris. 

As  first  noticed  by  Manson,  after  tinea  cruris  has  been  cured,  the 
genito-crural  region  may  in  some  cases  present  for  years  a  peculiar 
brownish  discoloration,  and  be  slightly  furfuraceous — a  condition 
resembling  erythrasma ;  in  such  cases  neither  Epidermophyton 
cruris  nor  Microsporoides  minutissimus  will  be  found. 

Treatment. — Washing  the  parts  with  ordinary  soap  and  warm 
water,  carbolic,  tar,  or  sand  soap,  and  then  regularly  applying  a 
resorcin-salicylic  ointment,  will  soon  cause  the  eruption  to  dis- 
appear. Instead  of  the  ointment,  a  hyposulphite  of  soda  or  sul- 
phurous acid  lotion  may  be  used. 


BLASTOMYCOSIS. 

Synonyms. — Saccharomycosis  Hominis,  Oidiomycosis,  Dermatitis 
Blastomycotica,  Blastomycetic  Dermatitis. 

Historical  and  GeograpWcal. — Gilchrist,  in  1894,  first  described 
yeast-like  organisms  in  sections  taken  from  a  scrofuloderma-like 
eruption.  In  the  same  year,  independently,  Busse  published  a 
case  of  a  pyemia-like  condition  due  to  a  Saccharomyces.  The 
disease  has  been  investigated  chiefly  by  American  observers,  among 
whom  Ricketts,  Ormsby,  Hyde,  Montgomery,  and  Pusey  may  be 
mentioned.  The  malady  occurs  in  the  tropics,  and  one  of  us  has 
reported  several  cases  from  Ceylon,  while  Phalen  and  Nichols  have 
described  numerous  cases  from  the  Philippine  Islands. 

iEtiology. — The  fungi  found  belong  to  the  genera  Saccharomyces, 
Cryptococcus,  Endomyces,  and  higher,  not  yet  weU-determined  fungi. 
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all  of  which  are  apparently  capable  of  inducing  identical  clinical 
conditions.  In  the  tissues  all  the  organisms  exist  as  yeast-like  oval 
or  roundish  cells.  Among  the  organisms  which  cause  the  disease, 
four  types  (Ricketts)  may  be  distinguished  : 

I.  Blastomycetoid  or  yeast-like  type  ;  reproduction  by  budding; 
in  cultures  only  oval  or  roundish  cells  are  seen,  while  mycelial  tubes 
are  as  a  rule  absent. 

2  Gryptococcus-like  type :  reproduction  by  endosporulation 
within  the  tissues. 

3.  Endomyces-like  type :  the  cultures  present  abundant  sub- 
merged mycelium,  which  breaks  up  into  chains  of  endoconidia  ; 
proliferation  by  budding  is  rare. 

4.  Hyphomycetoid   type :    cultures   present   aerial   hyphse   and 

submerged  mycelium  ;  proli- 
feration by  gemmation  occa- 
sionally seen.  There  are  many 
transition  forms  between  these 
four  groups. 

Histopathology. — ^There  is 
marked  proliferation  of  the  epi- 
thelial layers,  with  elongated, 
irregularly  shaped  down- 
growths  into  the  corium.  The 
cells  of  the  rete  are  swollen, 
and  there  is,  between  the  cells, 
a  polymorphonuclear  leuco- 
cytic  infiltration.  Here  and 
there  minute  miliary  abscesses 
are  present ;  it  is  in  the  miliary 
abscesses  that  the  organism  is 
mostly  found.  The  corium 
presents  a  general  cellular  infil- 
tration made  up  of  polymorpho- 
nuclear leucocytes  and  young 
connective-tissue  cells.  Occa- 
sionally a  few  giant  cells  may  be 
seen.  jThe  vessels  are  dilated 
and  their  walls  thickened. 


Fig.  358. — Blastomycosis  of  Leg. 


Symptomatology. — ^The  disease  is  characterized  by  the  presence  of 
elevated  warty  patches  showing,  especially  at  their  margins,  minute 
epidermal  abscesses.  The  eruption  may  be  gyrate.  The  lesions 
at  a  later  stage  may  become  ulcerated,  the  process  of  ulceration 
generally  beginning  at  their  centre.  There  is  very  little  or  no  pain, 
and  very  slight  or  no  pruritus.  The  lesions  may  heal  spontaneously, 
leaving,  as  a  rule,  soft  smooth  scars.  Occasionally  the  affection 
recommences  after  a  time  in  the  scar.  The  l3miphatic  glands  are 
seldom  involved.  In  some  cases  subcutaneous  abscesses  and 
gumma-like  swelling  may  be  formed  ;  all  regions  of  the  body  may 
be  affected.     The  course  is  very  chronic. 
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Diagnosis.— The  disease  has  been  often  confused  with  tubercu- 
losis verrucosa,  with  a  syphihde,  with  an  epitheliomatous  lesion, 
and,  in  the  tropics,  with  atypical  framboesia  and  even  ringworm, 
ihe  microscopical  examination  and  cultivation  of  scrapings,  or, 
better,  of  the  pus  of  the  mihary  abscesses  present  in  the  lesions,  will 
be  necessary  to  clear  the  diagnosis.  A  droplet  of  the  pus,  or  a 
minute  portion  of  teased  tissue,  is  placed  on  a  slide  with  a  drop  of  a 
30  per  cent,  solution  of  potassium  hydrate,  and  a  cover-glass  is 
placed  on  the  preparation  ;  after  about  half  an  hour  in  a  temperate 
climate,  and  generally  a  few  minutes  only  in  a  tropical  climate,  the 
tissue  and  pus  cells  are  disintegrated  by  the  potash  solution,  while 
the  orgamsms,  being  resistant,  can  be  easily  seen.  Cultures  should 
also  be  made  from  the  pus.  It  is  important  to  note  that  yeast-Hke 
organisms  may  be  frequently  found  as  saprophytes  on  the  surface 
of  various  ulcerated  skin  lesions,  which  have  nothing  to  do  with  true 
blastomycosis. 

Prognosis. — The  disease  very  rarely  heals  spontaneously.  The 
general  health  is  not  much  affected,  but  the  patients  complain  of  the 
disfigurement.  Occasionally  the  organisms  from  the  skin  lesions 
enter  the  general  circulation,  and  a  condition  similar  to  pyaemia 
develops.  Cases  of  systemic  blastomycosis  terminating  fatally, 
without  any  skin  lesion,  have  also  been  described. 

Treatment. — Potassium  iodide,  given  in  large  doses,  has  a  bene- 
ficial effect,  though  it  is  not  so  efficacious  as  in  sporotrichosis.  The 
application  of  Rontgen  rays  to  the  lesion  is  useful.  In  mild  cases 
the  local  application  of  various  disinfectants — e.g.,  perchloride  of 
mercury  (i  in  1,000),  dilute  tincture  of  iodine,  etc.,  may  bring 
about  a  cure. 

SPOROTRICHOSIS. 

Schenk,  in  1898,  described  a  case  of  multiple  chronic  abscesses  in 
the  pus  of  which  a  Sporotrichum  was  found.  Hektoen  and  Perkins 
reported  two  similar  cases  also  in  the  United  States  in  1900.  De 
Beurmann  published  in  1903  a  case  of  similar  nature  in  France. 
Beurmann  and  Gougerot,  in  1906  and  1907,  published  several  cases, 
and  investigated  the  subject  of  human  sporotrichosis  bacteriologi- 
cally  and  histologically,  as  well  as  clinically.  Their  researches  have 
been  confirmed  by  Gaucher  and  Monier-Vinard,  Duval  and  Fago, 
Vaquez,  Bonnet,  Lanbry,  and  Esmeni.  Cases  have  been  reported 
recently  from  the  tropics  by  Lutz  and  Splendore  in  Brazil,  and  by 
us  in  Ceylon.  Clair  has  observed  the  disease  in  Arab  stokers  on 
board  some  steamers  of  the  Messageries  Maritimes  Company. 

^Etiology.— The  fungi  found  belong  to  the  genus  Sporotnchum. 
S  shenki  has  been  observed  in  the  cases  in  North  America  ;  S.  heur- 
manni  in  the  European  and  Brazilian  cases ;  S.  tndtcum  in  the 
Ceylon  cases.  These  fungi  are  morphologically  very  similar.  In 
the  human  lesions  the  fungus  appears  morphologically  as  a  yeast, 
and  is  very  scarce.  In  cultures  mycelial  threads  and  numerous 
spores  are  seen.     The  spores  are  ovoid,  5  to  6  /x  m  length  by  3  to  4  /. 
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in  breadth.  The  mycelial  filaments  are  very  slender  (2  /i)  in  5.  beur- 
manni  and  5.  shenki ;  somewhat  broader  (2  J  to  3  [i)  in  S.  indicum. 
These  fungi  grow  easily  on  the  ordinary  culture  media,  best  of  all 
on  Sabouraud's  pepton-glucose-agar.  Colonies  develop  from  the 
fourth  to  the  tenth  day  as  small  white  points,  surrounded  by  a 
delicately  rayed  aureola  of  whitish  colour.  They  gradually  in- 
crease in  size,  coalesce,  become  convoluted,  and  take  a  dark  greyish, 
brownish,  and  even  black  colour.  These  fungi  live  apparently 
saprophytic  on  vegetables  (lettuce-leaves,  and  other  kinds  of 
vegetables  used  as  salads)  and  on  insects  (flies,  caterpillars,  larvae). 
According  to  De  Beurmann,  infection  takes  place  by  contact  with 
unclean  vegetables. 

The  rat,  mouse,  monkey,  cat,  and  very  young  guinea-pigs  are  all 
more  or  less  susceptible,  and  may  be  infected  by  subcutaneous  or 
intraperitoneal  inoculation.  The  rat  is  the  most  susceptible  animal. 
In  this  animal  Lutz  and  Splendore  have  described  a  spontaneous 
sporotrichosis  due  to  a  Sporotrichum  apparently  identical  with 
5.  heurmanni.  The  affection  has  also  been  observed  to  occur  spon- 
taneously in  the  dog  (Gougerot  and  Caravan)  and  in  the  mule 
(Fonteynot  and  Carongeon)  in  Madagascar. 

Histopathology.  —  The  histopathology  of  the  cases  due  to  S. 
heurmanni  has  been  investigated  by  Beurmann  and  Gougerot.  We 
have  come  to  similar  results  in  the  cases  due  to  S.  indicum.  The 
lesions  present  three  principal  types  of  reaction  :  (i)  An  epithelioid 
type,  with  presence  of  giant  cells — this  corresponds  to  the  tuber- 
culoid type  of  De  Beurmann  and  Gougerot ;  (2)  a  lympho-connec- 
tive  tissue  or  syphiloid  reaction  ;  (3)  a  polymorphonuclear  or  a 
ecthymatiform  type. 

Symptomatology. — In  a  well-marked  case,  several  gummatous-like 
swellings,  situated  in  the  subcutaneous  tissue,  are  present  on  various 
parts  of  the  body — the  arms,  legs,  and  trunk.  The  size  varies  from 
that  of  a  small  pea  to  that  of  an  orange.  On  palpation,  they  are 
hard,  resistant  at  first ;  later  they  soften,  the  skin  becomes  reddish 
or  violaceous,  and  after  a  time  perforates.  From  the  fistulous 
opening  a  yellowish  homogeneous  pus  is  slowly  evacuated.  In  some 
cases  the  suppuration  ceases,  granulation  sets  in,  and  a  coarse 
cheloid-like  scar  remains.  In  other  cases  the  fistulous  opening 
enlarges,  and  a  crateriform  ulcer,  with  often  a  fungating  fundus, 
develops.  The  lymphatic  glands  may  become  affected.  The 
course  of  the  disease  is  very  chronic.  In  some  cases  deep  gummata 
develop  under  the  periosteum  of  various  bones,  and  in  the  muscles. 
Large  granulating  ulcerations  may  form  in  the  bucco -pharynx 
and  larynx.     The  general  health,  as  a  rule,  is  not  much  affected. 

Diagnosis. — In  our  experietice,  it  is  practically  impossible  in  most 
cases  to  distinguish  the  affection  clinically  from  lesions  of  tuber- 
cular, syphilitic,  or  framboetic  origin.  The  diagnosis  is  easUy  made 
by  bacteriological  methods.  The  simple  microscopical  examination 
of  the  pus  of  the  abscesses,  or  scrapings  of  the  ulcers,  is  not  suffi-  ' 
cient,   as  the  fungus  is  extremely  scarce.     Cultivation  must  be 
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resorted  to.  A  few  glucose-agar  tubes  are  inoculated  in  the  usual 
way,  and  kept  at  room-temperature  without  capping.  After  four 
to  ten  days  the  first  colonies  of  Sporotrichum  will  appear 

Treatment.— Potassium  or  sodium  iodides  in  full  doses  (i'5  grains 
leSons  *™^^  ^^'^'^^  ^'^^'^''^  ^  ""^^^^  disappearance  of  all  the 

INTERTRIGO  SACCHAROMYCETICA. 

Synonym.— Intertrigo  Blastomycetica. 

Remarks.— Cases  of  this  affection  have  been  observed  by  Castel- 
!^^i  111  Ceylon,  and  one  similar  has  been  reported  by  Whitfield  in 
England.  The  affection  is  apparently  rare.  It  generally  attacks  the 
scroto-crural  and  axillary  regions.  The  affected  skin  is  red,  and  there 
may  be  slight  exudation.  The  borders  of  the  eruption  are  fairly 
well  marked,  but  never  elevated.  In  most  cases  there  is  not  much 
itching,  and  the  affection  may  recover  spontaneously. 

.ffitiology. — In  scrapings  a  Saccharomyces  (5.  samboni  Castellani 
1907),  which  is  easily  cultivated  on  sugar  media,  is  found.    . 

Treatment. — The  treatment  consists  in  washing  the  affected  parts 
with  potassium  permanganate  lotion,  i  in  4,000  ;  resorcin,  i  in  100  ; 
followed  by  the  application  of  powders  of  boric  acid  3i.,  talci  §i.  ; 
or  salicylic  gr.  x.,  talci  gi. 

ASPERGILLOSIS  AND  PENICILLIOSIS  OF  HAIRY  PARTS. 

The  affected  hairs — generally  those  of  the  beard  and  moustache, 
occasionally  of  the  axiUa — ^present  dirty  greyish  or  whitish  puncti- 
form  formations,  which  on  microscopical  examination  are  seen  to 
consist  of  penicillar  or  aspergillar  fungi  [Penicillium  harhce,  Asper- 
gillus harbcB).  Occasionally  both  types  of  fungi  are  found  on  the 
same  patient.  The  affection  is  very  chronic.  The  simplest  method 
of  treatment  is  by  shaving,  and  afterwards  using  regularly  a  medi- 
cated soap,  such  as  carbolic  soap,  tar  soap,  or  sulphur  soap.  If  the 
patient  does  not  wish  to  shave  his  beard,  turpentine  may  be  tried. 

In  natives  who  do  not  bathe  frequently,  such  as  old  persons  and 
beggars,  the  skin  presents  often  large  dark  patches  due  to  accumu- 
lated dirt,  in  which  aspergillar  and  penicillar  fungi  are  often 
present,  living  saprophytically.  This  condition  has  nothing  to  do 
with  pinta,  as  a  thorough  scrubbing  with  soap  will  remove  the  dirt 
and  the  aspergillar  and  penicillar  fungi  which  may  be  present. 

PINTA. 

Synonyms. — Mai  de  los  Pintos,  Mai  del  Pinto,  Caraate,  Tina, 
Quirica,  Pannus  Carateus  (Alibert),  Tache  Enddmique  des  Cordil- 
lieres  (Alibert),  Lota,  Cativi. 

Definition. — -The  term  '  pinta  '  does  not  indicate  a  single  disease, 
but  a  group  of  closely  allied  dermatomycoses  characterized  by 
the  presence  of  patches  of  various  colour,  due  to  different  species 
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of  fungi  of  the  genera  Aspergillus,  Penicillium,  Monilia,  and  M on- 
toy  ella. 

History.— The  disease  first  began  to  draw  the  attention  of  medical 
writers  in  the  eighteenth  century,  though  it  was  apparently  well 
known  to  the  inhabitants  of  the  affected  regions  since  remote 
times,  as  it  is  found  to  have  formed  the  subject  of  prayers  and 
supplications  used  by  the  Aztecs  centuries  before  the  Spanish 
Conquest. 

A  short  description  of  the  malady  is  found  in  the  Encyclopaedia 
of  Polanko,  of  Mexico,  in  1760  ;  and  in  Juan  de  Velasco's  '  Historia,' 
in  1789,  in  Columbia.  Velasco  believed  the  malady  to  have  been 
imported  by  African  slaves.  A  fairly  complete  description  is  given 
by  Alibert,  in  1829,  under  the  name  of  '  tache  end^mique  des  Cor- 
dillieres,'  or  '  pannus  carateus.'  Among  the  modern  authors,  the 
clinical  and  pathological  investigation  of  Gomez,  Uribe,  Vribechyel, 
Iryz,  Ruiz  y  Sandoval,  Gastambide,  may  be  mentioned. 

More  recently  the  investigation  into  the  aetiology  of  pinta  by 
Montoya  has  been  of  the  greatest  importance. 

Climatology. — Pinta  is  practically  limited  to  Tropical  America, 
where  it  is  found  in  Venezuela,  Peru,  ChUi,  Central  American  States, 
Mexico.  Cases  have  been  reported  from  Brazil.  It  is  extremely 
common  in  Columbia,  where,  according  to  Montoya,  4  per  cent,  of 
the  total  population  is  affected.  There  the  patient  affected  with 
the  disease  is  called  '  caratejo.'  The  disease  is  not  equally  dis- 
tributed ;  in  each  country  there  are  localities  where  the  disease  is 
common,  while  other  districts  are  almost  unaffected.  In  Columbia 
it  is  the  northern  province  of  Santander  which  is  more  particularly 
affected ;  in  Mexico  the  disease  is  most  frequently  found  in  the 
provinces  of  Tabaxo,  Chiaspas,  Valladolid,  Michoacan. 

A  few  cases  of  pinta  have  been  reported  from  Egypt  by  Madden, 
Goodman,  and  Sandwith,  and  previously  Legrain  described  some- 
what similar  cases  from  Tripoli  and  the  Sahara.  Legrain,  however, 
did  not  find  any  fungus.  A  few  isolated  cases  have  also  been 
reported  from  the  Gold  Coast,  and  others  from  the  Philippine 
Islands  by  P.  G.  WooUey.  In  Ceylon  and  India  only  imported 
cases  are  seen. 

.ffitiology. — Previously  to  Ruiz  y  Sandoval  and  Montoya's  in- 
vestigations the  disease  used  to  be  ascribed  to  many  different  causes. 
Some  authors  believed  it  to  be  due  to  the  mineral  salts  (sulphates) 
contained  in  the  waters  of  the  mines  and  other  localities  where  the 
malady  is  endemic  ;  others  considered  it  to  be  due  simply  to  insani- 
tary conditions,  insufficient  food,  and  a  hot  and  damp  climate ; 
others,  again,  believed  the  affection  to  be  induced  by  the  action 
on  the  skin  of  volcanic  cinders  ;  while,  according  to  some  authorities, 
the  malady  was  a  hereditary  complaint. 

Ruiz  y  Sandoval,  in  Mexico,  first  detected  the  parasitic  nature 
of  pinta.  He  believed  there  was  only  one  species  of  fungus  to  be 
found  in  the  affection,  and  that  the  different  colours  of  the  patches 
were  due  to  the  different  depth  the  fungus  was  growing  in  the 
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various  strata  of  the  epidermis.  Montoya's  classical  researches  in 
i«98  clearly  showed  the  plurality  of  species  and  genera  of  the  fungi 
found  in  the  disease,  and  demonstrated  that  each  variety  of  pinta 
IS  due  to  a  different  fungus.  More  than  twenty  different  species 
were  found  by  him. 

In  the  present  state  of  our  knowledge  of  pinta,  it  is  impossible 
to  give  a  satisfactory  classification  of  these  fungi.  The  principal 
ones  may  be  collected  into  the  following  groups  : 

I.  Fungi  of  genus  Aspergillus:  Aspergillus  pictor  Blanchard 
1895,  and  several  other  species.  A.  pictor  is  found  in  the 
pure  violet  variety  of  pinta  ;  the  other  species  are  observed 
in  the  pure  blue  and  bluish  and  violet-black  varieties,  as 
well  as  in  a  form  of  the  red  variety.  Several  of  these  species 
are  not  in  reality  true  Aspergilli,  as  they  possess  organs  of 
fructification  intermediate  between  those  of  the  genus 
Aspergillus  .ATxA.  those  of  the  genus  Penicillium. 

II.  Fungi  of  genus  Penicillium :  Penicillium  montoyai  Castellani 
1907,  and  several  other  species.  They  are  found  in  some 
greyish-violet  varieties  of  pinta. 

III.  Fungi  of  genus  Monilia :  Monilia  montoyai  Castellani  1907. 

Found  in  some  cases  of  white  pinta. 

IV.  Fungi  of  genus  Montoyella  .  Montoyella  nigra  Castellani  1907. 

Found  in  one  variety  of  black  pinta.     M.  bodini  Castellani 
1907.     Found  in  a  red  variety  of  pinta. 

The  term  Aspergillus  {Trichophyton)  pictor,  introduced  by  Blanchard  in 
1895,  when  the  plurality  of  species  of  the  fungi  found  in  pinta  had  not  yet 
been  demonstrated,  is  now  used  in  a  restricted  sense  to  indicate  the  Asper- 
gillus found  in  the  pure  violet  variety  of  the  disease. 

Montoya  believes  that  the  fungi  found  in  Columbian  pinta,  or  caraate,  are 
different  species  from  those  found  in  Mexican  pinta. 

Appearance  of  the  Fungi  in  Fresh  Preparations. — Scrapings  from 
the  patches  examined  in  liquor  potassae  show  in  most  cases  between 
the  epithelial  cells  long  dichotomous  mycelial  threads,  from  which 
shorter  and  thicker  branches  take  origin  at  various  points.  These 
thicker  branches  terminate  in  comparatively  large  fructifications. 
The  morphological  characters  of  these  fructifications  vary  according 
to  the  species  and  genus  of  the  fungus  present.  They  may  be  typical 
aspergillar  or  penicilHum-like  fructifications,  or  they  may  show 
intermediate  characters  between  those  of  Aspergillus  and  Peni- 
cillium. In  many  cases  the  fructification  organ  is  represented  by 
a  pear-shaped  or  triangular  formation,  surmounted  by  five  to  six 
rods  (sterigmata),  each  of  which  supports  a  string  of  five  to  six 
spores.  The  number  of  these  spores,  however,  may  vary.  They 
are  globular,  have  a  smooth  surface,  show  a  double  contour,  and 
their  diameter  is  much  larger  than  that  of  the  mycelial  tubes. 

In  the  cases  where  the  fungus  present  is  a  Monilia  or  a  Montoyella, 
such  or  similar  fructifications  are  absent,  and  only  mycelial  tubes 
and  some  scattered  spores  are  seen. 
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Cultures.— The  various  fungi  found  in  pinta  are  easily  cultivated, 
the  best  medium  being  Sabouraud's  maltose  agar.  The  optimum 
temperature  is  between  30°  and  40°  Celsius. 

The  composition  of  Sabouraud's  medium  is  : 

Maltose        . .  . .  .  -  •  ■  4  grammes. 

Peptone  (Chassaing)  . .  .  .  . .  i  gramme. 

Agar  ..  ..  ..  ..  1-5  grammes. 

Distilled  water  . .  .  .  .  .  100  c.c. 

Culturally,  the  fungi  may  be  divided  in  five  groups  : 

1.  Those  showing  in  cultures  aspergiUar  fructifications. 

2.  Those  showing  penicillium  fructifications. 

3.  Those  showing  intermediate  fructifications  between  the  Asper- 
gillus and  the  Penicillium. 

4.  Those  showing  simpler  fructifications  characteristic  of  the 
genus  Monilia — viz.,  a  mycelial  thread  terminating  in  a  single 
string  or  small  bunch  of  roundish  spores. 

5.  Those  in  which  higher  organs  of  reproduction  are  absent,  and 
reproduction  takes  place  somewhat  similarly  to  what  is  observed  in 
the  genera  Microsporon  and  Trichophyton — by  conidia  and  terminal 
segmented  and  unsegmented  '  spindles.'  The  fungi  of  this  group 
found  by  Montoya  in  a  variety  of  black  pinta,  by  Bodin,  and  later 
by  Castellani,  in  a  variety  of  red  pinta,  constitute  the  genus  Mon- 
toyella. 

Inoculation  Experiments. — Montoya  has  tried  to  infect  rabbits, 
using  various  cultures  of  the  fungi  found  in  the  disease.  On  several 
occasions  a  desquamation  of  skin  and  loss  of  hair  was  observed, 
and  some  chromatic  patches  appeared.  Uribe  succeeded  in  inocu- 
lating several  mulattoes. 

According  to  Montoya,  the  fungi  of  pinta  live  saprophytically  in 
certain  waters,  especially  in  those  of  mines  and  localities  where  the 
temperature  is  constantly  high.  He  states  that  he  obtained  pure 
cultures  of  the  pinta  fungi  direct  from  such  waters.  He  has  also 
found  the  same  fungi  as  ectoparasites  on  the  bodies  of  mosquitoes 
of  the  genus  Culex,  on  sandflies  [Simulium),  and  on  the  body  of 
some  bugs  [Cimex)  which  are  very  common  in  the  mines.  He 
believes,  therefore,  that  mosquitoes  and  other  insects  play  a  role 
in  the  transmission  of  the  disease. 

In  some  old  chronic  cases  of  pinta  an  Acarus — somewhat  resem- 
bling Acarus  scabiei,  though  larger — has  been  found  to  live  in  the 
epidermal  squamae,  and  sorne  writers  believe  that  this  Acarus  also 
plays  a  part  in  the  transmission  of  the  malady. 

Predisposing  Causes. — What  the  older  authors]  believed  to  be 
the  true  causes  of  pinta — viz.,  a  hot,  damp  climate ;  insanitary 
surroundings  and  poor  feeding  ;  the  mineral  salts  contained  in  the 
waters — are  only  predisposing  causes,  some  of  which,  however,  are 
of  great  importance.  The  hot,  damp  climate  favours  the  growth 
of  the  fungi ;  the  water  of  the  mines,  which  contains   a  large 
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w''^^hi"''T^^  '^l*'.  (especially  sulphates),  produces  after  a 
?i.T  nth?.  °  "f  '*  /^'  T''^^^^'  ^^^^  ^  dermatitis  with  fissures 

fnfectLn       ®''^^"'^*°^'-l'^®   ^^^lo^s  which  greatly   facUitate  the 

AH  races  are  liable  to  be  attacked  by  the  disease,  but  mulattoes 
seem  to  be  particularly  prone  to  become  infected.  Albinos  are  said 
to  be  immune.  Both  sexes  are  equally  liable  to  become  infected, 
though  males,  on  account  of  their  occupations,  are  more  frequently 
affected.  The  malady  generally  appears  between  the  age  of  fifteen 
and  twenty-five,  but  it  may  appear  at  any  age,  and  has  been  seen  in 
children  three  or  four  years  old. 

It  has  been  observed  that  individuals  of  the  negro  race  are  more 
liable  to  contract  the  black  variety  than  any  other  kind  of  the 
disease,  while  whites  are  especially  liable  to  contract  the  red  variety 
Miners  and  agricultural  labourers  are  affected  in  most  cases  by  the 
violet  variety. 

Symptomatology. — The  disease  begins  very  gradually.  After  an 
incubation  period,  varying,  according  to  different  authors,  between 
a  few  weeks  and  some  months,  one  or  several  small  slightly  pruri- 
ginous  spots  appear  on  uncovered  parts  of  the  body.  The  spots 
increase  very  slowly  in  size,  and  some  may  fuse  together.  They  are 
roundish,  or  may  have  an  irregular  outline.  At  first  they  are 
hardly  raised  above  the  normal  skin.  The  surface  of  the  patches 
is  generally  dry  and  rough,  and  is  covered  with  fine  pityriasic 
squamae  in  recent  cases,  with  larger  and  thicker  scales  in  older 
ones.  Occasionally,  in  chronic  cases,  the  surface  of  the  patches, 
instead  of  being  dry,  may  be  moist  or  somewhat  greasy  or 
glutinous. 

The  hairs  of  the  affected  regions  become  atrophied,  and  later  on 
fall  out.  The  shedding  of  hair  is  not  due  to  the  fungi  invading 
directly  the  hair  ;  it  is  due  to  a  peculiar  fibrosis  of  the  hair-follicle, 
at  the  place  of  the  hair  a  hard  formation  remaining,  like  a  grain  of 
sand  (fibroid  folliculitis  of  Montoya). 

Pruritus  is  generally  well  marked,  especially  at  night-time.  There 
are  often  patches  of  hyperkeratosis  in  the  palms  and  soles,  and  the 
normal  lines  and  sulci  appear  much  deeper. 

Old  chronic  cases  occasionally  exhale  a  peculiar  musty  odour, 
which  has  been  compared  to  the  smell  of  cat's  urine,  or  to  the  bad 
smell  of  dirty  linen  kept  in  a  warm,  damp  place. 

The  affection  may  spread  to  the  whole  body,  except  the  palms 
of  the  hands  and  the  soles  of  the  feet.  The  nails  are  never  attacked. 
The  scalp  is  not  usually  affected. 

The  disease  has  no  tendency  to  spontaneous  cure.  Its  course  is 
very  chronic,  and  may  last  the  whole  of  the  patient's  life. 

Some  of  the  older  authors  state  that  the  patients  during  the  incubation 
period  suffer  from  fever,  vomiting,  and  diarrhoea.  Montoya  says  that  pmta 
patients  have  not  got  an  odour  sui  generis,  as  stated  by  most  observers.  In 
cleanly  patients  no  smell  whatever  is  felt,  apart  from  the  peculiar  odour  of 
the  negro  race. 
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Clinical  Varieties. — Clinically,  six  different  varieties  may  be  dis- 
tinguished, each  of  which  shows  several  subvarieties  : 

1.  The  Black  Variety. 

2.  The  Blue  Variety. 

3.  The  Violet  Variety. 

4.  The  Red  Variety. 

5.  The  Yellow  Variety. 

6.  The  White  Variety. 

Black  Variety. — The  patches  are  of  a  black  colour,  and  are  very 
often  found  on  the  face,  though  they  may  be  present  on  any  other 
part  of  the  body,  except  the  palms  and  soles,  similarly  to  aU  the 
other  varieties.  The  patches  are  hardly  raised,  and  their  surface 
is  slightly  desquamating.  Pruritus  is  generally  complained  of,  but 
is  not,  as  a  rule,  so  unbearable  as  in  the  other  varieties.  Black 
pinta  is  found  in  negroes  more  frequently  than  in  individuals  of 
Caucasian  race.  The  course  is  very  chronic.  The  treatment  is 
difficult,  though  not  so  difficult  as  in  the  other  varieties. 

Black  pinta  shows  two  subvarieties — one  is  characterized  by  the 
presence  of  patches  of  a  black-violet  colour  ;  the  other  by  patches 
of  jet-black,  indian-ink  black  colour.  The  fungus  found  in  the 
first  is  an  Aspergillus  (species  undetermined)  ;  in  the  second  a  M on- 
toy  ella  [M.  nigra). 

Blue  Variety. — This  is  much  less  frequent  than  black  pinta.  The 
patches  are  of  a  blue  colour.  They  generally  begin  to  appear  first 
on  the  dorsum  of  the  hands,  and  then  tend  to  spread  over  the 
whole  body — uncovered  as  well  as  covered  parts.  There  generally  is 
intense  pruritus. 

The  fungus  usually  found  in  blue  pinta  is  A  spergillus. 

Violet  Variety. — Apart  from  the  colour  of  the  patches,  which  is 
violet,  the  clinical  symptoms  and  course  of  this  variety  are  identical 
with  those  of  blue  pinta.  It  is  extremely  common  among  rural 
labourers  and  miners. 

There  are  numerous  subvarieties  of  violet  pinta.  In  some  cases 
the  patches  are  of  a  pure  violet  colour  ;  in  other  cases  the  colour 
may  be  violet-greyish,  violet-brownish,  violet-purplish.  There  are 
cases  in  which  the  patches  are  at  first  of  a  greenish  colour,  to 
become  violet-bluish  later  on.  The  fungus  found  in  the  pure  violet 
pinta  is  an  Aspergillus  {A.  pictor  Blanchard  1895)  ;  the  fungus 
found  in  the  violet-greyish  cases  is  a  Penicillium — P.  montoyai 
(Castellani)  1907 ;  the  fungi  found  in  the  other  varieties  are  Aspergilli 
or  fungi  presenting  transition  characters  between  the  Aspergillus 
and  the  Penicillium. 

Red  Variety. — ^This  is  the  commonest  variety  found  in  white 
patients.  The  patches  first  develop,  as  a  rule,  on  the  dorsum  of  the 
hands  and  feet,  and  spread  to  large  portions  of  the  body.  The 
patches  are  red — often  brick-red — and  usually  show  a  rather 
abundant  desquamation.  Pruritus  is  very  distressing,  especially 
at  night-time.     Secondary  lesions  due  to  scratchings  and  inbcula- 
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w.°^  pyogenic  micro-organisms  are  not  rare.  Ulcerative  lesions 
have  been  reported  by  several  observers  as  occasionally  occurring. 
.    7  so™e  cases  of  red  pinta  an  Aspergillus  (species  not  determined) 

fr  f?i  -N™  ^^J^  ^  ^"^"^^^  °f  *e  genus  Montoyella  M.  hodini 
(Castellam)  1907,  found  by  Bodin  in  1903  in  a  patient  who  was 
under  the  treatment  of  Darier. 

of  ^rp?fi^+i'  iKj^"^'^*""""^  ^^  "^""^  °^  ^  ^^'"y  ^^il^"-  Montoyella  in  a  case 
A  JII  P^*?  °]i5.«^ved  ma  European  sailor  who  had  long  been  in  tropical 
America  In  this  case  the  disease  had  not  yet  spread  much.  Besides  the 
red  patches,  there  was  on  the  right  forearm  a-  small  greyish-violet  spot,  in 
which  a  fungus  was  found,  which  gave  Penicillium  fructifications  in  cultures 
{±^.  montoyai). 

Red  pinta  is  more  serious  than  any  other  variety,  as  it  affects 
not  only  the  superficial  strata  of  the  epidermis,  but  the  rete  Mal- 
pighii  as  well  as  the  corium. 

Yellow  Variety. — Very  common  among  half-castes.  It  generally 
begins  on  the  chest  or  arms.  The  patches  are  yellow,  and  at  first 
are  not  pruriginous  and  not  desquamating.  In  old  cases,  however, 
there  is  pruritus.  This  variety  is  very  frequently  mixed  with 
patches  of  white  pinta,  and  is  difficult  to  cure.  The  fungi  found 
belong  to  the  genera  Monilia  and  Aspergillus. 

White  Variety. — The  patches  are  of  a  dull  white  colour,  and  are 
■generally  very  large.  The  surface  is  usually  rough  and  desquamat- 
ing, but  at  times  it  may  be  smooth.  In  some  cases  a  fungus  of  the 
genus  Monilia  is  present,  but,  according  to  Montoya,  in  other  cases 
no  fungus  whatever  is  to  be  found.  Montoya  considers  the  white 
variety  of  pinta  to  represent  in  many  cases  the  ultimate  retrogres- 
sive stage  of  all  the  other  varieties  except  the  red.  The  patches 
of  white  pinta  would  be  in  such  cases  in  reality  unpigmented. 
leucoderma-like  areas  due  to  the  disturbing  action  of  the  various 
fungi  on  the  pigmentation  processes  of  the  skin. 

Montoya's  belief  on  the  nature  of  white  pinta  in  some  cases  is  supported 
by  Castellani's  observations  on  tinea  flava  and  tinea  alba.  In  both  these 
dermatomycoses  white,  pseudo-leucodermic  patches  may  occasionally  be  seen 
long  after  the  fungus  had  died  out,  and  tliese  patches  may  remain  unpig- 
mented for  months  and  years. 

Mixed  Variety. — Not  infrequently  the  same  patient  may  be 
affected  with  several  varieties  of  pinta,  presenting  a  grotesque 
tattooed  or  piebald  appearance. 

It  is  especially  white  pinta  which  is  found  associated  with  one 
or  more  of  the  other  varieties. 

Diagnosis. — ^This  does  not  present  any  difficulty  in  the  countries 
where  the  disease  is  endemic.  In  any  doubtful  case  the  micro- 
scopical examination,  supplemented  when  necessary  by  the  use  of 
cultural  methods,  will  clear  the  diagnosis. 

Differential  Diagnosis:  Tinea  nigra. — In  contrast  to  the  black 
variety  of  pinta,  tinea  nigra  is  very  superficial,  does  not  extend  to 
large  portions  of  the  body,  may  attack  the  palms  of  the  hands,  is 
not  pruriginous,  is  easily  cured  except  when  affecting  the  palms. 
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The  microscopical  examination  of  scrapings  from,  patches  of  tinea 
nigra  will  show  mycelial  tubes  of  irregular  shape  and  large  globular 
spores  collected  in  bunches.  The  spores  are  grouped  together  in  a 
somewhat  similar  manner  to  what  one  sees  in  pityriasis  versicolor. 

Tinea  flava. — In  contrast  to  yellow  pinta,  the  fungus  of  tinea 
flava  is  a  Malassezia,  has  the  same  morphological  characters  of  the 
fungus  found  in  pityriasis  versicolor,  and  cannot  be  grown  arti- 
ficially. 

Tinea  albigena  and  Tinea  alba. — These  are  trichophytic  affections, 
and  are  easily  distinguished  by  the  characters  of  the  fungi. 

Leprosy  can  be  distinguished  from  white  pinta  lesions  by  the 
sensibility  not  being  impaired  in  Pinta. 

Only  white  pinta  patches  with  no  fungus  might  be  mistaken  for 
leucoderma  on  superficial  examination.  White  pinta  is  very  often 
associated  with  other  varieties  of  pinta,  which  are  easily  diagnosed. 
Leucodermic  patches  are  smooth,  non-pruriginous,  and  the  skin 
surrounding  them  is  often  hyperpigmented. 

Prognosis. — Pinta,  though  not  a  fatal  disease,  must  be  considered 
a  serious  affection,  as  its  course  is  chronic,  and  the  treatment  very 
difficult.  In  most  cases  the  general  health  remains  satisfactory, 
but  the  disfigurement  is  very  distressing  to  the  patients,  who  often 
become  nervous  and  irritable.  The  pruritus,  which  is  generally 
more  marked  at  night,  is  also  a  cause  of  great  distress  and  sleep- 
lessness. 

Treatment. — ^The  popular  treatment  in  Columbia  is  citrine  oint- 
ment (mercury  nitrate  ointment).  Other  parasiticides  have  been 
tried,  with  a  varying  degree  of  success.  When  the  eruption  is  at 
the  very  beginning,  tincture  of  iodine  may  suffice.  The  best  results 
have  been  obtained  by  using  chrysarobin  (chrysarobin,  gr.  x.  to  xxx.; 
ung.  zinci  ox.,  §i.).  This  must  be  applied  cautiously.  When  the 
malady  affects  large  tracts  of  the  body,  only  a  portion  should  be 
treated  at  a  time,  to  prevent  as  far  as  possible  symptoms  of  absorp- 
tion. The  urine  should  be  regularly  analyzed '  during  the  treat- 
ment. The  chrysarobin  ointment  must  not  be  applied  to  the  face, 
lest  a  severe  conjunctivitis  should  develop.  For  the  face  a  resorcin, 
or  resorcin-sulphur,  or  resorcin-salicylic,  or  salicylic  acid  ointment 
(resorcini,  gr.  xxx.  to  3i.  ;  ac.  salicylici,  gr.  xv. ;  vaseline,  §i.),  is 
advisable,  or  citrine  ointment  may  be  used. 

Montoya  recommends  chrysarobin  dissolved  in  chloroform  (chrysarobin 
lo  parts,  chloroform  90  parts).  Apply  with  a  fine  brush.  When  dry,  apply 
gutta-percha  dissolved  in  chloroform  (gutta-percha  10  parts  chloroform 
90  parts). 

Chrysarobin  may  conveniently  be  appUed  in  the  form  of  a  vernisol  varnish 
(5  to  10  per  cent.). 

PIEDRA. 

Synonym. — Trichosporosis  tropica. 

Definition.— Piedra  is  a  mycotic  disease  of  some  parts  of  South 
America  causing  small  nodosities  on  the  hair. 
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rolffmhTi'''~™'n'^'ll^'^  °!,*^''  "^^'^  ^"  ^"^^d  in  some  districts  of 
nftW^r'  ^^P^^ially.the  valleys  of  Canca ;  but  closely  allied  con- 

?n  emnPr.t°p"^/i''  T^'^^  ^""l'  °^  ^^^^  ^'"^Pi'^S'  and  occasionally 
in  temperate  zones  {ptedra  nostras). 

tr^fS'^^^fTi"  ^"  ^^f''*^'^  ^'^i'"  '"  ^^shed  in  ether,  and  then 
tieated  with  liquor  potass^,  and  examined  microscopically,  the 
nodules  will  be  seen  to  consist  of  large  polyhedric  refringent  bodies, 
held  together  by  an  amorphous  substance  acting  as  cement.  These 
bodies  are  the  spores  of  the  fungus  causing  the  disease  [Trichospomm 
gtganteum  Behrend  1890).  In  Columbia  it  is  generally  believed 
that  the  infection  takes  place  by  washing  the  hair  with  a  mucila- 
ginous oil,  much  used  by  the  women  of  the  country 

Symptomatology.— The  hair  of  the  head  of  women,  and  less  fre- 
quently the  hair  of  the  head  and  beard  of  men,  is  affected.  The 
affected  hairs  present  strings  of  pin-head-sized  nodosities,  which 
are  better  felt  than  seen.  The  nodosities  may  be  very  numerous, 
and  are  found  on  the  surface  of  the  hair-shaft,  either  on  one  side  or 
surrounding  it  like  a  sheath.  They  are  black  and  hard,  though  not 
so  hard  as  the  name  piedra  (stone)  would  imply,  and  a  kind  of 
crepitation  is  produced  when  the  hair  is  combed.  There  is  often 
matting  and  knotting  of  the  hair.  The  disease  is  chronic,  and  the 
nodosities  do  not  disappear  spontaneously. 

Diagnosis. — ^The  microscopical  examination  of  the  nodosities 
renders  the  diagnosis  easy. 

Prognosis. — ^The  affection  is  of  long  duration,  and  has  no  tendency 
to  spontaneous  cure. 

Treatment. — ^This  is  difficult.  It  has  been  recommended  to 
apply  benzene  and  turpentine  to  the  hair,  and  to  wash  the  head 
regularly  with  a  perchloride  lotion  (i  in  2,000).  In  obstinate  cases 
it  is  necessary  to  shave  the  head. 

Triehosporosis  Indica. 

In  India  and  Ceylon  a  condition  similar  to  piedra  is  occasionally  observed. 
It  is,  however,  much  less  severe,  a  few  minute  nodules  only  being  present 
on  the  hairs  of  the  beard  and  moustache,  and  the  hair  of  the  scalp  being 
rarely  affected  The  fungus  seems  to  be  different  from  that  of  the  Columbian 
piedra. 

Trichomycosis  Nodosa  Tropica. 

This  is  common  in  Ceylon,  and  affects  the  hair  of  the  scrotum  and  axillae. 
The  affected  hairs  present  one  or  several  hard,  small  nodules,  which  on  micro- 
scopical examination  show  a  prodigious  number  of  rod-like  organisms,  easily 
stained  with  fuchsin.     Cultures  so  far  have  failed. 

Triehosporosis  of  Temperate  Zones. 

^  Cases  of  triehosporosis  of  temperate  zones,  or  piedra  nostras  (tinea  nodosa), 
have  been  described  by  Beigel  (1869),  Caro,  Behrend,  Unna,  Pick,  Villemin. 
The  nodosities  in  such  cases  have  been  found  on  the  hairs  of  the  moustache 
and  beard,  not  on  the  hairs  of  the  head.  The  fungi  are  slightly  different  from 
T.  giganteum.  Several  species  have  been  described — T.  beigeli  Rabenhorst 
1867,  T.  ovoides  Behrend  1890,  T.  ovale  Unna  1896. 
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Trichomycosis  Nodosa  ol  Temperate  Zones. 

Synonym. — Leptothrix  ;  T.  palmeUina  Pick. 

This  is  found  in  temperate  zones.  The  hairs  of  the  axillae  and  scrotum 
are  brittle,  and  show  numerous  hard  formations  or  concretions  along  the 
shaft.  These  concretions  are  resistant  to  strong  alkalis,  acids,  chloroform, 
ether,  benzine.     Cocci  and  bacilli  have  been  described  by  several  authors. 
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CHAPTER  LVI 

SKIN  DISEASES  {contmued)~DERMATO- 
ZOIASES 

General  remarks-Creeping  eruption-Circinate  creeping  disease-Cutaneous 
and  subcutaneous  myiasis— Derma tophiliasis. 

Remarks,— Dermatoziasis  in  the  wider  sense  of  the  word  means 
any  skin  disease  of  animal  origin,  but  the  term  is  generally  restricted 
to  those  dermatoses  caused  by  animal  parasites  higher  than  pro- 
tozoa. These  skin  diseases  may  be  classified  into  the  following 
groups :  '^ 

I.  Due  to  Platyhelminthes — e.g.  : 

Sparganum  proliferum. 
II.  Due  to  N emathelminthes — e.g.  : 

Filaria  medinensis. 

Agchylostoma  duodenale. 

Necator  americanus. 

III.  Due  to  Arachnida — e.g.  : 

Sarcoptes  scabiei. 
Rhizoglyphus  parasiticus. 
Demodex  folliculorum. 

IV.  Due  to  Hexapoda — e.g.  : 

Larvae  of  various  flies. 
Dermatophilus  penetrans. 
Most  of  the  dermatozoiases  have  been  mentioned  in  connection 
with  the  parasites  which  cause  them  (Chapter  XX.),  while  others, 
such  as  scabies,  cannot  be  considered  as  strictly  tropical  diseases, 
and  hence  cannot  be  dealt  with  here.  It  only  remains  to  draw 
attention  to  the  creeping  eruptions,  cutaneous  myiasis,  and  derma- 
tophiliasis. 

CREEPING  ERUPTION. 

Synonym. — Larva  Migrans. 

This  disease  was  first  described  by  A.  Lee  in  1875.  Later  on, 
Procke,  Blanchard,  Topsent,  Fiilleborn,  and  others  have  re- 
corded several  cases.  It  is  not  rare  in  some  parts  of  Europe,  Africa, 
and  Asia,  and  in  South  America.  It  is  extremely  rare  in  North 
America. 
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iEtiology  and  Pathology.— Larvee  of  the  genera  Gastrophilus, 
(Estromya  satyrus,  Hypoderma  bovis,  and  H.  lineata  have  been  found 
in  several  cases.  In  others  no  larva  whatever  was  found.  Looss 
states  that  the  same  clinical  picture  may  be  caused  occasionally  by 
agchylostoma  and  strongyloides  (AnguilMa)  larvae. 

Symptomatology. — The  eruption  is  characterized  by  the  presence 
of  a  narrow  raised  red  line,  |  to  i  inch  broad.  This  hne  extends 
daily  one  or  several  inches,  and  is  generally  sinuous,  but  may  be 
straight.  While  the  advancing  end  progresses,  the  opposite  end 
slowly  fades  away.  The  duration  of  the  malady  is  long— generally 
several  months,  but  occasionally  two  or  three  years.  There  is  much 
pruritus. 

Treatment. — Hypodermic  injections  of  various  disinfectants 
have  been  tried  with  httle  success.  Hutchins  recommends  a 
cocaine  injection,  followed  by  the  injection  of  r  or  2  drops  of  chloro- 
form. 

CIRCINATE  CREEPING  DISEASE. 

In  Ceylon  cases  are  met  with  of  a  .peculiar  eruption,  which  is 
possibly  of  the  same  nature  as  the  creeping  disease  previously 
described,  though  larvae  were  not  found. 

The  condition  is  characterized  by  the  presence  on  the  back  of 
the  hands  of  a  ringed  eruption,  with  markedly  elevated,  thick, 
angry,  red  borders.  In  all  the  cases  the  eruption  started  suddenly 
after  the  patient  had  been  gardening  and  handling  turf.  There 
may  be  one  ring  or  several.  The  skin  inside  the  rings  is  normal. 
The  rings  expand  eccentrically.  The  patients  complain  of  the 
extreme  irritation,  and  in  all  the  cases  stated  that  they  felt  some- 
thing creeping  along  the  red  circles,  as  though  a  worm  had  got 
inside  in  handling  the  turf.  The  duration  varies,  but  it  generally 
does  not  exceed  two  or  three  weeks. 

etiology.- — ^The  eruption  does  not  appear  to  be  a  form  of  dermatitis 
venenata,  due  to  touching  certain  plants  and  vegetables.  Possibly 
it  is  due  to  some  larva  entering  the  skin,  but  so  far  the  search  for 
larvae  has  been  fruitless.     No  trichophyton-like  fungus  is  present. 

Treatment. — Liq.  plumbi  and  other  soothing  applications  are 
generally  useless.  The  best  results  are  obtained  by  continuously 
applying  on  lint  a  diluted  alcoholic  solution  of  resorcin  : 

Resorcin  . .  . .  . .  . .  . .     S. 

Sp.  rect.  . .  . .  . .  . .  . .     gii. 

Aq.  dest.  . .  . .  . .     ad  gxii. 

CUTANEOUS  AND  SUBCUTANEOUS  MYIASIS. 

Cutaneous  and  subcutaneous  myiasis  is  the  invasion  of  the  skin 
and  subcutaneous  tissues  by  the  larvae  of  species  of  Diptera 
(Chapter  XX.). 

The  genera  and  species  which  are  commonly  met  with  are 
Dermatobia  cyaniventris  Macquart,  D.  kenice  Kolb,  Cordylobia 
anthropophaga  Griinberg,  Dermatophilus  penetrans  Linnaeus. 
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DERMATOBIASIS. 

This  is  the  infection  with  Dermatobia  cyaniventris  or  D.  kenice, 
and  has  been  sufficiently  described  in  Chapter  XX.,  p.  551. 

CORDYLOBIASIS. 

Definition.— Cordylobiasis  is  the  invasion  of  the  skin  and  subcu- 
taneous tissue  by  the  larvae  of  CordyloUa  anthropophaga  Griinberg 
(Tumbu-fiy  disease). 

Remarks. — Recently  several  new  and  valuable  papers  on  this 
affection,  which  is  often  called  the  '  Tumbu-fly  disease,'  have 
appeared,  especially  those  by  Austen,  Smith  and  Blenkinsop  in 
1908. 

Symptomatology. — The  eggs  are  apparently  sometimes  laid  on 
the  clothing,  the  fly,  perhaps,  being  attracted  by  the  odour,  or  per- 
haps the  larva  wanders  from  the  floor  on  to  the  human  being, 
especially  when  using  the  latrine.  The  parts  most  affected  are  the 
thigh  and  buttocks  in  Europeans,  but  the  forearm,  axilla  (especially 
in  natives),  and  the  head  also  may  be  invaded.  The  infected  area 
presents  the  appearance  of  a  boil,  in  the  central  portion  of  which 
there  is  an  opening,  more  or  less  clearly  defined,  which  is  marked 
by  black  matter  (the  excrement  of  the  larva).  In  this  hole  the 
posterior  end  of  the  larva  may  be  noted,  and  on  pressing  on  it  con- 
siderable pain  is  produced,  probably  due  to  the  movements  of  the 
larva.  Surrounding  the  central  opening  is  an  inflamed  area  about 
f  inch  in  diameter.  The  opening  may,  however,  be  obscured  by 
dried-up  discharge. 

Treatment. — Removal  of  the  larva  is  very  simply  effected  by 
seizing  it  by  a  pair  of  forceps  and  pulling  it  out. 

DERMATOPHILIASIS  (Jigger). 

Definition. — Dermatophiliasis  is  the  invasion  of  the  skin  and 
subcutaneous  tissue  by  the  pregnant  female  jigger  (DermatopMlus 
penetrans) . 

Remarks.— The  home  of  the  jigger  is  in  tropical  America,  from 
23°  N  to  28°  S.,  but  it  and  its  wanderings  over  the  world  have  b'een 
sufficiently  described  in  Chapter  XXL,  p.  581.  At  present  it  is 
found  in  South  America,  West  and  East  Africa,  Madagascar, 
Uganda,  India,  and,  it  is  said,  China. 

Pathology.— The  pregnant  female  jigger  pierces  the  skm  obhquely 
near  the  nails  and  between  the  toes,  but  it  may  occur  m  any  part 
of  the  foot  and  even  on  the  arms,  scrotum,  and  face.  All  but  the 
last  two  segments  are  embedded  in  the  skin.  These  last  segments 
plug  the  orifice,  and  discharge  the  eggs.  .  ,    .    ,  .  .  ■    -^ 

Symptomatology.— The  symptoms  begin  with  itching  and  irrita- 
tion, generally  in  some  part  of  the  foot,  especially  the  toes,  and 
often  under  the  toe-nail.     On  inspection,  a  small  dark  dot  (the  last 
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two  abdominal  segments  of  the  parasite)  is  noticed  in  the  skin.  If 
left  alone,  painful  inflammation  and  suppuration  develops  around 
the  distended  abdomen  of  the  parasite,  giving  rise  to  a  swelling 
which  may  attain  the  size  of  a  small  pea,  in  the  centre  of  which  is 
seen  a  depression  containing  the  black  dot,  and,  finally,  ulceration 
takes  place,  and  the  body  of  the  parasite  is  thrown  off,  but  not 
until  all  the  eggs  are  laid. 

When  the  parasite  has  been  dislodged  by  treatment  or  suppura- 
tion, a  small  ulcer  is  left,  which  is  very  liable  to  septic  or  other 
bactei;ial  infections.  These  infections  may  lead  to  phagedsena, 
gangrene,  and  tetanus.  When  the  feet  are  badly  affected,  walking 
is  impossible,  which  is  of  especial  importance  in  carriers  and  native 
troops. 

Treatment. — ^The  treatment  is  the  careful  removal  of  the  Uttle 
insect  with  a  clean  needle,  after  rubbing  weak  carbolic  ointment 
or  lotion  into  the  foot,  and  cleansing  and  dressing  the  little  wound 
antiseptically. 

Prophylaxis. — Prophylaxis  consists  in  keeping  the  house  clean, 
and  pigs,  poultry,  and  cattle  kept  away  therefrom.  High  boots 
should  be  used,  and  especial  care  should  be  taken  not  to  go  to  a 
ground-floor  bathroom  with  bare  feet.  The  feet,  especially  the 
toes  and  under  the  nails,  should  be  carefully  examined  every  morn- 
ing to  see  if  any  black  dot  can  be  discovered,  when  the  jigger  should 
be  at  once  removed,  and  in  this  way  suppuration  will  be  prevented. 
It  is  advisable,  also,  to  sprinkle  the  floors  with  carboUc  lotion, 
J  eyes'  fluid,  or  with  pyre  thrum  powder,  or  with  a  strong  infusion  of 
native  tobacco,  as  recommended  by  Low  and  CasteUani. 
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CHAPTER  LVII 
SKIN   DISEASES  (conHnued)~VLCERATlONS 

Oriental  sore— Ulcus  tropicum— Ulcus  interdigitale— Ulcus  infantum— 
Keniarks  on  ulcers  m  the  tropics—Granuloma  inguinale— Papilloma 
mgumale — References. 

ORIENTAL  SORE. 

Definition.— A  specific  circumscribed  ulcerative  affection  of  the  skin 
caused  by  Leishmania  tropica  Wright. 

The  term  '  Oriental  sore '  has  been  much  abused  in  the  past, 
and  there  is  little  doubt  that  different  diseases  have  been  described 
under  that  name.  The  term  should  be  limited  to  those  ulcerative 
processes  of  the  skin  in  which  L.  tropica  is  found. 

Synonyms.— Delhi  Boil;  Aleppo  Boil;  Biskra  Boil;  Bagdad 
Boil ;  Ulcera  de  Bauru  (Brazil)  ;  Bouton  d'Orient ;  Ulcere  d'Orient ; 
Chancre  du  Sahara  ;  Dermite  Ulcereuse  Circonscrite  (Corre)  ;  Ende- 
mische Beulenkrankheit ;  Botone  d'Oriente;  Godownik,  i.e.,  'yearly 
boil'  (Caucasus);  the  Tartar  name  is  'Il-jarassy'  ('il'  =  year, 
'  jarassy  '  =  boil)  ;  Tschiban,  i.e.,  '  yearly  sore  ' ;  Dous-el-Kourmati, 
i.e.,  '  date  disease  '  (Turkish)  ;  Hhab-el-Seneh,  i.e.,  '  yearly  boil '  ; 
Bess-el-Tenjiir,  i.e.,  '  date  disease  '  (Arabian)  ;  Salek,  i.e.,  '  annual ' 
(Persian)  ;  Pascha-churdj,  i.e., '  fly-bite  ' ;  Afghan  Jara,  i.e., '  Afghan 
plague  '  ;  Jaman  Dyscharagan,  i.e.,  '  malignant  ulcer  '  ;  Taschkent 
Jarassi,  i.e.^ '  Tashkent  ulcef  '  (Tashkent)  ;  Mycosis  Cutis  Chronica 
(Carter)  ;  Lupus  Endemicus  (Lewis  and  Cunningham)  ;  Endemic 
Boil  Disease  (Scheube)  ;  Granuloma  Endemicum  (Brooke)  ; 
Furunculus  Orientalis  (Crocker)  ;  Pian-Bois  (Guiana). 

The  so-called  Nile  boil  has  been  demonstrated  by  Modder  to  have 
nothing  to  do  with  Oriental  sore,  being  of  pyogenic  origin.  The 
so-called  Bucharest  boil,  also,  has  apparently  nothing  to  do  with 
Oriental  sore.  . 

History.- The  earliest  account  of  the  disease  is  to  be  found  m 
Russell's  description  of  Aleppo  boil  in  1756,  in  which  he  states 
that  the  inhabitants  believed  that  it  was  caused  by  the  drmkmg- 
water.  The  disease  was  also  described  by  Hasselquist  m  1762, 
Holland  in  1780,  Volney  in  1787,  Alibert  in  1832,  and  Guillon  m  1835. 
Tholozan,  in  1866,  appears  to  have  been  the  first  to  doubt  the 
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aetiological  value  of  the  drinking-water ;  but  Virchow  is  said  by 
Hirsch  to  have  been  the  first  to  suggest  that  the  .true  cause  might 
possibly  be  a  parasite.  The  aetiology  of  the  disease  has  been  placed 
on  a  sound  basis  by  the  discovery  of  a  Leishmania  in  the  sores 
by  Wright  in  1903. 

Geographical  Distribution.— The  disease  is  endemic  m  many 
tropical  and  subtropical  regions.  In  Africa  it  is  found  in  Morocco, 
Algeria,  the  Sahara  (Biskra,  Gafsa),  Egypt ;  in  Asia  it  is  common 
in  Syria  and  Asia  Minor,  in  Mesopotamia,  Arabia,  Persia,  the 
Caucasus,  Turkestan  (Tashkent),  in  the  Turkmene  district  (Pendhe). 
It  is  very  common  in  some  parts  of  India,  especially  along  the 
Valley  of  the  Indus,  in  the  Rajputana  States,  and  in  the  North- West 
Provinces  (Delhi,  Multan,  Lahore).  In  Europe  the  affection  occurs 
in  the  Crimea,  Cyprus,  Crete.  It  is  known  also  in  Brazil  and  French 
Guiana,  so  that  the  name  '  Oriental  sore  '  is  somewhat  misleading. 

It  is  generally  much  more  common  in  large  towns  than  in  the 
country.  In  some  cities  it  is  so  prevalent  that  even  visitors  of  a 
few  days  only  may  not  escape  it.  Its  occurrence  appears  to  be 
influenced  by  the  seasons,  as,  according  to  Hirsch,  in  the  tropics 
it  is  most  prevalent  at  the  beginning  of  the  cool  season,  and  in 
more  temperate  climates  at  the  end  of  summer.  Laveran  says 
that  in  Biskra,  from  September  to  October  inclusive,  the  slightest 
wound  tends  to  become  transformed  into  the  '  bouton.'  In  some 
years  it  has  been  found  to  be  more  prevalent  than  in  others. 

A  peculiarity  of  the  geographical  distribution  of  the  disease 
is  that  in  the  countries  where  it  is  endemic  its  distribution  is  not 
general,  but  is  confined  to  certain  districts  only  ;  hence  the  numerous 
local  names  given  to  the  malady,  as  Aleppo  boil,  Bagdad  boU,  etc. 

etiology. — Smith  in  1868  and  Fleming  in  1873  claimed  to  have 
found  eggs  of  a  species  of  Distoma  in  the  sections  of  specimens 
of  the  tissues  derived  from  cases  of  Delhi  boil.  Carter  in  1875 
described  a  mycelial  fungus  and  spores.  Deperet  and  Boniet, 
Duclaux  and  Heydenreich  cultivated  various  cocci  in  1884.  In 
1885  Cunningham  described  some  peculiar  parasitic  organisms  of 
various  size  and  shape,  often  endocellular,  easily  brought  in  evidence 
by  staining  with  gentian  violet.  Cunningham  inclined  to  regard  these 
bodies  as  representing  various  stages  of  the  development  of  a  myce- 
tozoal  parasite,  probably  belonging  to  the  group  of  the  Monadidae. 

Riehl  (1886)  isolated  a  capsulated  micrococcus.  Finkelstein 
and  Chantemesse  (1887)  also  cultivated  a  micrococcus  similar  to 
the  organism  described  by  Duclaux.  Poncet  in  the  same  year 
described  a  coccus  in  sections  and  a  very  delicate  bacillus.  Le 
Dantec  and  Auche  in  1894  found  in  a  case  of  Biskra  boil  a  strepto- 
coccus and  the  Staphylococcus  alhus.  In  1897  NicoUe  and  Nourry 
Bey  found  a  streptococcus  which  they  believed  to  be  specific. 
The  organism  was  very  slightly  virulent.  Attempts  to  inoculate 
monkeys  with  the  disease  did  not  succeed.  In  the  same  year 
Brocq  and  Veillon  cultivated  a  streptothrix  from  a  case  of  Aleppo 
boil.      Crendiropuolo  isolated  in  numerous  cases  a  bacillus,  prob- 
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h^^hi'^^^K''^'''^  t?  *^^  ^™i^^'  ^™"P-  Fi^th  in  1891  stated  that 
^Liiu-  f  "^^  ^^^^  ^"^  ^°"^™  *^e  presence  of  the  Cunningham 
^^^^^"^  ^""^'.f  ^\  numerous  cases  of  Delhi  boil.  He  proposed 
lor  the  parasite  the  name  of  Sporozoon  furunculosum.  In  i8q8 
Borowsky  constantly  observed  in  twenty  cases  of  Sarten  ulcer  some 
peculiar  organisms  which  he  thought  to  be  protozoa.  In  fresh 
preparations  the  bodies  were  very  actively  motile,  and  presented 
a  spherical  shape;  sometimes  they  were  spindle-shaped.  The 
maximum  diameter  varied  from  0-5  /x  to  3  /..  The  cell-body  stained 
very  laintly.  The  nucleus  was  placed  eccentrically.  No  chro- 
matin bodies  could  be  put  in  evidence.  Schulgin  in  1902  con- 
firmed Borowsky's  results,  and  suggested  that  the  disease  might 
be  conveyed  by  mosquitoes.  In  1903,  in  a  case  of  tropical  ulcer 
occurring  m  a  boy  from  Armenia,  Wright  described  bodies  very 
similar  to  those  found  in  cases  of  kala-azar.  These  bodies  may 
possibly  be  identical  with  those  seen  by  Cunningham  in  1885. 
Wright's  discovery  has  been  confirmed  by  Mesnil,  NicoUe,  James, 
Strong,  Plehn,  Nattan-Larrier,  and  others.  Marzinowsky  and 
Bogrow  state  that,  independently  from  Wright,  they  found  similar 
bodies  in  cases  of  Pendjeh  ulcer  from  Persia. 

Leishmania  tropica  (Wright)  1903. —  Synonyms :  Hekosoma 
tropicum  (Wright)  1903,  Ovoplasma  orientate  (Marzinowsky  and 
Bogrow)  1904,  Leishmania  wrighti  (Nicolle)  1908,  Crithidium 
cunninghami  (Carter)  1909.  Common  name :  Wright-Cunningham 
body,  Wright  bodies.  The  parasite  bears  the  greatest  resemblance 
to  Leishmania  donovani — in  fact,  a  distinction  based  on  morpho- 
logical grounds  is  practically  impossible.  The  bodies  are  roundish 
or  oval,  2  /x  to  4  ju  in  diameter,  with  sharply  defined  outline. 

In  preparations  stained  with  Romanowsky's  method  or  the 
Leishman  or  Giemsa  modifications  of  this  method  the  bodies  appear 
stained  at  the  periphery,  with  a  central  portion  unstained.  They 
contain  a  spherical,  rather  large,  purplish-stained  nucleus  towards 
one  pole,  and  a  smaller,  often  rod-like  formation,  also  stained 
purplish,  at  the  other  pole.  In  films  some  of  these  bodies  are  free  ; 
others  are  embedded  in  the  protoplasm  of  large  mononuclear  cells, 
with  somewhat  feebly  stained  nuclei  (proliferated  endothelial  cells, 
according  to  Wright).  Sometimes  such  cells  contain  as  many  as' 
twentv  or  more  micro-organisms.  The  developmental  cycle  of 
the  parasite  is  not  yet  known.  Nicolle  first  succeeded  in  cultivating 
it,  using  a  medium  composed  of  agar  and  rabbit-blood.  The  forms 
observed  in  cultures  are  practically  identical  with  the  cultural  fornis 
of  Leishmania  donovani,  but  according  to  Nicolle,  the  flagellurn  is 
somewhat  longer,  and  undergoes  early  division.  Nicolle  and  Siere 
have  succeeded  in  reproducing  the  disease  in  a  monkey  by  inoculating 
scrapings  containing  the  parasite.  Various  authors  have  described 
the  spontaneous  occurrence  of  Oriental  sore,  or  a  very  similar  ulcera- 
tion,  in  dogs,  rabbits,  camels,  and  other  animals.  Carter  and  Nattan- 
Larrier  consider  that  there  are  several  varieties  of  L.  tropica  pro- 
ducing similar  but  not  identical  clinical  phenomena  in  man. 
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Mesnil,  NicoUe,  and  Remlinger  have  observed  the  parasites  to  be  present 
occasionally  in  true  polymorphonuclear  leucocytes,  besides  being  found  in 
the  mononuclear  leucocytes  as  usual.  Mesnil  has  observed  in  some  cases 
a  typical  '  bacillary  '  form. 

The  medium  used  by  Nicolle  for  the  cultivation  of  the  parasite  is  composed 
as  follows  : 

Agar        .  .       ■ 14  grammes. 

Salt  6 

Water      .  .  .  .  .  .  .  .  .  .  .  .      900  c.c. 

This  is  dissolved  in  a  large  flask  in  a  Koch's  stove,  and  then  distributed  in 
tubes.  After  sterilization,  to  each  tube  is  added  one-third  rabbit-blood, 
collected  with  all  aseptic  precautions.  The  tubes  are  kept  aslant  for  twelve 
hours,  then  kept  at  37°  C.  for  five  days,  after  which  they  are  kept  at  the 
ordinary  temperature  for  some  days  before  using. 

Histopathology. — The  histopathology  of  the  disease  has  been 
studied  by  Unna,  Leloir,  Kumm,  Riehl,  Wright,  Strong,  and  by 
Bettmann  and  von  Vasielewski.  The  histological  lesions  consist  essen- 
tially in  the  atrophy  and  disappearance  of  the  epidermis  of  the  part 
and  in  a  very  extensive  cellular  infiltration  of  the  corium  and  papillae 
by  various  kinds  of  lymphoid  cells,  plasma  cells,  and  numerous 
large  roundish  cells  containing  a  single  faintly  stained  vesicular 
nucleus  and  large  amount  of  cytoplasm.  These  large  roundish 
cells,  which  are  probably  proliferated  endothelial  cells,  contain  often 
many  of  Wright's  bodies  closely  packed  together,  occupying  most 
of  the  available  space  between  the  nucleus  and  the  cell  periphery. 

Communicability. — ^The  disease  may  be  conveyed  by  direct 
infection  from  person  to  person,  by  absorption  of  the  virus  through 
some  pre-existing  abraided  surfaces,  or  small  wounds  or  ulcers  of 
other  nature  present  on  the  skin.  Insects,  especially  flies,  prob- 
ably play  a  certain  role  in  the  transmission  of  the  disease.  That 
flies  convey  the  disease  was  first  claimed  by  Seriziat  (1875)  and 
by  Tscherepkin  (1876). 

Tscherepkin  states  that  by  the  people  of  Tashkent  the  disease 
is  called  '  pascha-churdj,'  meaning  '  fly-bite.'  Laveran  thinks  that 
flies  carry  the  virus  on  their  feet  and  proboscis,  and  thus  convey 
infection.  Schulgin  believes  the  disease  to  be  conveyed  by  mos- 
quitoes. Ed.  Sergent  and  Pressat  have  suggested  that  some 
'  Phlebotomus  '  may  play  a  role  in  the  transmission  of  the  disease. 

The  disease  is  inoculable  from  man  to  man,  as  is  clearly  proved  by 
the  experiments  of  Marzinowsky.     It  is  also  auto-inoculable. 

Marzinowsky  inoculated  himself  with  Oriental  sore  by  putting  inside  the 
bulla  caused  by  an  artificial  burn  on  his  hand  some  material  (scraping)  derived 
from  an  Oriental  sore.  After  ten  days  from  the  inoculation  he  began  to  feel 
unwell  and  feverish,  and  suffered  from  headache  and  general  debility.  The 
fever  lasted  two  weeks.  With  the  beginning  of  these  general  symptoms  a 
papule  appeared  at  the  seat  of  inoculation,  which  slowly  developed  into  a 
typical  Oriental  sore.  Scrapings  contained  many  parasites.  The  Bagdad 
Jews,  according  to  Colvilli,  inoculated  their  children  with  the  disease,  as  they 
thought  that  after  having  got  over  it  once,  there  was  no  danger  of  getting  it 
again. 

Symptomatology. — One  or  several  small  pruriginous  spots  appear 
on  the  skin  of  uncovered  parts  of  the  body,  not  much  dissimilar 


ORIENTAL  SORE  iii.S 

at  the  very  beginning  from  mosquito-bites,  for  which. they  are  often 
taken  by  the  patients.  The  spots,  however,  instead  of  slowly 
fading,  becomfe  red  and  shotty,  with  an  inflamed  areola,  which  later 
becomes  markedly  indurated.  The  papules  slowly  enlarge  to  the 
size  of  a  pea  or  bean  ;  the  surface  gradually  loses  its  smooth  and 
shiny  appearance,  and  becomes  covered  with  small  thin  scales. 
After  a  period  of  time,  somewhat  variable  in  length,  but  generally 
not  exceeding  three  to  four  months,  the  ulceration  of  the  nodule 


Pig.   359.— Oriental  Sore  in  a  Persian  Soldier. 
(From  a  photograph  of  Drs.  A.  Bassiere  and  Nattan-Larrier.) 

begins  At  first  the  ulceration  is  very  superficial,  and  exudes  a 
veflowish  secretion,  which  soon  dries  into  a  hard,  adherent,  darki^ 
S.  Underneath  the  scab  the  ulcerative  process  and  Jsmtegra- 
tion  of  the  nodule  continues  ^lowlj  to  spread^  The  tissues  s^^^ 
rnnnflme  the  ulcers  may  become  oedematous.  It  later  tneaarKisu 
3br?em'o%ed,  an  u  Jr  is  seen,  about  an  inch  or  morej  diame^^^^ 
with  sharp-cut,  jagged  edges  and  f  regular  fundus   w^^^^ 
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glands  are  not,  as  a  rule,  sensibly  enlarged,  unless  there  is  a  secondary 
pyogenic  infection.  The  examination  of  the  blood  shows  a  distinct 
mononucleosis. 

Healing  generally  sets  in  after  six  to  twelve  months  by  granula- 
tion, which  begins  in  the  centre  of  the  ulcer,  the  unhealthy-looking, 
large,  yellowish  granulations  giving  place  to  healthy  ones.  A 
whitish  or  pinkish,  often  depressed  and  disfiguring,  scar  remains 
at  the  seat  of  the  ulceration.  After  cicatrization,  the  sore  may 
break  down  again. 

Oriental  sore  may  be  single  or  multiple.  Two  or  three  are  fre- 
quently found  on  the  same  patient,  but  occasionally  there  are  many 
more.    The  sores  are  auto-inoculable  by  scratching. 

The  seat  of  the  ulcers  is  generally  on  uncovered  parts^ — feet, 
legs,  hands,  arms,  face.  They  are  very  seldom  observed  on  the 
palms,  soles,  or  scalp.  The  affection  attacks  people  of  any  race, 
sex,  and  age,  if  they  expose  themselves  to  the  infection. 

Course. — The  length  of  the  incubation  period  is  not  known  with 
certainty.  It  is  generally  stated  that  it  varies  between  a  few  days 
and  six  weeks.  Manson,  however,  has  observed  that  it  may  be 
as  long  as  five  months.  In  one  case  he  made  the  interesting  obser- 
vation that  the  appearance  of  the  sore  was  preceded  several  months 
by  a  fever  of  an  irregular  remittent  type,  not  influenced  by  quinine, 
and  having  some  features  of  the  fever  of  Indian  kala-azar. 
Attacks  of  irregular  fever  during  the  incubation  and  the  course 
have  been  recorded  by  several  authors.  During  one  of  these 
febrile  attacks  Neumann  observed  L.  tropica  free  in  the  liquor 
sanguinis  of  the  patient. 

The  duration  of  the  eruption  varies  from  four  or  five  months 
to  twelve  months  and  more.  Repeated  attacks  of  the  disease 
often  occur.  ' 

Diagnosis. — In  countries  where  the  affection  is  endemic  the 
diagnosis  in  most  cases  is  not  difficult.  The  following  are  the 
principal  data  on  which  to  base  the  diagnosis  : 

1.  The  fact  that  the  patient  comes  from,  or  has  been  living  in,  an 
affected  area. 

2.  The  few  eruptive  elements — often  one  single  element — ^situated 
on  uncovered  parts. 

3.  The  course  :  a  small  papule,  which  slowly  enlarges  into  an 
indurated  nodule,  and  after  several  months  ulcerates. 

4.  The  proximal  lymphatic  glands  are  not  enlarged. 

5.  Presence  of  Leishmania  tropica. 

The  history,  the  absence  of  enlarged  lymphatic  glands,  and  other 
symptoms  of  syphilis,  and  the  uselessness  of  the  mercurial  treatment, 
will  help  in  excluding  syphilis.  In  framboesia  there  is  a  primary 
sore,  which,  after  a  time,  is  followed  by  a  general  granulomatous 
eruption.  We  have,  however,  seen  cases  of  framboesia  patients 
who,  after  the  general  eruption  has  disappeared,  have  remained 
for  months  with  a  single  or  a  few  sores  closely  resembling  the  Oriental 
sore.     In  fact,  we  believe  that  in  a  certain  number  of  cases  it  is 
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'  InrJ/'^^'V^*  to  make  the  differential  diagnosis  between  Oriental 
sore  and  ulcers  of  tubercu  ar,  syphilitic,  or  framboetic  origin  ;  also 
trom  cancroid  when  the  ulcer  is  single  and  situated  on  the   face 

^J^L^^'^^'^l^^^l'^^  °"^^  ^^^^^''^^  ^^y  t«  come  to  a  definite 
diagnosis  m  difficu-lt  cases  is  the  microscopical  examination.  To 
do  this  the  scab  is  removed,  and  a  scraping  is  taken  from  the  floor 
and  edges  of  the  ulcer.  The  preparation  is  then  coloured  with 
Welshman  s  or  Giemsa's  stain,  or  any  other  of  the  numerous  modifica- 
tions of  Romanowsky's  method,  and  examined  for  the  presence  of 
Letshmania  tropica.  The  search  must  be  prolonged  in  some  cases 
as  the  parasites  may  be  very  rare. 

Prognosis.— The  prognosis  is  good,  quoad  vitam.  Very  occasion- 
ally the  disease  may  end  fatally,  owing  to  the  ulcers  becoming 
phagedaenic,  and  to  secondary  septica&mic  and  pyaemic  processes. 
Sometimes  the  scars  remaining  after  the  ulcers  have  healed  up 
shrink  considerably,  and  if  they  are  on  the  face,  may  give  rise  to 
serious  disfigurement. 

Treatment. — ^The  treatment  of  Oriental  sore  is  very  unsatisfactory. 
Nitrate  of  mercury  ointment,  alum  ointment,  boric  acid,  and  various 
other  antiseptics  have  been  recommended,  with  very  poor  results. 
Formalin  often  irritates  the  ulcer,  and  may  produce  a  dermatitis. 
Rontgen  rays  have  been  tried,  without  any  good  result.  An  ex- 
pectant treatment  is  generally  to  be  advised.  The  scabs  should 
be  removed  by  boracic  acid  fomentation  and  then  the  sores  must 
be  thoroughly  disinfected  once  or  twice  daily  with  a  i  in  1,000 
solution  of  perchloride  of  mercury  or  2  per  cent,  carbolic  acid, 
after  which  one  of  the  ordinary  antiseptic  ointments  (^-naphthol, 
gr.  V.  ;  vaseline,  3i. ;  iodoform  or  europhen,  gr.  v. ;  ung.  ac.  borici, 
pi.)  or  an  antiseptic  powder  (iodoform  or  xeroform  or  boric  acid) 
is  applied. 

Marzinowsky,  after  removing  the  crust,  and  cleansing  the  ulcer  with 
antiseptic  lotion,  applies  a  10  per  cent,  lotion  of  ferropyrin  to  stop  the  bleeding, 
and  then  applies  thoroughly  a  50  per  cent,  lotion  of  chininum  bimuriaticum 
daily.     He  says  recovery  takes  place  in  between  seven  to  eleven  days. 

Schulgin  advises  the  freezing  of  the  boil  with  ether.  He  used  this  method 
in  300  cases  with  good  results. 

Several  French  writers  advise  the  use  of  permanganate  of  potassium,  at 
first  in  powder  form,  and  later  as  a  5  per  cent,  ointment. 

Duncan  advises  placing  a  thin  piece  of  lead  over  the  ulcer,  and  then  ban- 
daging up. 

Emily  recommends  the  repeated  applications  of  boric  acid. 

Ondiourminsky  has  applied  to  the  treatment  of  Oriental  sore  Bier's  stasis 
method,  apparently  with  good  results. 

Chulguine  recommends  soaking  the  sore  with  a  solution  of  methylene  blue 
(10  per  cent.). 

Bussiere  advises  dilute  tincture  of  iodine  {10  per  cent.). 

In  other  cases  Bussiere  and  Nattan-Larrier  advise  excision  of  the  sore. 
Several  physicians  praise  the  use  of  silver  nitrate. 

Castellani  had  some  fairly  good  results  in  two  cases  by  washing  the  sores 
with  a  5  per  cent,  solution  of  protargol,  followed  by  the  application  of  a 
20  per  cent,  protargol  ointment.  The  protargol  ointment  cannot  be  used 
on  Europeans  when  the  face  is  afiected,  as  the  protargol,  after  some  time, 
induces  a  discoloration  of  the  skin. 
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Prophylaxis. — ^The  disease  being  very  contagious,  and  being  also 
probably  spread  by  some  blood-sucking  insects,  the  slightest  wound 
and  any  insect-bite  should  be  thoroughly  disinfected  with  carbolic 
acid  5  per  cent.,  or  tincture  of  iodine  lo  per  cent. 

ULCUS  TROPICUM. 

Synonyms. — Yemen  Ulcer,  Aden  Ulcer,  Annam  Ulceration, 
Cochin  Sore,  Mozambique  Sore,  Sarmes  (Congo),  Tropische  Phage- 
denismus  (German),  Ulcere  Phagedenique  des  Pays  Chauds  (French), 
Ulcere  Phagedenique  Endemique  (French),  Ulcera  Tropicale 
(Italian),  Phagedsena  Tropica. 

Definition. — Ulcus  tropicum  is  a  tropical  chronic  sloughing  ulcer, 
which  may  take  a  phagedaenic  character,  and  spread  down  to  the 
muscles  and  bones,  and  which,  left  to  itself,  has  hardly  any  ten- 
dency to  healing. 

History. — Phagedaenic  ulceration  is  mentioned  in  many  of  the 
early  works  on  tropical  medicine.  Thus,  Hunter  in  1792  refers  to 
it  in  Jamaica  in  the  following  terms  : 

'  Sores  .  .  .  spread  quickly,  and  form  large  ulcerated  surfaces.  .  .  . 
The  granulations  turn  flaccid,  and  even  mortify  in  parts.  The  por- 
tion skinned  over  ulcerates  afresh,  and  the  sore  becomes  larger 
than  ever.  Ulcers  of  some  standing  .  .  .  could  not  be  healed  in 
that  country.  .  .  .  Opportunity  was  taken  to  send  home  men  with 
ulcers.' 

After  this  date  there  are  numerous  references  to  the  complaint, 
which  is  generally  described  under  the  name  of  the  locality  in  which 
it  was  found,  which  accounts  for  many  of  the  above  synonyms. 
In  1862  Rochard  took  a  broader  view  of  the  disease,  and  in  1864 
Le  Roy  de  Mericourt  introduced  the  term  '  Phagedaenic  ulcer  of 
warm  countries.' 

In  1874  Treille  suggested  that  the  disease  was  Likely  to  prove 
to  be  of  a  parasitic  origin,  but  he  failed  to  demonstate  any  parasite. 
Bacteria  have  since  been  described  by  many  observers,  and  more 
recently  spirochsetes  have  been  considered  to  be  the  cause  of  the 
disease,  as  will  be  described  in  the  section  on  jEtiology. 

Climatology. — Ulcus  tropicum  is  found  in  aU  tropical  and  sub- 
tropical regions  of  Africa,  Asia,  and  America.  There  are  localities, 
however,  such  as  the  hinterland  of  Aden,  the  low,  marshy  plains  of 
Cochin-China  and  Tonkin,  and  some  islands  of  the  Red  Sea, where 
the  affection  is  particularly  common. 

etiology. — Numerous  bacteria  have  been  described  by  Petit, 
Boniet,  Le  Dantec,  Blaise,  Crendiropoulo,  as  being  the  cause  of  the 
disease.  Vincent  believes  the  affection  to  be  due  to  the  association 
of  spirochaetes  and  fusiform  baciUi  so  frequently  found  in  such 
ulcers.  Vincent's  observations  have  been  confirmed  by  Smith 
and  Peil  in  Sierra  Leone,  Patton  in  Aden,  and  many  other  observers 
in  various  parts  of  the  tropics.  Prowazek'has  recently  fully  de- 
scribed as  cause  of  the  disease  a  spirochsete  which  he  named 
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iP^JochcBta  schaudinni     The  important  researches  of   Keysselitz 
and  Mayer  tend  to  confirm  Prowazek's  work 

Spirochmta  schaudinni  (Prowazek)  1907.— This  is  a  spiral- 
Tn  ^ l  ^""^^"^"^i  ""^7  actively  motile,  its  length  varying  between 
10  /.  and  22  /.  though  much  shorter  or  longer  individuals  may  be 
met  with.  The  coils  are  few  in  number,  and  elongated.  The 
organism  possesses  a  weU-marked  undulating  membrane,  which  is 
best  brought  into  evidence  by  using  Loffler's  flageUar  stain.  A 
delicate,  rather  short  fiagellum  is  occasionaUy  seen  at  one  of  the 
extremities.  Forms  undergoing  longitudinal  division  are  frequently 
observed.  Prowazek  distinguishes,  also,  male  and  female  forms. 
y  ariously  shaped  regressive  and  rest  forms  may  be  seen.  According 
to  Prowazek,  Sptrochcsta  schaudinni,  apart  from  being  more  slender 
has  the  greatest  resemblance  to  the  spirochete  which  Prowazek 
himself  and  Hofman  have  described  in  a  form  of  balano-posthitis. 

According  to  Le  Dantec,  Brault,  Vincent,  and  others,  ulcus  tropicum  is 
Identical  to  the  so-called  '  hospital  phagedaena  '  which  used  to  rage  in  hospitals 
ot  all  countries  before  the  antiseptic  era.  In  our  opinion,  ulcus  tropicum  is 
a  separate  disease,  though  occasionally,  owing  to  secondary  infections  it 
may  take  phagedasnic  characters  similar  to  those  found  in  hospital  gangrene. 

Inoculation  Experiments — Communicability. — Experiments  to  in- 
oculate the  disease  in  men  and  in  the  lower  animals  have  been  made 
by  several  authors.  Blaise  inoculated  himself  with  the  secretion 
of  a  case  of  ulcus  tropicum,  but  no  ulcer  was  produced — only  a 
slight  superficial,  purulent  lesion,  probably  due  to  pyogenic  cocci 
present  as  secondary  infectious  agents  in  the  secretion  which  had 
been  used  for  the  inoculation.  Blaise  tried  to  inoculate  the  disease, 
also,  in  guinea-pigs,  but  without  any  sure  result.  Similar  experi- 
ments on  the  lower  animals  by  Jourdeuil  and  Gayer  failed.  Re- 
cently Halberstadter  tried  to  reproduce  the  affection  in  monkeys 
(ourang-outang  and  Macacus  cynomolgus),  but  without  success. 

It  would  seem,  therefore,  that,  to  a  certain  extent,  the  disease 
is  not  directly  contagious.  It  is  probable  that  some  insects  or 
other  blood-sucking  vermin  may  play  an  important  role  in  the 
transmission  of  the  disease.  In  Ceylon,  patients  often  state  that 
the  ulcer  developed  at  the  site  of  a  leech-bite.  Leeches  are  ex- 
tremely common  in  Ceylon  and  other  tropical  countries.  Prowazek 
in  Java  has  examined  many  leeches,  but  he  never  found  any  spiro- 
chseta  except  once.  The  spirochsete  observed,  however,  was  quite 
different  from  Spirockceta  schaudinni.  Prowazek  examined,  also, 
on  many  occasions  the  mud  of  rice-fields,  but  of  spirochaetes  he 
found  only  S.  plicatilis,  and  once  a  very  thin,  short,  very  actively 
mobile  spirochsete. 

Predisposing  Causes. — A  hot  damp  climate  is  said  to  have  a  pre- 
disposing influence,  as  cases  of  ulcus  tropicum  occur  more  frequently 
in  the  hot  rainy  season  and  marshy  lowland  localities  rather  than 
in  dry  or  higher  regions.  It  may  be  that  it  is  in  hot,  marshy  places 
that  the  carriers  of  the  infection  thrive. 
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The  disease  is  very  common  among  the  poorer  classes  of  the 
population,  who  go  barefooted,  and  wear  but  scanty  clothes.  We 
have  observed  it  very  often  in  beggars  and  in  scabies  patients. 
The  disease  is  much  more  common  in  adults  than  in  children,  in 
men  than  in  women. 

Histopathology. — On  microscopical  examination  of  vertical  sec- 
tions of  the  ulcer,  it  will  be  seen  that  the  superficial  layers  of  the 
fundus  show  a  large  amount  of  granular  detritus  and  numerous  foci 

of  leucoc5^ic  infiltra- 
tion, while  the  deeper 
layers  consist  of  fairly 
dense  fibrous  tissue. 
Hemorrhagic  foci  are 
to  be  seen  in  various 
parts,  and  as  ob- 
served by  Keysselitz 
and  Mayer,  fusiform 
bacilli  and  spiro- 
chjetes  are  found  in 
the  superficial  layers, 
while  in  the  deeper 
strata  only  spiro- 
chetes are  present. 

Symptomatology. — 
The  affection  is  gene- 
rally found  on  the 
lower  limbs,  especi- 
ally the  lower  third 
of  the  leg,  the  ankle 
and  dorsum  of  the 
foot.  Occasionally  it 
may  develop  on  other 
uncovered  parts  of 
(  the  body.  It  is  single 
in  most  cases,  but  two 
or  more  ulcers  may 
be  found  in  some 
patients. 

Ulcus  tropicum 
begins  with  the  ap- 
pearance of  a  small,  painful,  occasionally  pruriginous  papule  or 
papulo-pustule,  surrounded  by  a  deeply  infiltrated  dusky  red  areola. 
The  initial  lesion  soon  undergoes  purulent  and  degenerative  changes, 
which  rapidly  extend  to  the  infiltrated  area.  A  sloughing  process 
sets  in,  and  an  ulcer  is  formed,  which  gradually  extends  in  depth  and 
surface.  The  margins  are  not  sensibly  raised,  nor  thickened,  unless  the 
case  be  very  old.  They  are  not  perpendicularly  cut,  nor  undermined, 
as  a  rule,  the  whole  ulceration  having  generally  a  roundish  or  oval 
outline,  and  when  the  secretion  is  removed  a  concg.v^  fuudus.  The 


Fig.  360. — Ulcus  tropicum  (typical). 
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m[^fn1T°'''''^'"^  the  ulcers  are  often  cedematous,  and  somewhat 
^ttTi  n.?n  Pf  ^.'^«:  It  IS  remarkable,  however,  how  comparatively 
little  pam  there  is  m  many  cases 

v.^h't^^r^-^t'J^l^''^  first  seen,  the  whole  ulcer  is  generally  covered 
Ta^J  o  '^'  ^^i^ty  greyish  secretion,  exhahng  a  highly  offensive 
li^  A  1  '"^™°^^^g  the  secretion,  the  fundus  will  be  found  to  be 
latii        ""^  ""^  '"     '™"'''  ""^^^^  P^'^  pinkish,  and  feebly  granu- 

The  fundus  is  often  somewhat  infundibular  in  its  central  area, 
ana  not  rarely  may  present  a  circular  raised  ridge,  which  divides 


Fig.   3G1. — Ulcus  tropicum. 

the  ulcer  into  two  portions — an  external  more  superficial  one,  and 
an  interna]  infundibuliform  one. 

Occasionally,  if  left  untreated,  the  ulcer  may  take  a  real  phage- 
daenic  character,  involving  a  large  surface,  and  deepening  till  the 
deeper  structures — muscles,  tendons,  and  periosteum — are  affected. 

The  course  is  always  chronic,  lasting  for  months — in  fact,  the 
ulcer  has  hardly  any  tendency  to  spontaneous  healing  if  untreated. 
Healing  takes  place  by  a  very  slow  process  of  granulation,  and 
begins  from  the  periphery.  A  thick,  whitish,  often  disfiguring 
scar  is  left  at  the  place  of  the  ulcerations.  At  times,  however,  the 
cicatrix  is  at  first  very  delicate,  and  the  ulcer  may  break  out  again 
after  the  least  irritation. 
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The  microscopical  examination  of  the  greyish,  bad-smelling  secretion  shows 
leucocytes  undergoing  various  degenerations,  some  red-blood  cells,  threads 
of  connective  tissue,   and   very   often   spirochsetes   and   fusiform   bacteria, . 
of  various  types,  sometimes  accompanied  by  the  usual  pyogenic  cocci.     In  old 
untreated  cases  larvae  of  flies  may  be  found,  small  Acarids,  and  ants. 

Diagnosis. — ^According  to  Le  Dantec,  Vincent,  and  several  other 
observers,  ulcus  tropicum  is  identical  with  '  hospital  phagedsena.' 
The  fact,  however,  that,  in  contrast  to  '  hospital  phagedaena,'  ulcus 
tropicum  shows  very  little  or  no  direct  contagiousness,  and  in  most 
cases  is  self-limited,  clearly  shows,  in  our  opinion,  that  the  two  are 
separate  diseases. 

Differential  Diagnosis — Frambcesia. — The  lesions  in  framboesia  are 
generally  multiple — either  granulomatous  or  ulcerative.  Scrapings 
from  framboesia  lesions — after  the  superficial  strata  have  been  re- 
moved— will  often  reveal  the  Treponema  pertenue,  which  is  much 
more  slender  than  any  of  the  spirochaetes  found  in  ulcus  tropicum. 
Occasionally  an  ulcerative  framboesia  lesion  may  become  infected 
with  the  virus  of  ulcus  tropicum.  In  our  experience,  however,  the 
reverse  is  much  more  common — viz.,  an  ulcus  tropicum  becomes 
infected  with  framboesia  virus,  takes  a  papillomatous  appearance, 
and  is  followed  by  a  general  eruption  of  framboesia  granulomata. 

Syphilis. — Ulcus  tropicum  does  not  show  the  clean-cut  margins 
of  a  tertiary  ulcer.     The  specific  treatment  has  no  influence  on  it. 

Oriental  Sore. — An  old-standing  Oriental  sore  may  present  some 
characters  of  a  chronic  ulcus  tropicum,  though  generally  a  tropical 
ulcer  is  much  larger.  In  such  difficult  cases  the  search  for  Leish- 
mania  tropica,  which  is  present  in  Oriental  sore,  will  clear  the 
diagnosis. 

Ulcers  of  Tubercular  Origin. — They  are  rare  on  the  lower  ex- 
tremities, and  their  development  is  long  and  insidious.  In  ulcus 
tropicum  the  tubercular  ciiti  and  ophthalmic  reactions  are  negative 
unless  the  ulcer  develops  in  a  tubercular  patient. 

Blastomycosis — Sporotrichosis. — In  blastomycosis  there  are  gener- 
ally warty  patches  with  minute  abscesses ;  while  the  lesions  of 
sporotrichosis  often  show  at  first  the  characters-of  gummata.  The 
bacteriological  examination  will  reveal  the  presence  of  the  fungi. 

Mycosis  Fungoides. — Is  generally  preceded  by  a  general  pruri- 
ginous  dermatitis  of  various  character,  lichen-planus-like,  psoriasis- 
like, eczematous-like.  The  ulcerative  lesions  are  multiple,  and 
have  the  characters  of  granulomata. 

Prognosis. — If  untreated,  tropical  ulcer  has  very  little  or  no  ten- 
dency to  spontaneous  recovery,  and  in  some  cases  may  extend, 
damaging  the  deeper  structures,  tendons,  muscles,  nerves,  and 
vessels.  Occasionally  a  general  septicaemia  and  pyaemia  may  super- 
vene. In  countries  where  framboesia  is  endemic  the  ulcer  often 
gets  infected  with  its  virus,  and  the  patient  develops  a  general 
eruption  of  framboesia. 

Treatment. — ^The  patient  must  be  kept  at  rest,  the  dirty,  greyish, 
foul-smelling  secretion  removed  by  using  a  disinfecting  solution, 
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such  as  mercury  perchloride,  i  in  1,000  ;  cyllin,  i  in  300  ;  hydrogen 
peroxide,  10  per  cent.  ;  permanganate  of  potash,  i  in  2,000. 

For  the  first  few  days  it  is  better  not  to  apply  any  so-called 
disinfectant  ointments  or  powders  :  simply  keep  the  ulcer  covered 
with  gauze,  moistened  as  often  as  possible  with  one  of  the  disin- 
fecting solutions  already  mentioned.  This  generally  stops  the 
formation  of  the  greyish,  dirty  secretion.  The  ulcer  will  then 
appear  clean  and  of  a  pinkish  colour ;  but  whatever  be  the  further 
treatment  used,  whether  powders  (iodoform,  boracic  acid)  or 
disinfecting  ointments  (white,  red  precipitate,  or  iodoform  oint- 
ments), the  improvement  will  be  very  slow,  and  several  weeks,  and 
often  months,  will  elapse  before  a  firm  cicatrix  is  formed.  Much 
quicker  results  will  be  obtained  by  using  a  protargol  ointment. 
The  ulcer  is  cleaned  every  morning  with  a  perchloride  lotion  (i  in 
1,000)  ;  then  a  protargol  ointment  (5  to  10  or  20  per  cent.)  is  thickly 
spread  on  a  piece  of  lint  or  gauze  and  applied  to  the  ulcer,  which 
is  then  fairly  firmly  bandaged. 

The  superiority  of  the  protargol  treatment  is  patent  in  many  cases.  Castel- 
laiii,  who  introduced  it  for  ulcus  tropicum,  made  the  following  experiment  : 
In  a  patient  presenting  two  ulcers  of  little  difference  in  size  and  deepness,  one 
on  the  right  leg,  one  on  the  left,  he  treated  the  one  on  the  right  leg,  which  was 
slightly  larger  and  deeper,  with  protargol,  and  the  one  on  the  left  leg  with 
iodoform.  The  ulcer  treated  with  protargol  healed  in  three  weeks,  the  one 
treated  with  iodoform  in  two  months. 

ULCUS  INTERDIGITALE. 

This  affection  is  common  among  natives  of  Ceylon.  The  patient 
complains  of  some  itching  between  the  toes,  though  no  papules  or 
vesicles  are  seen.  After  a  few  days  a  fissure  appears,  which  rapidly 
deepens,  and  enlarges  into  a  large  oval  ulcer  with  a  dull,  dark  red 
fundus  and  sodden-looking  margins.  There  is  practically  no  dis- 
charge whatever.  The  ulcer  is  generally  very  painful.  The  skin 
surrounding  the  ulcers  does  not  show  signs  of  inflammation.  Under 
proper  treatment  the  ulcer  heals  in  a  few  days.  The  patient  must 
remain  at  rest,  washing  the  ulcer  twice  daily  with  a  i  per  cent, 
carbolic  lotion,  followed  by  dressing  with  a  bismuth-boric  acid 
ointment : 

Bismuth  subnitratis  .  .  ■  .  ■  •  ■  •         g"^-  ^'"'• 

Acidi  borici ¥'^^' 

Vaseline  .  .  .  ■  •  •  •  ■         3^- 

ULCUS  INFANTUM. 

Under  this  name  Castellani  has  described  a  rather  rare  ulcerative 
condition  of  the  legs  met  with  in  Ceylon  among  children,  both 
native  and  European.  A  reddish  spot  appears  on  some  part  of 
the  leg  The  spot  becomes  slightly  elevated,  and  shows  a  ye  lowish 
central  point.  The  yellowish  point  breaks  down,  and  a  small  ulcer 
appears   generally  of  circular  shape,  and  with  a  red  fundus.     The 
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ulcer  secretes  a  yellowish,  thickish  secretion,  which  dries  into  a 
yellow  crust.  If  after  some  days  the  crust  is  removed,  the  ulcer 
will  be  found  much  larger  and  deeper — the  size  of  a  shilling  to  a 

half  -  crown  piece.  The 
ulcer  is  generally  indolent, 
except  on  pressure.  There 
may  be  a  little  pruritus. 
The  ulcer  may  be  single 
or  multiple.  The  inguinal 
lymphatic  glands  may  be- 
come enlarged,  and  occa- 
sionally the  child  has 
fever.  The  duration  is 
between  four  to  six  weeks 
and  three  or  four  months. 
On  healing  a  permanent 
whitish  scar  is  left. 

.ffitiology. — ^This  is  un- 
known. A  bacillus  which 
cannot  be  grown  is  the 
only  germ  present  in  most 
cases  ;  but  as  to  its  seti- 
ological  role  nothing  can 
be  said  definitely. 

Diagnosis.  —  The  ulcus 
infantum  is  differentiated 
from  ulcus  tropicum  by 
the  less  severe  S5niiptoms 
by  being  almost  always 
multiple,  by  the  smaller 
dimensions  of  the  sore,  by 
the  absence  of  spirochastes, 
and  by  the  absence  of  any 
tendency  to  phagedena. 
In  contrast  to  veldt  sore 
the  ulcers  are  deep,  and 

the  crust  very  thick.     No  streptococcus  i  s  found. 

Treatment.— Touch  the  ulcers  with  pure  hydrogen  peroxide  once 

every  other  day,  and   dress  them  with   simple  boric  acid  lotion 

(2  per  cent.). 

REMARKS  ON  ULCERS. 

Ulcerative  conditions  of  the  skin  are  extremely  common  in  the 
tropics.     They  may  be  classified  as  follows  : 

1.  Oriental  sore. 

2.  Ulcus  tropicum. 

3.  Ulcus  infantum. 

4.  Veldt  sore. 

5.  Ulcus  interdigitale. 


Fig.   362. — Ulcus  infantum. 
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6.  Gangosa  ulcers. 

7.  Leprotic  ulcers. 

8.  Ulcers  of  framboesial  origin. 

9.  Elephantoid  ulcers. 

10.  Blastomycetic  and  sporotrichetic  ulcers. 

11.  Cancerous  and  sarcomatous  ulcers. 

12.  Tubercular  ulcers. 

13.  Syphilitic  ulcers. 

14.  Glanders  ulcerations. 

15.  Ulcers  of  pyogenic  origin  (pyosis  tropica). 

16.  Ulcers  due  to  varicose  veins. 

17.  Undetermined  chronic  or  subchronic  ulcerations. 

The  ulcerative  conditions  which  may  be  considered  as  strictly 
tropical  and  well  defined,  such  as  Oriental  sore,  ulcus  tropicum,  etc., 
have  already  been  described.  The  cosmopolitan  ulcerations,  such 
as  the  syphilitic  ones  and  those  due  to  varicose  veins  show  the  same 
characters  in  the  tropics  as  in  temperate  zones,  except  that  very 
often,  owing  to  their  being  neglected  for  a  long  time,  they  may 
present  enormous  dimensions,  and  may  show  secondary  infections, 
and  become  phagedsenic.  Ulcers  due  to  varicose  veins  are  very 
common  among  rickshaw  coolies,  who  have  to  run  and  stand  for 
hours  at  a  time.  It  is  remarkable  how  quickly  they  heal  in  most 
cases  in  these  coolies  if  the  patient  is  kept  at  rest  for  some  time  ; 
whereas  in  temperate  zones  the  healing  of  varicose  veins  ulcers  is 
of  very  long  duration. 

Undetermined  Subehronie  and  Chronic  Ulcers. 

Knowledge  of  this  group  of  ulcers  is  scanty,  but  the  investiga- 
tions of  Strong,  Stitt,  Rho,  Wherry,  and  Clegg  and  others  have 
thrown  some  light  on  this  subject.  Our  experience  tallies  with 
that  of  Stitt,  and  we  therefore  consider  that  such  ulcers  may  be 
roughly  divided  into  three  groups  : 

1.  Septic  Ulcers— Ulcerations  following  on  Neglected  Wounds. 

2.  Painless  Chronic  Ulcers. 

3.  Diphtheroid  Ulcers. 

Septic   Ulcers— Ulcerations   following   on  Neglected   Wounds.— 

These  are  of  pyogenic  origin  and  often  very  large  dimensions. 
They  are  generally  of  roundish  or  irregular  shape,  and  may  be  very 
deep.  The  secretion  is  abundant,  purulent,  and  contains  the  various 
staphylococci.  If  the  pus  is  removed,  and  a  scraping  taken  from 
the  fundus,  the  preparation  will  show  numerous  polymorphonuclear 
leucocytes  and  various  cocci.  These  ulcers  do  not  show  tendency 
to  spontaneous  cure,  but  heal  quickly  under  an  antiseptic  treatment. 
We  generally  treat  them  with  hydrargyrum  perchloride  (i  in  2,000). 
The  opsonic  treatment  also  gives  good  results.* 

*  Nichols  has  called  attention  to  discharging  sores  in  the  Philippine  Islands., 
called  '  puente,'  which  are  produced  by  the  natives  applying  some  lime  to  tne 
skin  and  afterwards  betel-powder,  with  the  object  of  counter-irntation. 
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Painless  Chronic  Ulcers. — A  small  red  scaly,  slightly  itching  spot 
appears,  generally  on  the  legs,  and  gradually  enlarges. for  about 
four  to  eight  weeks,  when  the  affected  area  begins  to  exude  a  serum 
which  quickly  dries  into  crusts.  Under  the  crust  ulceration  slowly 
takes  place.  At  first  the  ulcers  are  shallow,  and  may  have  under- 
mined edges ;  later  they  are  often  punched  out,  and  may  become 
indurated.  There  is  no  pain,  except  slight  pain  on  pressure,  and 
the  general  health  is  not  affected.  Healing  takes  place  under  the 
crust,  and  lasts  between  two  and  twelve  months.  A  pale  cicatrix, 
with  hyperpigmented  margins,  is  left. 

As  noted  by  Stitt,  scrapings  from  the  fundus  show  a  prevalence 
of  mononuclear  cells,  polymorphonuclears  being  practically  absent. 
No  pyogenic  organisms  are  found. 

Treatment. — The  treatment  is  difficult.  Cauterization  does  very 
little.  In  some  cases  the  application  of  bismuth  subnitrate,  xero- 
form,  dermatol,  and  firm  bandaging  is  useful.  In  others  a  protargol 
ointment  (5  to  10  per  cent.)  is  of  advantage.  When  the  ulcers 
are  very  large  and  atonic,  skin  transplantation  may  be  neces- 
sary. 

Diphtheroid  Ulcers. — An  angry  red,  painful  spot,  often  surrounded 
by  vesicles,  appears  on  the  legs.  Within  a  few  hours — twelve  to 
forty-eight — the  affected  area  is  turned  into  a  dark  greyish  or 
blackish  membrane.  If  this  membrane  be  removed,  an  ulcer  will 
be  found,  covered  with  greenish  pus.  The  membrane  reforms 
rapidly,  and,  apart  from  the  dark  colour,  it  closely  resembles  a 
diphtheria  membrane.  These  ulcers  extend  rapidly,  but  do  not 
take,  as  a  rule,  a  true  phagedsenic  character.  The  margins  after 
some  time  may  become  indurated,  but  do  not  show  a  punched-out 
appearance.  Scrapings  taken  from  the  fundus  show  numerous 
polymorphonuclears.  The  course  is  very  long.  These  ulcers  are 
with  difficulty  distinguishable  from  true  ulcus  tropicum  except  by 
the  absence  of  5.  schaudinni. 

Treatment. — Excision  is  not  to  be  advised,  as  in  Stiffs  and  our 
own  experience,  when  this  has  been  done,  additional  lesions  have 
appeared.  Bier's  passive  congestion  method  is  painful,  and  does 
not  improve  the  condition.  On  the  whole,  the  best  treatment  is 
to  keep  the  ulcers  well  disinfected  with  a  perchloride  lotion  (i  in 
2,000),  occasionally  touching  them  with  pure  hydrogen  peroxide. 
Should  the  ulcers  become  phagedaenic,  the  application  of  pure  car- 
bolic is  advisable. 

GRANULOMA  INGUINALE. 

Synonyms. — Ulcerating  Granuloma  of  the  Pudenda,  Granuloma 
Venereum  (Brooke). 

Definition. — Granuloma  inguinale  is  a  chronic  granulomatous 
affection  of  probable  spirochaetic  origin  attacking  the  generative 
organs,  from  which  it  spreads  to  the  inguinal  region  and  the  peri- 
nseum. 

History. — In  1896  Conyers  and  Daniels  described  a  disease  of 
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the  generative  organs  in  both  men  and  women  in  British  Guians 
which  was  very  painful,  disfiguring,  and  contagious.  Daniels 
thinks  that  It  was  previously  described  by  Macleod  and  Maitland 
in  India  Since  then  papers  have  appeared  on  the  subject  bj 
Ozzard,  Galloway,  Wise,  and  others. 

Climatology.— It  occurs  in  British  Guiana,  the  West  Indian 
Islands  West  Africa,  India,  South  China,  and  Australia ;  but  is 
rare  m  Ceylon,  Malaya,  and  Central  Africa.  A  similar  or  identical 
condition  has  rarely  been  met  with  in  Europe. 

iEtioIogy.— It  appears  in  the  genitalia  of  both  sexes  after  puberty, 
but  IS  rare  after  forty-five  years  of  age.  It  is  not  syphiHtic,  nor  is 
It  malignant.  Neither  is  it  tubercular,  as  injections  into  guinea- 
pigs  do  not  produce  tuberculosis. 

Wise  in  1907  found  in  the  eruption  spirochsetes  resembling 
Treponema  pallidum  and  Spirochcda  refringens,  together  with  some 
small  bodies  consisting  of  a  thin  capsule  surrounding  a  clear  un- 
stained space,  in  the  middle  of  which  was  a  curved  chromatic  rod, 
which  was  thinner  in  the  centre,  and  club-shaped  at  either  end. 
He  found  from  two  to  twenty-five  of  these  in  leucocytes.  Donovan 
has  described  small,  rod-like  parasites  2  /i  by  i  /*,  with  elongated 
nuclei,  which  lie  singly  or  in  groups  in  mononuclear  cells  ob- 
tained by  scraping  the  sores.  Cleland  has  confirmed  Wise's 
observations,  and  has  called  the  spirochaete  S.  aboriginalis  Cleland 
1909. 

The  disease  is  generally  transmitted  by  sexual  intercourse.  Cleland 
states  that  in  West  Australia  the  disease  is  especially  prevalent  among 
'  gins  '  (native  women),  and  there  is  an  idea  present  among  the  white  settlers 
that  the  girls  become  infected  by  connection  with  dogs,  which,  however,  is 
open  to  considerable  doubt,  though  it  is  well  known  that  dogs  may  suffer  from 
granulomatous  tumours  in  which  spirochsetes  have  been  found  by  several 
authors. 

Pathology. — According  to  Galloway,  the  microscopical  changes 
begin  some  distance  from  the  lesion,  and  consist  of  a  round- 
celled  infiltration  into  the  upper  regions  of  the  corium.  This  in- 
duces the  papillae  to  increase  in  length,  thus  producing  the  typical 
papule,  and  at  the  same  time  causes  an  elongation  of  the  inter- 
papillary  processes  of  the  epidermis,  until  they  are  some  eight  or 
ten  times  their  original  length. 

The  connective  tissue  of  the  corium  swells  and  disappears,  and 
its  place  is  taken  by  a  round-celled  infiltration,  which  consists  of 
leucocytes,  Unna's  plasma  cells,  mast  cells,  and  connective-tissue 
cells.  The  leucocytes  are  the  ordinary  polymorphonuclear  leuco- 
cytes, while  Unna's  cells  are  characterized  by  possessing  a  rounded 
nucleus,  with  a  certain  amount  of  surrounding  protoplasm  con- 
taining basophile  granules.  The  connective-tissue  cells  are  spindle- 
shaped.  The  cells  of  the  epidermis  are  modified  over  the  papule 
by  becoming  swollen,  hyaline,  and  showing  mitosis.  The  stratum 
granulosum  fails  to  develop  its  keratohyalin  granules,  and  even- 
tually disappears  half-way  up  the  papule,  as  does  the  stratum  cor- 
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neum,  so  that  on  the  summit  the  different  layers  of  the  epidermii 
cannot  be  differentiated. 

There  is  neither  caseation  nor  suppuration,  but  in  the  older  parts 
of  the  specimen  the  cells  of  the  infiltration  become  swollen  anc 
disappear,  and  in  their  place  there  appears  cicatricial  connectivi 
tissue,  which  causes  the  papule  to  shrink  and  the  whole  area  tc 
assume  a  scar-like  appearance. 

Symptomatology. — ^The  disease  in  the  male  begins  on  the  penis,  as 
a  rule,  as  a  papule  or  small  nodule,  which  extends  over  skin  and 
mucosa  by  peripheral  growth,  which  is  aided  by  the  formation  ol 
new  papules  and  nodules  at  the  growing  margin  and  in  the  healthy 
skin. 

It  grows  into  the  groins,  causing  the  hair  to  fall  out,  and  betweer 
the  scrotum  and  the  thighs,  and  from  thence  backwards  into  thf 
perineum  and  around  the  anus,  into  which  it  may  pass. 

When  fully  developed,  it  appears  as  a  mass  of  nodules  or  papules, 
without  deep  ulceration  as  a  rule,  but  with  a  thin,  offensive  dis- 
charge. In  the  older  regions  it  shows  some  attempt  at  healing  in 
the  formation  of  dense  scar  tissue. 

In  the  female  the  process  begins  as  a  papule  on  the  labium  minus, 
and  then  extends  into  the  vagina,  along  the  perineum,  around  the 
anus,  and  up  the  rectum,  and  into  the  groins.  The  growth  extends 
into  the  tissue  between  the  rectum  and  the  vagina,  and  may  give 
rise  to  rectovaginal  fistulse.  The  whole  growth  is  also  much  more 
liable  to  ulcerate  in  the  female  than  in  the  male. 

The  lesions  may  become  oedematous,  and  present  an  appearance 
analogous  to  elephantiasis. 

Varieties. — Daniels  lays  stress  upon  the  fact  that  the  disease 
varies  much  in  different  races.  In  negroes  it  is  more  granular,  and 
spreads  farther ;  in  Indians  it  is  less  marked  ;  in  Fijians  it  is 
softer,  and  separate  areas  more  common. 

Diagnosis. — It  is  most  Hkely  to  be  confused  with  syphilis,  lupus, 
and  epithelioma.  From  syphilis  it  can  be  differentiated  by  the 
absence  of  the  secondary  eruption  and  the  inefficacy  of  mercurial 
treatment.  Lupus  is  very  rare  in  such  situations,  and  in  epithelioma 
the  l5niiphatic  glands  would  be  early  infected.  In  doubtful  cases 
microscopical  examination  of  a  piece  of  the  diseased  tissue  will 
enable  the  diagnosis  to  be  made  from  lupus  as  well  as  from 
epithelioma. 

Prognosis. — The  disease  as  a  rule  does  not  affect  the  general 
health,  but  is  extremely  chronic,  lasting  for  years. 

Treatment. — The  best  treatment  is  radiotherapy  with  X  rays, 
which  has  been  found  quite  successful  in  Madras.  If  these  are  not 
available,  antiseptic  lotions  should  be  applied,  and  then  portions 
excised,  or  the  diseased  areas  may  be  scraped  and  then  cauterized. 
Large  doses  of  iodide  of  potash  are  said  to  be  useful.  Conyers  and 
Daniels  recommend  the  application  of  an  ointment  of  saUcylic 
acid  gr.  xxx.,  unguentum  creosoti  §i. 
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PAPILLOMA  INGUINALE  iTROPICUM. 

Synonym — Acanthoma  Inguinale  (Castellani). 

r.r^  P^^"^i^VP^P'i^^°™^*°''^  affection  of  the  inguinal  region  is  not 
rare  among  Tamils.  Further  experience  will  probably  show  that 
f^  fvf  ""^^^^  ^'^u^^'"  affected.  Women  are  apparently  more  liable 
to  the  disease  than  men,  inasmuch  as,  although  the  number  of  male 
patients  in  the  Colombo  Chnic  and  hospitals  is  much  larger  than 
the  number  of  female  patients,  not  a  single  case  has  been  detected 
among  men. 

Symptomatology.— One  or  both  inguinal  regions  are  occupied  by 
extremely  numerous  tall  filiform  vegetations  of  a  pinkish  or  darkish 
colour.  No  ulcerative  lesions  are  present.  There  is  neither  pain 
nor  pruritus.  The  general  health  does  not  seem  to  be  affected.  The 
affection  is  very  chronic,  and  is  probably  contagious,  but  nothing 
IS  known  of  the  aetiology.  In  the  cases  so  far  observed  the  genital 
organs  of  the  patient  were  normal,  and  there  was  no  history  of 
gonorrhoea  or  any  other  venereal  disease. 

Treatment.— -The  treatment  is  surgical — removal  of  the  vegeta- 
tion by  the  knife  and  cauterization.  The  patient,  as  a  rule,  how- 
ever, will  not  consent  to  the  operation. 


SUDAN  NODULES. 

Thomson  and  Balfour  have  described  cases  of  a  skin  affection  in 
the  Sudan  characterized  by  the  presence  of  pinkish  nodules  with  a 
shiny  smooth  surface,  neither  scaly  nor  ulcerating,  in  which 
Leishmania-like  bodies  are  found. 
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CHAPTER  LVIII 
SKIN    DISEASES    {continued) 

Craw-craw — Dermatitis  nodosa  rubra — Lichen  convex — Syinmetrical  ea 
nodules — Keratoma  plantare  sulcatum — Multiple  pruriginous  tumoun 
of  the  skin  —  Angiofibroma  contagiosum  tropicum  —  Juxta-articulai 
nodules — References. 

CRAW-CRAW. 

Synonym. — Nodular  Dermatitis  (A.  Plehn). 

Under  the  term  '  craw-craw '  African  natives  denote  practicallj 
any  pruriginous  skin  disease.  Our  African  experience  has  taughl 
us  that  most  of  the  so-called  craw-craw  cases  are  cases  of  neglected 
scabies  or  of  tinea  corporis.  We  apply  the  term  '  craw-craw '  to  a 
dermatosis  met  with  in  Africa,  in  Ceylon,  and  in  various  parts  ol 
the  tropics,  characterized  by  the  presence  of  numerous  hard,  almost 
horny  papules,  occasionally  slightly  exfoliating  at  the  top,  varying 
in  size  between  a  millet-seed  and  a  small  pea.  Some  of  the  papules 
may  be  follicular.  They  are  not  of  constant  shape ;  some  may 
be  roundish  and  flattened,  and  others  acuminate.  When  disappear- 
ing, they  may  leave  zones  of  hyperpigmentation.  The  eruption 
generally  affects  the  legs  and  arms,  but  may  spread  to  the  whole 
body,  excepting,  as  a  rule,  the  face  and  scalp.  Suppurative  and 
ulcerative  lesions  are  absent,  except  as  secondary  lesions  due  to 
scratching.  The  proximal  lymphatic  glands  may  be  hard  and  en- 
larged. The  disease,  if  not  properly  treated,  may  last  many  months, 
and  even  several  years  ^  some  cases,  however,  become  cured  spon- 
taneously. 

etiology. — ^The  cause  of  the  malady  is  unknown.  O'Neil  de- 
scribed in  his  case  a  Microfilaria  which  Manson  is  inclined  to  believe 
to  be  probably  Microfilaria  perstans.  Nielly  described,  under  the 
name  of '  dermatose  parasitaire  '  or  '  craw-craw,'  a  papulo-vesicular 
eruption  in  which  he  found  nematode  embryos  in  the  papulo- vesicles 
and  blood  of  the  general  circulation. 

Diagnosis. — ^The  disease  with  which  craw-craw  presents  the 
greatest  resemblance  is  prurigo.  It  is  distinguished  from  prurigo 
by  the  eruption  appearing  at  any  time  of  life,  and  not  only  in  child- 
hood ;  by  most  of  the  papules  being  larger,  of  horny  consistency, 
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and  not  covered  by  a  small  bloody  crast,  as  is  often  the  case  in 
prurigo  ;  and  by  the  fact  that  it  may  be  cured  spontaneously. 

Ihe  disease  may  be  distinguished  from  tinea  corporis  by  the 
absence  of  any  fungus,  and  from  itch  by  absence  of  furrows,  and, 
of  course,  the  absence  of  the  Acarus. 

Treatment.— The  regular  application  of  a  salicylic  spirit  lotion 
(2  per  cent.),  followed  by  |8-naphthol  ointment  (5  to  10  per  cent.) 
for  long  periods  of  time,  often  in- 
duces a  marked  improvement,  and, 
in  many  instances,  a  cure.  In- 
ternal treatment  (arsenic,  ichthyol, 
etc.)  does  not  seem  to  influence  the 
disease. 

DERMATITIS  NODOSA  RUBRA. 

This  condition  has  been  de- 
scribed by  Castellani  in  Ceylon. 
The  first'  impression  received  on 
seeing  a  patient  suffering  from  this 
peculiar  disease  is  that  he  is  suffer- 
ing from  smallpox  in  the  papular 
stage  of  the  eruption,  but  the  ab- 
sence of  fever  and  the  closer  inspec- 
tion of  the  eruption  will  exclude 
smallpox  at  once.  In  a  well- 
marked  case  the  patient  presents 
on  his  face,  arms,  chest,  back, 
and  practically  on  the  whole 
body  numerous  large  papules  and 
nodules.  The  colour  of  the  erup- 
tive elements  is  an  angry  red  ;  the 
shape,  hemispherical  or  roundish  ; 
the  size,  from  a  small  split-pea 
to  a  large  pea.     The  surface  of  the 

papules    and  nodules   is   smooth,  •    1.     ■, 

does  not  show  umbilication,  nor  scales ;  their  consistency  is  hard ; 
most  of  the  papules  are  not  foUicular.  There  is  unbearable  pruritus. 
Several  of  the  superficial  lymphatic  glands  are  enlarged  and  hard. 
In  several  cases  a  well-marked  enlargement  of  the  parotid  gland  is 
present  The  blood  shows  a  certain  degree  of  eosinophilia.  Ihe 
course  of  the  disease  is  long-six  months  to  a  year,  and  sometimes 
much  longer  ;  the  nodules  become  gradually  smaller,  and  may  disap- 
pear completely ;  they  leave  no  scar  or  zones  of  hyperpigmentation. 

Diagnosis.-From  a  syphUide  by  the  extreme  pruritus  and  the 


Fig.   363. — Craw-craw. 
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From  lichen  planus  by  the  papules  being  very  large,  and  by  their 
not  being  flattened,  umbihcated,  nor  polyhedric. 

From  pityriasis  rubra  pilaris  by  the  papules  being  very  large,  and 
most  of  them  not  follicular,  and  by  the  absence  of  plugs  and  scahng.* 


Treatment. — Arsenic,  potassium  iodide,  mercury,  do  not  influence 
the  disease.  To  allay  the  pruritus  salicylic-alcoholic  lotions  (2  per 
cent.)  and  ointment  may  be  used. 

*  From  acnitis  by  the  unbearable  pruritus  and  by  the  eruption  not  being 
chiefly  limited  to  the  face,  as  well  as  by  the  absence  of  subsequent  necrosis. 
■  From  folliculitis  by  the  condition  not  being  limited  to  the  extremities,  and 
by  the  absence  of  central  crusts. 


-n   I    c     All. 


DERMATITIS   NODOSA  RUBRA. 
In  reality  the  Papules  are  of  a  brighter  Angry-Red  Colour. 


T0  /ace  p 


LICHEN  CONVEX 

LICHEN  CONVEX. 

Synonym.— Lichen  Pilaris  Convex  (Castellani). 
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liiis  affection— which  has  been  described  by  Castellani— is  verv 

lXX?/H^°"''.r?.""y^"i°"^"^tives.  xLregionsofth  b^^^^^ 
mostly  affected  are  the  thorax,  dorsum,  and  shoulders.     The  disease 

are  iolhcular  The  surface  of  the  papules  is  smooth ;  no  squamae  or 
plugs  are  found ;  they  have  always  a  convex  surface,  and  maybe  almost 
hemispheric,  ^^  to  i  mch  in  diameter.  The  colour  of  the  papules  has 
a  pinkish  hue  m  natives,  and  red  in  Europeans  ;  they  are  not  sur- 
rounded by  any  halo  of  inflammation,  nor  is  there  hyperpigmenta- 
tion,  nor  do  they  leave  pigmented  areas  on  healing.  The  eruption 
is    very    prurigmous.  ^ 

The  general  health  is 
not  affected ;  the  lym- 
phatic glands  are  not 
enlarged ;  in  a  few 
cases  the  blood  may 
show  a  slight  degree 
of  eosinophilia. 

The  course  is  long, 
the  eruption  lasting 
about  three  to  nine 
months,  and  often  re- 
curring. When  the 
eruption  heals  no 
hyperpigmentation  is 
left. 

Diagnosis. — From 
pityriasis  rubra  pilaris 
by  the  papules  never 
showing  plugs  and  by 
the  absence  of  scaling ; 
from  lichen  planus  by 
the  papules  not  being 
flattened,  nor  polyhe- 
dric,  nor  umbilicated ;  from  dermatitis  nodosa  rubra  by  the  papules 
being  always  follicular  and  not  so  large ;  from  a  syphilide  by  the 
intense  pruritus  ;  from  papular  eczema  by  the  papules  being  always 
follicular  and  larger  and  dome-like,  and  by  the  skin  not  presenting 
a  diffuse  inflammation. 

Prognosis. — ^The  eruption  lasts  for  several  months,  but  generally 
heals  spontaneously  ;  recurrences  are  observed.  The  general  health 
is  not  affected. 

Treatment. — Potassium  iodide,  mercury,  and  arsenic  have  no 
effect.  Externally,  antipruriginous  lotions  and  ointments  may  be 
used — as,  for  instance,  salicylic-alcoholic  lotion  (2  per  cent.), 
followed  by  naphthol  ointment  (2  to  5  per  cent.).  Change  to  a  cool 
climate  is  very  beneficial. 


Fig.   365. — Lichen  convex. 
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SYMMETRICAL  EAR  NODULES. 

This  condition  has  been  observed  by  Castellani  in  Ceylon,  but 
further  experience  will  probably  show  that  it  is  to  be  found  also  in 
other  tropical  countries.  In  the  deep  substance  of  the  lobule  of 
both  ears — generally  the  condition  is  sj/mmetrical — on  palpation, 
a  spherical  nodule,  hardly  visible,  is  felt.  Now  and  then  the 
nodule  becomes  much  larger,  very  tense,  and  may  then  present  a 
somewhat  translucid  appearance ;  after  some  days  it  becomes 
smaller  again,  and  may  be  barely  visible.  There  is,  as  a  rule,  no 
subjective  s3miptom  during  the  periods  of  quiescence ;  a  feeling  of 
tension  and  slight  pain  during  the  periods  of  increase  of  size  of  the 
nodules. 

The  condition  is  not  leprotic,  there  being  no  anaesthesia  or  other 
sign  of  leprosy,  it  may  possibly  be  of  parasitic  origin,  but  nothing 
definite  can  be  stated,  as  none  of  our  patients  would  allow  the 
removal  of  the  nodule. 

KERATOMA  PLANTARE  SULCATUM. 

This  disease,  which  is  a  very  common  affection  in  Ceylon  among 
coolies  and  those  who  go  barefooted,  was  first  described  by  Castel- 


FiG.   366. — Keratoma  plantare  sulcatum. 

lani.  The  epidermis  of  the  soles — especially  the  anterior  portion — 
and  the  heels  is  greatly  thickened,  and  is  generally  of  a  dark 
yellowish  colour,  and  presents  numerous  deep  segmentary  furrows, 
straight,  semicircular,  or  ellipsoid  ;  these  furrows  appear  black,  but 
if  the  dirt  and  dust  accumulated  in  them  is  removed,  the  fundus 
of  these  sulci  will  be  found  to  be  whitis^  or  pinkish.     There  is  no 
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Sign  of  any  local  inflammation,  though  the  patient  generally  com- 
plains of  tenderness  of  the  feet  after  much  walking. 

etiology.— The  affection  is  much  more  frequent  during  the  rainy 
season,  and  occurs  generally  in  natives  who  do  not  wear  sh6es  or 
sandals.  The  condition  improves  or  disappears  completely  during 
the  dry  season.  r        j  o 

Treatment.— Rest  and  local  applications  of  salicylic  collodion 
(acidi  salicylici,  3i.  ;  collodion,  §i.)  and  salicylic  ointments  and 
plasters  induce  a  marked  improvement. 

ANGIOFIBROMA  CONTAGIOSUM  TROPICUM. 

This  disease  was  first  described  by  Unna  and  Von  Bassowitz.  So 
far,  cases  have  been  reported  from  the  southern  regions  of  Brazil  only. 

Symptomatology. — ^The  incubation  period  varies  from  fifteen 
to  twenty-five  days.  There  are  no  prodromal  symptoms:  The 
eruption  consists  of  vivid  red  papules,  which  soon  enlarge  into 
nodules  the  size  of  a  large  pea  to  an  almond.  The  eruption  may 
affect  any  part  of  the  body,  but  more  frequently  the  face,  neck, 
axiUse,  and  genital  organs.  It  is  rarely  found  on  the  legs.  It  very 
frequetitly  affects  the  various  mucosae — oral,  nasal,  rectal,  and 
urethral.  The  nodules  present  a  smooth  surface,  of  a  violaceous 
colour,  and  they  are  somewhat  of  soft  consistency  ;  they  bleed 
severely  after  the  slightest  traumatism.  They  may  disappear  spon- 
taneously without  leaving  any  scar,  or  in  other  cases  secondary  in- 
fections may  set  in,  and  large  ulcers  develop.  The  eruption  is  not 
pruriginous,  there  is  no  fever,  and  the  general  health  is  not  impaired. 

.etiology. — ^This  is  unknown,  but  the  disease  is  considered  to  be 
infectious.  According  to  Bassowitz,  the  infection  takes  place 
during  sexual  intercourse,  or  by  the  habit  the  people  of  Brazil  have 
of  taking  their  mate  (national  beverage)  using  the  same  cannule. 

Histopathology. — According  to  Unna's  investigation,  the  histo- 
pathology  is  quite  different  from  what  is  observed  in  framboesia 
and  syphilis.  The  nodules  consist  of  fibrous  tissue,  with  scanty 
cells  intersected  by  extremely  numerous  bloodvessels. 

Diagnosis.— The  disease  must  be  distinguished  from  verruga 
peruviana  and  frambcesia.  In  verruga  peruviana  there  are  severe 
constitutional  symptoms— fever,  and  often  enlargement  of  the  liver 
and  spleen.  In  framboesia  the  nodules  have  a  moriform  surface, 
and  do  not  bleed  so  easily. 

Treatment.— Mercury  and  potassium  iodide  are  useless.  Basso- 
witz recommends  iron  and  arsenic  internally,  and  externally  the 
injection  into  the  base  of  the  nodules  of  a  few  drops  of  formahn, 
or  their  excision,  using  the  galvano-cautery. 

JUXTA-ARTICULAR  NODULES. 

This  affection  was  first  noted  by  MacGregor  in  New  Guinea,  and 
later  more  fully  described  by  Steiner  in  natives  of  Java,  Jeanselme 
in  natives  of  Siam,  where  it  is  known  as  '  en  no.      Cases  have  been 
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observed  in,  Madagascar  by  Fontoynont,  and  by  Gros  in  Algeria.  I 
the  legs  and  arms,  especially  in  proximity  to  the  articulations 
several  hard  nodules  are  found,  some  of  them  the  size  of  a  walhui 
According  to  MacGregor,  these  tumours  occur  most  frequent! 
about  the  elbows,  or  the  parts  of  the  body  coming  in  contact  wit^ 
the  ground  when  the  native  is  sleeping.  These  nodules  may  appai 
ently  fuse  together,  forming  hard,  large  tumours ;  at  first  thes 
are  situated  in  the  subcutaneous  tissue,  and  the  skin  may  be  move< 
above  them  ;  later  they  adhere  to  the  skin,  which  generally  doe 
not  present  any  alteration.  The  course  is  very  chronic,  but  occa 
sionally  the  nodules  may  disappear  spontaneously. 

/Etiology, — MacGregor,  Steiner,  and  Jeanselme  are  inclined  t( 
consider  these  nodules  of  parasitic  origin ;  while  Fontoynont  anc 
Carougeau  have  described  a  penicillium  as  the  cause. 

MULTIPLE  PRURIGINOUS  TUMOURS  OF  THE  SKIN, 

Schaber'g  and  Hirschler  reported  two  cases  of  miiltiple  tumours  o 
the  skin  in  negroes,  associated  with  itching.  The  tumours  wen 
sharply  circumscribed  nodules,  from  the  size  of  a  small  pea  to  < 
large  hazel-nut,  situated  on  the  extremities.  They  were  of  a  blackisl 
colour — the  smaller  smooth,  the  larger  covered  with  a  horny  epi 
dermis.  These  tumours  showed,  on  histological  examination 
dilated  vessels,  cellular  infiltration,  and  the  formation  of  new  col 
lagenous  fibres.  The  same  eruption  was  previously  described  b) 
Hardaway  in  a  white  woman. 

MOSSY  FOOT. 

This  affection  is  fairly  common,  according  to  Thomas,  in  the 
region  of  the  Amazon. 

The  foot  is  covered  with  dense  warty,  very  vascular,  painful 
masses,  as  much  as  a  half  to  three-quarters  of  an  inch  thick,  which 
may  spread  to  the  leg. 

The  disease  is  very  chronic,  and  probably  of  parasitic  origin. 

WEST  INDIAN  NODULES. 

This  affection  has  been  described  by  Numa  Rat  in  natives  of  the 
West  Indies,  who  often  confuse  it  with  Guinea  worm.  The  eruption 
may  attack  any  part  of  the  body,  and  consists  of  subcutaneous 
nodules  varying  from  the  size  of  a  pea  to  that  of  a  small  nut. 
There  is  extremely  severe  pruritus,  and  the  natives  destroy  the 
skin  covering  the  nodules  with  caustics,  and  extract  the  nodules, 
which  appear  yellowish-white  and  have  a  cartilaginous  consistency. 

Histologically,  according  to  Macleod,  they  consist  mainly  oi 
hypertrophied  connective  tissue  made  up  of  thickened  collagen 
bundles.     The  setiology  is  unknown. 
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CHAPTER  LIX 

SKIN  DISEASES  {continued)— BY  SID  ROSES 
AND  DYSTROPHIES 

Dysidroses  :  Prickly  heat — Cheiropompholyx — Dysidrosis  exfoliativa.  Dys- 
trophies :  Leucoderma  —  Albinism  —  Melung  —  Chloasma  Bronzinum — 
Black  pigmentation  of  the  nails — Xantoderma  areatum — Tattooing — 
Ainhum — Symmetrical  palmar  erythema — References. 

DYSIDROSES. 

Priekly  Heat. 

Synonyms. — Lichen  Tropicus,  Sudamina  Papulosa,  Miliaria  Rubra. 

Definition. — Prickly  heat  is  a  papular  or  papulo-vesicular  erup- 
tion, with  marked  pruritus  and  associated  with  profuse  sweating. 

Symptomatology. — This  affection  is  extremely  common  in  tropical 
countries,  especially  in  new  arrivals.  The  eruption  consists  of  small 
pin-head  papules,  which  may  enlarge  to  the  size  of  a  millet-seed,  and 
even  larger.  The  papules  are  generally  conical,  angry  red,  and  often 
occupy  the  orifices  of  the  sudoriferous  follicles  ;  they  are  occasion- 
ally topped  by  a  small  vesicle,  the  contents  of  which  may 
later  become  purulent.  Besides  the  papules,  roseola-like  spots  are 
often  seen  ;  these  in  some  cases  may  coalesce  and  form  large  erythe- 
matous patches.  Occasionally  minute  glass-like  vesicles  of  suda- 
mina crystallina  are  also  present.  The  eruption  is  found  on  the 
parts  of  the  body  where  the  patient  perspires  most.  It  is  very 
commonly  observed  round  the  waist,  the  back,  chest,  arms,  and 
forehead ;  it  may  extend  to  the  whole  surface  of  the  body,  except, 
it  is  generally  stated,  the  palms  and  soles.  In  our  experience, 
when  the  eruption  is  general,  the  palms  and  soles  also  may  be 
affected  ;  in  such  situations,  however,  no  papules  are  found,  but 
only  roseola-hke  spots.  We  would  also  call  attention  to  another 
feature  found  in  cases  of  acute  severe  general  prickly  heat  erup- 
tion :  in  several  such  cases  the  oral  mucosa  and  the  fauces  will 
appear  acutely  congested.  The  congestion  subsides  on  the  dis' 
appearance  of  the  cutaneous  lesions. 

Pathology.^PoUitzer  considers  the  disease  to  be  due  to  the 
obstruction  of  the  flow  of  sweat  brought  about  by  the  cells  of 
the  epidermis  swelling  by  imbibition  from    the  excessive  sweat. 
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Pearse  considers  it  to  be  due  to  an  acute  distension  of  the  sebaceous 
glands  by  their  own  secretion:  Robinson  states  that  the  inflam- 
mation IS  about  the  sweat-pore,  while,  according  to  Torok,  it  has 
nothing  to  do  with  it.  In  our  experience,  the  inflammation  is  not 
always  about  the  sweat-pore. 

Durham  believes  prickly  heat  to  be  an  infective  disease  caused  by  a  minute 
actively  mobile  amoeba  ;  his  results,  however,  have  not  been  confirmed. 

^l^^j°°^^®"~^^^^  ^^  generally  easy;  from  eczema  it  is  distin- 
g^ished  by  the  greatly  increased  flow  of  perspiration,  and  by 
the  absence  of  any  moist  lesions  during  the  whole  course  of 
the  malady.  Our  experience  is,  however,  that  in  some  rare  cases 
true  eczema— especially  of  the  papular  type— develops  on  prickly 
heat  lesions.  In  cases  of  generalized  prickly  heat,  with  roseola-like 
spots  on  the  palms  and  soles,  acute  patchy  congestion  in  the  oral 
mucosa  and  pharynx,  a  syphilide  must  be  excluded,  for  sevetal  of 
our  patients  believed  themselves  to  be  affected  with  syphilis ;  but 
the  extreme  pruritus  is  generally  sufficient  to  exclude  it. 

Prognosis'. — As  a  rule,  the  prognosis  is  good,  the  eruption  disap- 
pearing quickly  under  proper  treatment.  In  some  few  cases, 
however,  no  treatment  is  of  any  avail,  and  the  patient  must  be  sent 
up  to  the  hills  ;  in  others,  crops  of  boils  develop. 

Treatment. — ^The  patient  must  be  kept  cool ;  too  warm  clothing 
should  be  avoided ;  he  should  not  take  much  to  drink,  and  should 
abstain  from  drinking  hot  tea.  The  treatment  which  in  our  experi- 
ence has  answered  best  is  the  free  use,  several  times  daily,  of  a  sali- 
cylic-alcoholic lotion  (ac.  salicyl.  3i.,  spir.  rect.  iviii.),  followed  by 
the  general  application  of  a  salicylic  or  boracic  powder,  such  as 
ac.  salicyl.  gr.  x.,  talci  gi.  ;  ac.  borici  3i-,  talci  ven.  gi.  It  is 
better,  as  a  rule,  to  avoid  greasy  preparations. 

After  the  eruption  is  cured  the  patient  should  be  directed  to  use 
some  Condy's  fluid,  cyllin,  or  other  disinfectant  in  the  bath,  and 
afterwards  to  apply  one  of  the  powders  mentioned  above. 

Cheiropompholyx. 

Synonyms. — Dysidrosis,  Pompholyx. 

This  affection  is  seen  in  the  tropics,  and  is  also  met  with  in  tem- 
perate zones  during  the  hot  season.  To  Tilbury  Fox  and  J .  Hutchin- 
son belongs  the  merit  of  having  separated  this  affection  from  eczema. 

.ffitiology  and  Histopathology.— Tilbury  Fox  believed  the  disease 
to  be  due  to  accumulation  of  sweat  induced  by  the  blocking  of  the 
pores  of  the  sudoriparous  glands.  The  more  recent  researches  of 
Unna  Norman  Walker,  Williams,  and  others  show  that  the  lesions 
are  of  an  inflammatory  character ;  the  vesicles  are  found  m  the 
prickly  layer,  and  often  press  to  one  side  the  sweat-channel. 

Unna  has  described  a  bacillus  as  the  cause  of  the  disease  his  results  have 
not  been  confirmed.  Some  authorities  consider  the  disease  to  be  of  neurotic 
origin. 
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Symptomatology. — The  eruption  is  found  in  individuals  who 
suffer  from  hyperidrosis.  It  is  characterized  by  the  presence  of 
deeply-seated  translucent  or  opalescent,  sago-like  vesicles  between 
the  fingers  and  toes  ;  the  vesicles  are  not,  as  a  rule,  surrounded  by 
an  inflammatory  halo  ;  they  very  rarely  coalesce,  and  usually  do  not 
break,  but  dry  up  gradually,  being  thrown  off  with  the  exfohating 
epidermis.  The  vesicles  in  many  cases  are  few  in  number ;  in  others 
they  may  be  numerous,  and  the  eruption  may  extend  to  the  palms, 
backs  of  the  hands,  and  occasionally  the  arms.  There  is  unbearable 
pruritus,  and  in  some  cases,  owing  to  the  scratching,  an  eczematous 
dermatitis  may  develop,  especially  between  the  toes. 

Diagnosis. — Some  authorities  still  maintain  that  cheiropom- 
pholyx  is  merely  eczema.  In  our  experience,  the  disease  must  be 
separated  from  eczema,  the  principal  characters  of  differentiation 
being  the  deep  situation  of  the  vesicles,  the  fact  that  they  very  rarely 
rupture,  and  that,  as  a  rule,  they  are  not  surrounded  by  an  inflamma- 
tory zone  ;  moreover,  the  parts  affected  are  generally  bathed  in  sweat. 

Prognosis. — The  disease  is  not  a  serious  one,  and,  under  proper 
treatment,  the  eruption  heals  ;  but  the  tendency  to  recur  is  great. 

Treatment. — When  the  vesicles  are  few  in  number,  pricking  them 
with  a  sterile  needle,  washing  them  with  a  perchloride  lotion  (i  in 
2,000),  followed  by  the  application  of  a  i  to  2  per  cent,  naphthol  oint- 
ment, gives  much  relief.  When  the  vesicles  are  numerous,  and  the 
eruption  has  spread  to  the  backs  of  the  hands  and  arms,  calamine 
lotion,  to  which  a  little  menthol  and  alcohol  has  been  added,  answers 
well. 

Dysidrosis  Exfoliativa. 

This  affection  is  closely  related  to  cheiropompholyx.  The 
affected  parts — generally  the  palms  of  the  hands — are  bathed  in 
continuous  perspiration,  and  large  flakes  of  epidermis  exfoliate.  In 
most  cases  no  cheiropompholyx-hke  vesicles  are  found  ;  in  fact, 
no  vesicles  of  any  type  can  be  detected.  The  affection  becomes 
cured  spontaneously  on  the  patient  going  to  the  hills  or  during  the 
cold  season,  but  it  is  apt  to  recur. 

Bathing  the  affected  parts  with  a  resorcin  lotion  (J  per  cent.)  at 
first,  and  later,  when  the  desquamation  has  ceased,  the  application 
of  calamine  lotion,  is  useful.* 

DYSTROPHIES. 

Leucoderma. 

Synonyms.— Leucopathia,  Vitihgo,  Acquired  Leucopathia,  Ac- 
quired Leukasmus,  Acquired  Achromia,  Acquired  Piebald  Skin. 

Leucoderma  is  much  more  common  in  tropical  countries  than  ir 
temperate  zones.  The  natives  of  Ceylon  and  India  have  a  dread  01 
developmg  leucoderma,  and  look  upon  it  as  a  loathsome  disease. 

*., ??,'^°''"'^^''g  ^^^  applied  the  term  '  sweat  desquamation  '  to  the  minuti 
whitish  scales,  often  arranged  in  rings,  and  found  on  the  palms  of  personi 
who  perspire  profusely. 
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etiology  and  Pathology. — ^The  aetiology  is  unknown.  It  is  gene- 
rally considered  to  be  a  trophoneurosis.  Occasionally  there  is 
evidence  of  hereditary  influences,  several  members  of  the  same 
family  being  affected.  The  malady  may  start  after  an  injury,  alter 
a  burn,  after  too  strong  a  caustication.  In  fact,  the  application  of 
strong  remedies  should  be  used  with  care  in  natives.  We  have  seen 
leucoderma  patches  appearing  after  the  application  of  pure  formalin. 
Patches  of  leucoderma  may  develop  also  in  chronic  epiphytic 
skin  diseases,  the  fungi 
apparently  having  a  deeply 
disturbing  effect  on  the 
pigment  formation. 

Symptomatology.  — Leu- 
coderma   is   characterized 
by  the  presence  of  non- 
pigmented    areas,    white, 
ivory-like,  or  pinkish.    The 
patches    are    roundish    or 
oval,  with  a  smooth  sur- 
face ;  they  slowly  enlarge 
and  coalesce,  giving  rise  to 
large,   irregularly  outlined 
areas.    Occasionally  almost 
the  whole    body  becomes 
affected ;  more  often  it  is 
the  face  and  hands  which 
are  affected,  and  there  may 
be    a    certain    sjmimetry. 
The     initial    patches     are 
generally  surrounded  by  a 
zone  of  hyperpigmentation. 
Occasionally     within     the 
white  areas  small  dot-like 
zones  of  pigmentation  are 
left.       The    hairs    of    the 
affected  parts  often  become 
white,  but   sometimes  re- 

^thesia  to  heat  and  Hght^ stimulation.     The  texture  of  the  skm  re 
mains 


normal  ;  occasionally  slight  atrophic  processes  may  be  noted^ 
iiuiiudi  ,  ^  ^^^^  j^^^  „or,pral  health  is  not  impaired.  In 
isually  s 

our  e^Pf-^e;;^^:  "7t\7  tod;:"espec^^^^^^^  the  face,  symptoms  of  severe 
uncovered  parts  ot  tne  oouy,     V       J  natients  comnlain  that 


T^.   ■     „c:„cll,7  Stated  that  the  general  health  is  not  impaired 


LTh7n?ahaveren  noticed'  Moreover,  the  patients  complain  that 
asthenia  J^^ve  oee  ^^  experience  a  burning 

^enLwt  t  w&tTJatSes,  and  they  siier  from  giddiness.     ^ 
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Diagnosis. — ^The  diagnosis  is  generally  easy.  The  patches,  in  con 
trast  to  leprosy,  do  not  show  anaesthesia ;  from  morphcea  it  is  distin- 
guished by  the  absence  of  any  abnormality  in  the  texture  of  the  skin 
from  tinea  flava,  tinea  alba,  and  PJnta,  by  the  absence  of  any  fungus 

Prognosis. — ^The  disease  i^^ncurable.  When  large  patches  are 
present  the  patient  complains  often  of  asthenia,  and  may  become 
unfit  for  work,  especially  work  in  the  open  air  and  sun. 

Treatment. — ^The  disease  is  generally  incurable,  but  the  spreading 
of  the  patches  may  be  prevented,  and  occasionally  a  slight  improve- 
ment may  be  brought  about,  in  our  experience,  by  an  energetic 
arsenical  treatment.  We  generally  give  arsenious  acid  in  a  pill 
(g;r.  -Jjj)  three  to  six  times  a  day,  or  atoxyl  injections  (5  grains  every 
other  day).  Gillmore  has  tried  soamin  with  fairly  good  results. 
We  have  seen  no  benefit  from  the  administration  of  suprarenal 
extract,  as  recommended  by  several  authors.  The  white  colour 
may  be  partially  hidden  by  applying  a  lotion  of  nitrate  of  silver 
or  potassium  permanganate,  or  by  tattooing. 

Heidingsfelt  has  devised  an  instrument  consisting  of  a  group  of  ten  needles, 
which  are  put  in  movement  by  electrical  power.  In  this  way  tattooing  may 
be  performed  much  more  rapidly  than  by  hand. 

Sommer  claims  to  have  cured  several  cases  of  leucoderma  by  injections  of 
adrenalin. 

Albinism. 

Synonyms. — Congenital  Leucoderma,  Congenital  Leukopathia, 
Congenital  Achromia,  Congenital  Leukasmus. 

The  affection  is  found  in  the  tropics  more  frequently  than  in 
temperate  zones.  It  is  characterized  by  congenital  absence  of 
pigment  in  the  skin,  hair,  iris,  and  choroid.  There  are  cases,  how- 
ever, of  partial  albinism  in  which  only  the  skin  is  affected.  The 
skin  has  a  milky-white  or  pinkish  appearance  ;  the  iris  is  rose- 
coloured,  and  the  pupil  red.  There  is  intolerance  to  light ;  hence 
the  pupils  will  be  generally  found  to  be  contracted,  and  the  patient, 
to  avoid  the  strong  light  stimulus,  may  go  about  with  the  head  down- 
wards. Nystagmus  is  observed  in  several  cases.  The  hair  is 
generally  white  or  yellowish-white,  fine  and  silky.  We  have  seen 
albinos  with  red  hair.  Albinos  are  generally  poorly  built,  weak  and 
feeble  individuals. 

.ffitiology  and  Pathology. — The  aetiology  is  unknown.  The  affec- 
tion is  more  often  observed  among  coloured  races  than  in  the  white 
races.  It  shows  a  certain  family  tendency.  It  is  said  that  cases 
occur  more  frequently  in  the  offsprings  of  consanguineous  marriages. 
The  histological  examination  of  the  skin  shows  absence  of  pigment 
as  the  only  abnormality. 

Treatment.— The  affection  is  incurable. 

Melung. 
Synonym. — Beta. 

This  affection  was  first  described  by  Ziemann,  and  is  fairly 
common  among  West  African  negroes.     The  affection  is  always 
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symmetric,  and  attacks  only  the  palms  or  the  soles,  or  both  palms 
and  soles.  SmaU  areas  of  the  skin  undergo  a  slow  process  of  depig- 
mentation, becommg  whitish  or  yellowish  ;  there  is  no  alteration 
ot  sensibihty.  The  depigmented  areas,  which  are  generally  of 
various  shape,  are  intermixed  with  patches  of  normally  pig- 
mented skin,  so  that  the  palms  and  soles  present  a  marmoriform 
appearance. 

The  disease  is  chronic  and  incurable.  It  often  develops  in  child- 
hood, and  several  members  of  the  same  family  may  be  affected. 

Chloasma  Bronzinum. 

This  somewhat  rare  affection,  described  by  Castellani,  is  met  with 
among  natives  as  well  as  Europeans  in  India,  Ceylon,  the  Malay 
States,  and  other  tropical  countries. 

etiology. — This  is  unknown,  but  a  life  in  the  open  air  with  daily 
long  exposure  to  a  tropical  sun  is  apparently  an  important  pre- 
disposing cause.  All  our  patients  were  European  planters  or  native 
overseers  of  coolies. 

Symptoms. — Part  of  the  face  or  the  neck,  or  occasionally  the  whole 
face,  neck,  and  chest,  presents  a  peculiar  pigmentation,  resembling 
a  black  bronzine  mask ;  the  pigmented  areas  slowly  but  steadily 
increase.  The  disease  is  very  chronic  and  incurable.  The  general 
health  is  not  impaired.  The  examination  of  the  various  organs  is 
negative.     The  blood  and  urine  are  normal. 

Diagnosis. — ^This  is  easy,  even  in  very  dark-skinned  natives,  the 
affected  parts  being  completely  black,  and  having  a  characteristic 
bronzine  hue. 

From  ordinary  chloasma,  which  is  not  rare — especially  among 
women — the  affection  is  easily  distinguished  by  the  bronzine  tint. 
The  absence  of  asthenia,  loss  of  flesh,  and  diarrhoea,  will  suffice  to 
distinguish  chloasma  bronzium  from  Addison's  disease  ;  the  history 
and  the  examination  of  the  blood  will  differentiate  it  from  malarial 
pseudo-Addison's  disease ;  the  examination  of  the  urine  will  dis- 
tinguish it  from  diabetes  bronzinum.  Argyria  will  be  excluded  by 
the  history  and  by  the  fact  that  in  chloasma  bronzinum  the  mucosae 

are  not  affected.  .    . 

Prognosis  and  Treatment.— The  disease  is  incurable. 

Black  Pigmentation  of  Nails. 

Castellani  has  described  in  two  European  ladies  a  peculiar  con- 
dition of  the  nails  characterized  by  a  band  of  black  pigmentation 
along  the  free  border  of  the  nail.  On  superficial  examination  it 
[las  the  same  appearance  as  though  some  dirt  had  accumulated 
Deneath  the  free  border  of  the  nail  but  on  scraping,  this  pigmen- 
■ation  does  not  disappear,  and  this  shows  that  the  condition  is  due 
■o  some  pigmentation  in  the  substance  of  the  nail.  The  sufferers 
vere  in  general  good  health,  not  using  any  internal  or  external 
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medicine  which  could  account  for  the  pigmentation,  and  the  nails 
apart  from  this  line  of  pigmentation,  appeared  perfectly  normal, 
Recently  we  have  come  across  a  case  in  a  European  gentleman. 
The  condition  slowly  disappears  spontaneously. 

Xanthoderma  Areatum. 

This  affection,  which  has  been  described  by  Casteliani,  is  not 
infrequently  met  with  among  Europeans  ;  it  generally  affects  the 
lower  parts  of  the  legs  ;  it  starts  very  insidiously,  with  a  yellowish 
or  reddish-yellow  spot,  which  is  not  elevated ;  the  surface  is 
smooth,  not  furfuraceous  ;  there  is  no  infiltration,  and,  apart  from 
the  colour,  the  affected  skin  is  normal.  There  is  no  pruritus  and 
no  pain.  The  yellow  spot  slowly  increases,  and  one  or  more  other 
spots  may  appear  near  the  first  one  or  at  a  distance.  Some  of  the 
spots  may  coalesce  together,  forming  a  large  yellow-red  patch  of 
irregular  or  various  outline.  The  larger  patches  also,  apart  from 
the  colour,  are  normal,  being  of  normal  consistency  and  elasticity. 
The  disease  is  very  chronic.  The  general  health  is  not  impaired ; 
the  l5nnphatic  glands  are  not  enlarged,  and  the  blood  does  not  show 
any  abnormality  ;  urine  normal.  In  all  our  cases  syphilis  could  be 
excluded ;  in  none  was  there  any  history  of  traumatism. 

Diagnosis. — From  chloasma,  xanthoma  areatum  is  readily  differen- 
tiated by  the  lighter  yellow  or  yellowish-red,  and  by  the  different 
situation.  The  affection  can  be  easily  distinguished  from  xanthoma, 
as  the  texture  of  the  skin  is  normal,  and  the  patches  are  not 
elevated.  In  pseudo-xanthoma  elasticum  of  Balzer  there  is  an 
eruption  consisting  of  mesh-like  patches  of  buff-coloured  infiltra- 
tion, lumpy  in  some  places,  in  others  linear. 

Treatment. — ^This  is  difficult ;  in  some  cases  an  energetic  exfoli- 
ating treatment  by  resorcin  pastes  (resorcin,  3ii.  ;  ac.  salic,  gr.  xx.  ; 
Lassar's  paste,  §i.)  improves  the  condition  after  the  inflammation 
induced  by  the  paste  subsides. 

Tattooing. 

Nomenclature.— The  word  '  tattoo  '  is  derived  from  '  tattow,' 
used  by  Cook  and  Banks  in  their  journals  in  1789.  Tattow  was 
derived  from  '  tau  '  or  '  tatu,'  a  word  which  meant  '  marking.' 
The  Maori  word  is  '  amoca  '  or  '  moko,'  which,  however,  refers  to 
the  furrowing  of  the  skin— a  more  formidable  operation  than 
tattooing. 

Definition. — Tattooing  is  the  formation  of  more  or  less  indelible 
marks  in  the  skin  by  means  of  rubbing  pigments  or  irritating  sub- 
stances into  slight  wounds  made  for  the  purpose. 

General  Account.— It  appears  to  us  that  tattooing  was  origmallv 
preceded  by  face  and  body  painting,  which  in  the  form  of  '  war 
pamt '  is  well  known  to  have  been  used  in  many  savage  tribes 
when  about  to  enter  into  combat  with  their  enemies.     At  first  this 
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painting  was  very  simple,  and  consisted  in  merely  smearing  the 
tace  with  some  forna  of  pigment,  but  eventually  in  certain  peoples 
It  became  more  and  more  elaborate.  Painting,  however,  is  only  a 
temporary  method  of  adornment,  and  many  peoples  have  adopted 
in  Its  place  the  permanent  tattooing.  The  essential  reason  for 
tattooing  IS  the  ornamentation  of  the  person,  but  taking  its  origin 
in  ttie  custom  of  painting  the  face  before  going  to  war,  it  is  generally 
more  elaborate  m  men  than  in  women. 

In  Africa  the  marks  have  a  most  varied  significance.  Thus, 
according  to  Hobley,  the  Ja-Luo  girls  are  tattooed  because  it  is 
thought  that  unless  this  is  done  a  woman  will  not  bear  children. 
Among  the  Ketosh,  the  warrior,  after  killing  an  enemy  in  warfare, 
has  two  rows  of  marks  tattooed  on  his  right  chest  and  shoulder, 
to  prevent  the  spirit  of  his  dead  enemy  bewitching  him. 

In  its  simplest  form  it  is  seen  in  West  Africa,  where  short  straight 
skm-cuts  are  made  by  means  of  a  sharp  piece  of  iron,  after  which 
some  pigment  or  irritating  substance  is  rubbed  into  the  wound, 
the  idea  being  to  produce  a  keloid.  If  this  fails,  another  cut  is 
made  into  the  same  place,  and  more  pigment  is  rubbed  in,  until  the 
desired  result  is  attained.  These  cuts,  and  hence  the  subsequent 
keloids,  are  arranged  in  some  primitive  form  of  pattern.  More 
elaborate  patterns,  however,  may  be  met  with,  being  generally  in 
the  forms  of  curved  hues  or  scrolls  of  keloids. 

In  the  Naga  Hills  of  Assam  the  hues  of  the  tattoo  follow  the 
contours  of  the  face. 

The  most  elaborate  designs  are  found  among  the  Maoris  of  New 
Zealand  and  the  natives  of  the  Pacific  Islands.  The  Polynesians 
use  lines  and  curves,  but  not  spirals,  the  highest  art  being  found 
among  the  Marquesans.  The  Maoris  are,  however,  not  content 
with  mere  tattooing,  in  which  pigment  is  rubbed  into  slight  cuts, 
for  in  their  '  moko  '  they  make  deep  furrows,  which  remain  more  or 
less  permanently  during  life.  According  to  Ling  Roth,  the  Maoris 
use  seven  patterns  ;  the  first,  the  linear,  composed  of  lines  of  dots 
or  strokes  ;  the  second  is  the  mat  or  plait-work  pattern,  composed  of 
parallel  lines,  in  groups  of  three,  arranged  more  or  less  alternately. 
The  third  is  the  ladder  pattern,  in  which  the  lines  are  arranged  in 
horizontal  groups  separated  by  clear  spaces.  The  fourth  is  the 
chevron  pattern,  being  composed  of  coils  with  long  tails  or  handles, 
the  interspaces  between  which  are  filled  in  by  slanting  lines.  The 
fifth  pattern  is  the  circinate  coil ;  the  sixth,  the  anchor  ;  and  the 
seventh,  the  trilateral  scroll.  This  last  pattern  is  said  to  imitate 
a  flower — Clianthus  puniceus.  According  to  the  same  author,  the 
Papuans  are  much  addicted  to  the  use  of  the  spiral  in  tattooing. 
The  Polynesians  use  simple  pricking  instruments,  while  the  Maoris, 
in  order  to  produce  the  deep  furrows,  use  special  instruments, 
shaped  somewhat  like  a  miniature  garden-hoe,  the  cutting 
edge  of  which  is  toothed.  These  instruments  were  at  first 
made  of  bone  or  hard  wood,  but  later  iron  was  introduced. 
They   are    made    to    cut    the    skin    by  means   of   blows   from    a 
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hammer  or  a  stick.  As  a  result  of  the  wound,  the  blood  flows 
freely,  and  is  wiped  away  by  the  hand  or  a  piece  of  stick,  after 
which  the  pigment  is  rubbed  into  the  wound.  The  nature  of  this 
pigment  appears  to  vary,  and  may  consist  of  charcoal,  obtained  by 
burning  various  animal  or  vegetal  substances.  The  hair  of  the 
beard  has  to  be  pulled  out  by  the  roots,  as  it  would  spoil  the  effect 
of  the  tattoo  or  moko. 

The  pain  of  the  operation  of  moko  is  naturally  very  great,  especi- 
ally when  performed  on  the  lips,  and  hence  but  little  tattooing  can 
be  done  at  a  time,  and  it  takes  years  for  an  extensive  moko  to  be 
produced.  Inflammation  often  sets  in,  and  it  may  be  weeks  before 
the  wounds  heal.  The  Maoris  perform  post-mortem  tattooing  and 
moko  at  times,  but  this  is  to  be  distinguished  from  tattooing  made 
during  life  by  the  appearance  of  the  cuts  and  the  absence  of  sub- 
cutaneous colour. 

In  modern  times  the  art  of  tattooing  has  been  much  developed 
by  the  Japanese,  into  whose  country  it  was  introduced  about 
300  years  ago.  The  Japanese  artists,  by  using  special  instruments 
composed  of  fine  and  coarse  needles,  and  by  rubbing  in  various 
coloured  pigments,  produce  the  well-known  designs  so  commonly 
seen  on  the  arms  and  bodies  of  Europeans  and  Asiatics. 

Varieties. — The  different  varieties  of  tattooing  described  above 
may  be  classified  as  follows  : 

I.  Simple  tattooing — 

{a)  Without  furrows — tattooing  of  Japan  and  elsewhere. 
[h)  With  furrows — moko  of  New  Zealand. 
II.  Keloid  tattooing — tattooing  of  Africa. 

Disease. — Tattooing  is  not  free  from  danger,  for  blood-poisoning, 
and  even  death,  may  result,  while  syphilis  and  tuberculosis  of  the 
skin  may  be  acquired  through  the  wounds. 

Treatment. — When  the  marks  are  small,  excision  may  be  resorted 
to,  but  in  general  any  attempt  at  removal  fails.  When  the  tattooing 
is  performed  with  gunpowder,  it  is  said  that  the  marks  can  be 
removed  by  painting  with  di-iodide  of  ammonium  in  solution,  and 
afterwards  with  dilute  hydrochloric  acid. 

Ainhum. 

Synonyms.— Quigila  (Brazil),  Sukha  Pakla  (India),  Faddidite 
(Madagascar) . 

'  Anyum,'  or  '  ainljum,'  is  derived  from  a  Yoruba  word  meaning 
to  saw  or  to  cut. 

Definition. — Ainhum  is  a  chronic  disease  of  the  fifth,  and  more 
rarely  of  the  fourth  and  other  toes  which  occurs  in  native  races, 
and  is  characterized  by  the  formation  of  a  furrow  at  the  digito- 
plantar  fold,  which  deepens  and  extends  until  it  encircles  the  toe, 
which  is  finally  severed  from  the  foot. 

History. — ^The  disease  appears  to  have  been  first  mentioned  by 
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Clarke  in  i860,  who,  in  his  description  of  the  Gold  Coast,  drew 
attention  to  a  dry  gangrene  of  the  little  toe  found  in  negroes  in 
that  region.  In  1867  Da  Silva  Lima  described  fifty  cases  of  the 
disease  in  Brazil,  and  introduced  the  term  '  ainhum '  ;  and  in  the 
same  year  CoUas  wrote  an  account  of  the  disease.  Da  Silva  Lima 
ventured  no  explanation  of  the  disease.  In  1873  Crombie  described 
the  disease  as  occurring  in  India ;  in  1876  Pirovano  found  it  in 
Buenos  Ayres  ;  and  in  1877  Corre  mentions  it  in  Reunion. 

It  is  reported  in  the  West  Indies  by  Potoppidian  in  1879 ;  in 
North  Carolina  by  Hornaday  and  Pitman  in  1881 ;  in  Nossi-B6  by 
Deblenne  in  1883  ;  in  Western  Virginia  by  Duhring  in  1884.  This 
last  observer,  along  with  Wile,  studied  the  disease  microscopically, 
considering  the  essential  pathological  feature  to  be  an  inflammatory 
oedema  of  the  hypodermis.  In  1886  Eyles  wrote  an  excellent 
account  of  the  pathological  histology  of  the  disease  as  seen  in  the 
Gold  Coast,  concluding  that  irritation  caused  an  internal  prolifera- 
tion of  the  epithelium,  which,  extending  into  the  cutis,  damaged 
the  vasomotor  nerves,  leading  to  a  spasm  of  the  vessels,  endarteritis 
obliterans,  fibrosis  of  the  cutis,  and  rarefying  osteitis,  whereby  the 
digit  is  separated  from  the  foot.  After  this  date  there  are  a  number 
of  papers,  among  which  may  be  specially  mentioned  those  by  Moreira, 
Dalgetty,  and  Maxwell  in  1900,  Muir  in  1903,  and  Ashley-Emile  in 
1905. 

Climatology. — The  disease  is  known  in  South  America,  espe- 
cially in  Brazil  and  the  Argentina,  and  also  in  British  Guiana ;  in 
North  America,  especially  in  the  Southern  United  States,  but  also 
in  the  Northern  and  in  Canada.  It  also  occurs  in  the  West  Indies. 
In  Africa  it  is  especially  well  known  on  the  West  Coast,  and  particu- 
larly in  the  Gold  Coast,  but  it  also  occurs  in  Egypt,  East  Africa, 
Madagascar,  and  the  Transvaal.  In  Asia  it  is  known  in  India, 
China  (?),  and  Ceylon.     It  also  occurs  in  Polynesia. 

iEtiology.— The  causation  of  the  disease  is  by  no  means  well 
known  but  a  prominent  factor  is  the  racial,  for  it  practically  only 
occurs  among  native  races,  and  in  all  probability  the  reports  of  its 
occurrence  in  Europeans  are  erroneous.  The  theories  suggesting 
that  the  disease  is  due  to  leprosy,  wearing  rings  or  other  tight  bands, 
self-mutilation,  may  be  dismissed  at  once,  as  there  is  nothing  to 

^""we  arfoTSpinion  that  Eyles  and  Moreira  are  correct  in  their  view 

that  the  reason  why  the  native  races  are  attacked  is  because  they 

walk  barefoot,  and  that  the  true  causation  is  probably  irritation  or 

kiiurv  to  the  skin  of  the  little  toe,  which  is  more  likely  to  occur  m 

neCToes  who  often  are  fiat-footed.     It  is  niore  common  in  males  than 

n  fprnaie.;  in  adults  than  in  children,  and,  though  it  can  apparently  be 

ound  at  anv  age   s  most  common  between  thirty  to  thirty-five  years. 

Patholo?J-The  constant  irritation   causes  the  epithelium  to 

prolSerate'internally  and  depress  '^^^l' ^^Tl^S^rf^^Tv 
tissue  of  the  cutis  to  proliferate,  there  is  also  an  endarteritis,  by 
wSch  the  blood-supply  is  gradually  cut  off  the  distal  portion  of 
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the  toe,  which  therefore  becomes  oedematous  and  fatty,  while  the 
bone  undergoes  rarefying  osteitis,  so  that  the  digit  is  gradually 
separated  from  the  foot,  a  process  which  takes  place  through  the 
bone  of  a  phalanx.  The  morbid  anatomy  at  the  line  of  the  furrow 
shows  proliferation  of  the  epidermis,  which  projects  downwards 
into  the  cutis,  in  which  the  connective  tissue  is  increased  in  quan- 
tity. The  vessels  show  endarteritis  and  periarteritis  ;  the  sweat- 
glands  show  proliferation  and  fatty  degeneration  of  the  cells.  The 
bone  is  in  a  condition  of  rarefying  osteitis. 

Distally  to  the  furrow  the  joints  are  effaced ;  the  tissues  show 
fatty  degeneration  and  oedematous  infiltration.  No  organisms  can 
be  found. 

Symptomatology. — ^The  disease  is  purely  local,  and  is  not,  in  our 
experience,  attended  by  any  general  symptoms.  It  begins,  as  a 
rule,  as  a  furrow  on  the  inner  side  of  the  digi to-plantar  furrow, 
which  slowly  deepens  and  extends  laterally  and  dorsaUy  untU  the 
two  wings  meet  on  the  dorsum  of  the  toe.  While  this  is  proceeding 
the  distal  portion  of  the  toe  becomes  swollen,  and  may  appear  as  a 
small  globule  surrounded  posteriorly  by  a  deep  groove,  by  which  it 
is  separated  from  the  rest  of  the  foot.  Often  an  ulcer  forms  on  the 
inner  side  of  the  groove,  and  may  cause  much  pain. 

Left  to  itself,  the  disease  will  last  from  two  to  ten  years,  though 
cases  have  been  reported  of  fifteen  to  fifty  years'  duration  ;  but 
eventually  the  toe  drops  off,  or  is  knocked  off,  or  is  removed.  The 
process  may,  however,  begin  again  in  the  stump. 

Usually  the  fifth  toe  is  affected,  but  in  about  lo  per  cent,  of  cases 
the  fourth  toe  may  be  affected,  and  much  more  rarely  the  second 
or  the  hallux.  There  are  reports  of  the  affection  occurring  also  in 
the  fingers. 

Diagnosis. — The  diagnosis  affords  no  difficulty. 

Prognosis. — ^There  is  no  danger  to  life  in  the  disease. 

Treatment. — ^The  disease  is  best  treated  by  making  a  longitudinal 
cut  into  the  groove,  when  its  progress  may  be  stopped. 

Prophylaxis. — ^The  essentials  of  the  prophylaxis  are  cleanliness, 
and  the  wearing  of  stockings  and  boots  to  protect  the  foot  from 
injury. 

Symmetrical  Palmar  Erythema. 

Chalmers,  in  1899,  drew  attention  to  a  symmetrical  non-pruriginous 
palmar  erythema  found  in  Europeans  on  the  Gold  Coast,  and  ex- 
tending along  the  ulnar  side  of  the  palms  of  the  hands.  The  affec- 
tion was  very  persistent. 

Mongolian  Spots. 

Peculiar  mulberry  or  bluish  coloured,  smooth,  non-elevated, 
roundish,  or  variously  outlined  spots  are  frequently  found  on  the 
skin  of  the  lower  spine  and  sacral  regions  of  Japanese,  Chinese,  and 
also  occasionally  in  white  and  coloured  races.  The  colour  of  the 
spots  does  not  disappear  on  pressure.    Probably  they  are  congenital. 
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CHAPTER  LX 

SKIN  DISEASES  (^c?;^^/^^;'^^)— 'COSMOPOLITAN 
SKIN  DISEASES' 


General  Remarks — Pyogenic  infections — The  erythemata — The  exanthemata 
— Urticaria — Dermatitis  venenata — Parasitic  diseases — Bullous  eruptions 
— Herpes — Eczema,  psoriasis,  seborrhoea,  and  dermatitis  exfoliativa — 
Acne — Hyperidrosis  and  bromidrosis — Lichen — Tumours — Tuberculosis 
— Syphilis — Ichthyosis — Kaposi's  disease — Chloasma — Diseases  of  the 
hair  and  nails — Some  cosmopolitan  diseases  of  mucous  membranes. 

GENERAL  REMARKS. 

In  our  experience,  all  the  skin  diseases  met  with  in  temperate  zones 
are  also  found  in  the  tropics,  except  those  due  to  intense  cold,  such 
as  erythema  pernio  and  frost-bite,  and  even  these  may  also  be 
found  in  the  high  mountainous  regions  of  the  tropics. 

The  diagnosis  of  some  of  the  cosmopolitan  dermatoses  may,  owing 
to  the  colour  of  the  skin  of  native  races,  be  very  difficult  to  the 
medical  man  newly  arrived  in  the  tropics.  This,  is  probably  the 
cause  of  some  of  the  statements  that  such  common  diseases  as  lichen 
planus  and  psoriasis  are  absent.  There  is  no  doubt,  however,  that 
some  dermatoses  which  are  frequently  met  with  in  temperate  zones 
are  less  common  in  the  tropics. 

It  is  stated  by  some  authorities  that  coloured  races  are,  on  the 
whole,  less  liable  to  skin  diseases  than  the  white  races,  but  the 
reverse  is  more  in  accordance  with  our  experience. 

A  few  remarks  as  to  the  normal  skin  of  native  races  may  be 
useful  before  proceeding  to  review  the  various  cosmopolitan  diseases. 
In  the  African  races  and  American  negroes  who  descend  from 
African  negro  stock  (Guinea  negroes,  Yoloffs,  Caffres)  the  whole 
skin,  especially  the  derma,  is  thicker  than  in  the  white  races.  In 
Indian  races  the  skin  is  about  the  same  thickness  as  in  Europeans, 
except  in  the  Tamils,  whose  skin  is  somewhat  thicker.  As  noted  by 
Howard  Fox,  the  glandular  system — sweat  glands  and  sebaceous 
glands — is  much  more  highly  developed  in  the  native  races,  espe- 
cially the  African  negroes.     The  sebaceous  secretion  is  the  cause  of 
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their  peculiar  odour  and  the  shining  appearance  of  the  skin,  and 
the  large  secretion  of  sweat,  which,  owing  to  the  high  temperature, 
quickly  evaporates,  is  the  probable  cause  of  the  skin  feeling  cooler 
when  touched.  In  native  races  the  hairy  system  is  less  developed, 
except  in  the  scalp  ;  in"  the  African  races  the  hair  of  the  head  is 
generally  curly  or  woolly  ;  in  Indian  races  it  is  usually  smooth. 
The  slight  development  of  lanugo  hair  is  the  cause,  as  noted  by 
Fox,  of  the  peculiar  velvety  feeling  of  the  negro  skin. 

The  most  important  characteristic  of  the  skin  of  tropical  native 
races  is  the  dark  pigmentation.  It  is  said  that  this  pigmentation 
is  not  present  at  birth,  but  develops  within  a  few  hours  to  several 
days  after  birth.  In  our  experience,  it  cannot  be  doubted  that  at 
the  time  of  birth  in  many  cases  the  babies  present  a  much  lighter 
colour  than  the  adult  people.  The  skin,  however,  is  not  whitish, 
but  of  a  muddy  brownish  colour,  and  darkens  greatly  within  a  few 
days — ^in  some  cases  is  quite  dark  also  at  the  time  of  birth.  It  is 
said  that  the  pigmentation  increases  till  puberty,,  and  then,  after 
remaining  stationary  during  adult  life,  slowly  decreases  during  old 
age.  The  maximum  pigmentation  is  found  on  the  loins,  posterior 
portion  of  the  trunk,  shoulders,  buttocks,  and  thighs  ;  the  least  pig- 
mentation is  found  on  the  prepuce,  vulva,  palms,  and  soles.  In 
some  races  the  oral  mucosa  is  not  pigmented ;  in  others  there  is  a 
patchy  dark  pigmentation  which  extends  often  to  the  tongue.  The 
dark  patches  on  the  tongue  have  been  considered  by  several  writers 
to  be  a  pathological  condition,  and  a  sign  of  agchylostomiasis.  We 
have  observed  such  patches,  however,  in  numbers  of  normal  natives. 
The  hair  is  said  to  become  white  at  a  later  date  among  negro  races 
than  in  Europeans ;  we  have  not  noted  any  distinct  difference, 
either  among  them  or  the  natives  of  Asia. 

It  is  said  by  some  writers  that  native  races,  and  especially  the 
negro  African  race§,  are  less  susceptible  to  pain  than  the  white 
man.  In  our  experience  there  is  hardly  any  difference  in  the 
ordinary  dolorific  sensibility,  but  the  thermic  sensibility  is  probably 
less. 

PYOGENIC  INFECTIONS. 

These  are  very  common  in  tropical  countries.  Impetigo  and 
Ecthyma  lesions  are  frequently  met  with.  The  symptoms  and 
course  are  identical  with  what  one  finds  in  temperate  zones,  and 
the  treatment  is  the  same — ^removal  of  the  crusts,  disinfection  with 
a  lotion,  such  as  a  perchloride  of  mercury  (i  in  2,000),  and  dressing 
with  a  white  precipitate  ointment  (i  per  cent.).* 

g(jjjg_ ^Xhis  is  a  common  affection  in  the  tropics,  very  stubborn, 

^^A  riiffirnlt  to  cure.     The  quickest  and  most  reliable  method  of 
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administration  of  yeast  preparations  internally  will  be  found  to  be 
useful  in  some  cases — e.g.,  ceridin  pills.  Occasionally  a  small  boil 
may  be  aborted  by  applying  a  droplet  of  pure  carbolic  acid  by 
means  of  a  pointed  pencil  of  wood  drilled  into  the  centre  of  the 
papule.  For  old  indurated  boils  the  continuous  application  of  a 
carbolic  lotion  (2  to  5  per  cent.)  on  lint  occasionally  causes  them  to 
become  absorbed. 

As  a  preventive,  a  salicylic-alcoholic  lotion  (i  to  2  per  cent.) 
used  after  the  daily  bath  is  advantageous. 

Sycosis  Coceogeniea. — ^This  is  fairly  common  in  both  Europeans 
and  natives.  In  the  negroes  Fox  has  often  observed  the  formation 
of  tiny  cheloidal  tumours  after  this  affection.  Depilation — ^by 
X  rays  when  possible — is  the  best  method  of  treatment.  We 
have  observed  a  case  of  Dermatitis  papillaris  capilliti  (Kaposi). 

Erysipelas. — Ordinary  erysipelas  due  to  streptococci,  and  to  be 
distinguished  from  the  filarial  erysipelatoid  attacks  preceding  the 
development  of  elephantiasis,  is  not  rare.  Ichthyol  ointment  or 
lotion  (10  per  cent.)  answers  well. 

THE  ERYTHEMATA. 

Erythema  solare  is  common  in  Europeans  freshly  arrived,  and  in 
those  who  live  an  open-air  life,  such  as  planters.  It  is  followed  by 
pigmentation  (sunburn;  see  Chapter  III.).  The  application  of 
calamine  lotion,  followed  by  the  use  of  boric  vaseline  or  rose- 
ointment,  is  beneficial. 

Erythema  intertrigo  is  very  frequently  observed  in  corpulent 
persons.  Washing  the  parts  with  a  potassium  permanganate  solu- 
tion (i  in  5,000),  followed  by  application  of  boric- talc  or  salicylic- 
talc  powder  (acid,  boric,  3i.,  talci,  §i. ;  ac.  salicyl.,  gr,  x.,  talci,  gi.),  is 
useful.  Persons  suffering  from  intertrigo  are  very  liable  to  become 
infected  with  tinea  cruris. 

Erythema  nodosum  —  Erythema  multiforme.— These  affections 
are  occasionally  met  with,  but  much  more  rarely  than  in  temperate 
zones. 

Erythema  annulatum  and  Erythema  gyratum,  in  persons  suffering 
from  fever,  and  coming  from  tropical  Africa,  should  always  arouse 
the  suspicion  of  trypanosomiasis. 

Diffuse  Erythema  scarlatiniforme  and  Erythema  morbilliforme 
may  be  seen  in  some  malarial  patients.  It  may  occasionally  be 
caused  by  quinine,  but  in  most  cases  is  of  malarial  origin.  The 
diagnosis  of  erythemata  in  dark  natives  is  difficult.  The  medical 
man  of  long  experience,  however,  will  be  able  to  detect  a  pecuhar 
shiny  aspect  of  the  skin,  with  a  distant  pinkish  tinge. 

Purpura. — Schonlein's  purpura,  Henoch's  purpura,  and  Werlhof's 
purpura  are  not  common  in  the  tropics,  though  we  have  seen  cases. 
A  symptomatic  purpura  eruption  is  occasionally  seen  in  the  last 
stage  of  kala-azar. 


DERMATITIS   VENENATA 

THE  EXANTHEMATA. 

Small-pox,  chicken-pox,  and  measles  are  very  common  in 
tropics,  though  scarlet  fever  is  but  rarely  met  with. 

Small-pox  is  very  common,  and  often  spreads  in  exten 
epidemics,  and  may  present  the  confluent  type  and  the  han 
rhagic  type,  which  is  rare  in  Europe.  In  colonies  under  Europ 
rule  vaccination  is  extensively  practised.  The  vaccine  does 
retain  its  immunizing  properties  for  more  than  a  few  weeks  in 
tropics,  and  hence  it  is  advisable  for  each  colony  to  be  provided  i 
a  central  vaccine  depot  where  the  lymph  can  be  prepared  ui 
careful  supervision.  Owing  to  the  habits  of  the  lower  classes 
to  many  of  the  vaccinators  being  non-medical  men,  serious  infect 
with  other  diseases  may  occur. 

Measles  may  be  difficult  to  recognize,  as  the  eruption  in  d 
skinned  races  is  better  felt  than  seen,  but  the  coryza  and  o 
S5miptoms  are  generally  sufficient  to  enable  a  correct  diagnosi 
be  made. 

URTICARIA— LICHEN  URTICATUS— PRURIGO. 

Urticarial  eruptions  are  as  frequent  in  the  tropics  as  in  tempe 
zones,  though  to  the  newcomer  the  diagnosis  of  urticaria  in  d 
skinned  natives  is  far  from  easy.  Of  lichen  urticatus  we  have 
several  cases  among  European  and  half-caste  children,  and  of  urtic 
pigmentosa  we  have  seen  one  case — a  European  child.  We  \ 
observed  true  prurigo  of  Hebra  in  two  native  girls. 

DERMATITIS  VENENATA. 

Several  tropical  plants  and  grasses  produce  substances  hi, 
irritating  to  the  skin,  but  the  subject  has  already  been  treate 
Chapter  VI.  (p.  97).  The  dermatitis  so  caused  may  be  urtica 
erythematous,  eczematous-like,  or  bullous,  and  may  extend  to  1 
portions  of  the  body.  The  forms  of  dermatitis  venenata  du 
animal  agents,  such  as  ants,  bugs,  caterpillars,  etc.,  have  1 
already  mentioned  in  Chapter  VIII.  In  Algeria  and  Ital} 
urticarial  eruption  is  caused  by  Pediculoides  ventricosus  New 
1850,  which  lives  in  diseased  cereals. 

PARASITIC  DISEASES. 

Trichophytoses. — In  tropical  countries,  in  addition  to  the  tri 
phytoses  pecuhar  to  the  tropical  climate,  several  other  form 
trichophytic  affections  occur  which  are  chnically  identical 
those  met  with  in  temperate  zones,  such  as  tinea  circinata,  1 
— i+i^     +inoQ    Karha^      The   funei   are.    however,    in   most   t 
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The  fungi  found  in  the  tropics  are  generally  large-spored  ones. 
Micvosporon  audouini  has  never  been  found  by  us,  but  a  few  cases  of 
tinea  capitis  due  to  it  have  been  described  by  Jeanselme  and  others. 
Favits  is  rare  in  tropical  Africa  and  Asia,  but  common  in  China. 
V  Pityriasis  versicolor.— The  pityriasis  versicolor  of  temperate  zones 
is  found  also  in  the  tropics.  It  is  to  be  noted,  however,  that  several 
writers  on  tropical  medicine  confuse  pityriasis  versicolor  with 
another  dermatomycosis  which  is  extremely  common — tinea  flava. 

Pediculosis  and  Scabies. 
—  Pediculosis  capitis  is 
extremely  common,  al- 
though natives  gener- 
ally take  great  care  to 
keep  their  hair  in  order 
by  regularly  combing, 
washing,  and  oiling. 
According  to  Fox,  Car- 
michael,  and  Pendergast, 
pediculosis  capitis  in  the 
Southern  States  of  North 
America  is  much  less  fre- 
quent in  the  negroes  than 
in  the  whites,  as,  accord- 
ing to  them,  the  negroes 
take  greater  pains  in  the 
care  of  the  scalp  than 
the  lower-class  whites. 
Pediculosis  corporis  and 
pediculosis  pubis  are  as 
frequent  in  the  tropics 
as  in  temperate  zones, 
and  so  is  scabies.  A 
disease  closelyresembling 
scabies,  but  due  to  a 
somewhat  different 
Acarus,  is  common  in 
Ceylon. 

BULLOUS   ERUPTIONS. 

Epidermolysis    bullosa 

is  occasionally  observed. 

Pemphigus    vulgaris 

and     Septic     pemphigus 

cases  are  not  rare  in 
the  tropics.  In  the  cases  of  septic  pemphigus  we  have  always 
found  virulent  streptococci.  The  eruption  is  similar  to  what  one 
sees  in  temperate  zones.  We  have  seen  a  case  of  Pemphigus 
vegetans,  and  we  have  seen  a  typical  case  of  Pemphigus  foliacaeus, 


368. — Septic   Pemphigus. 
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contracted    in    Ceylon,    and    another   in    Indo-China.     Dermatitis 
herpetiformis  is  not  rare. 

Of  Hydroa  vaceiniformis  we  have  seen  two  cases  in  European 
children. 

HERPES. 

Herpes  facialis,  febrilis  is  common  during  attacks  of  malarial  fever 
and  other  fevers,  but  very  rare,  as  is  well  known,  in  enteric. 

We  have  seen  in  European  children  a  similar  condition  to  what  some 
French  writers  call  fihvre 
heypltique.  The  condi- 
tion, as  seen  by  us,  is 
characterized  by  a  sharp 
attack  of  fever  lasting 
about  twenty-four  hours, 
and  at  the  same  time  by 
the  appearance  of  a  few 
herpetic  vesicles — in  our 
cases  on  the  thighs  and 
buttocks. 

Herpes  progenitalis  is 
very  common,  especially 
in  Europeans. 

Herpes  zoster  (zona, 
shingles)  is  frequently  met 
with  in  Europeans  and 
natives. 

ECZEMA  —  ACRODER- 
MATITIS PERSTANS 
—PSORIASIS— PARA- 
PSORIASIS—SEBOR- 
RHCEA— DERMATITIS 
EXFOLIATIVA. 

Eczema  is  extremely 
common,  and  all  varieties 
of  it  are  found  in  the 
tropics,  as  in  temperate 
zones,  both  in  natives 
and   Europeans.      Some 

cases   of  diffuse  eczema  ,       r      .      .xr-,      . 

will  improve  only  on  the  patient  going  to  a  cooler  climate.  Wilson  s 
eczema  verrucosum,  characterized  by  great  dryness  and  hardness 
and  warty  appearance  of  the  affected  parts,  is  frequently  met  with 
among  natives,  in  whom  it  attacks  the  toes. 

Acrodermatitis  perstans. — We  have  seen  two  cases  of  a  very 
obstinate  chronic  dermatitis  on  the  extremities  of  Sinhalese, 
apparently  identical  with  acrodermatitis  perstans  of  Hallepeau. 
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Psoriasis  is  considered  by  most  writers  to  be  extremely  fare  or 
absent  in  native  races  in  the  tropics.  Rutz  states  that  he  never 
saw  a  single  case  of  psoriasis  in  a  negro  during  his  many  years  of 
practice  in  Martinique.  Howard  Fox,  senior,  thinks  that  possibly 
the  savages  of  Africa  are  free  from  psoriasis  on  account  of  exposure 
of  the  skin  to  sunUght,  and  that  the  negroes  of  North  America 
have  inherited  this  peculiarity.  In  our  experience,  psoriasis  is  fre- 
quently met  with  in  the  tropics 
in  Europeans  and  natives  of  every 
race. 

SeborrhcBic  affections  are  com- 
mon in  the  tropics,  especially  in 
Europeans.  A  seborrhceide  of 
the  chest  is  frequently  met  with, 
and  often  confused  with  ring- 
worm. The  microscopical  exami- 
nation will  clear  the  diagnosis. 

In  Ceylon  a  peculiar  form  of 
seborrhoea  capitis  with  yellowish 
scales  is  occasionally  seen  in 
European  children  between  four 
and  twelve  years  of  age.  This 
affectionis  probably  due  to  Pityro- 
sporum  cantliei  Castellani  1908, 
and  quickly  disappears  when  the 
child  goes  to  cooler  climates. 

Dermatitis  exfoliativa  (pity- 
riasis rubra)  is  not  rarely  met 
with,  occasionally  following  on 
psoriasis.  In  Ceylon  we  have 
observed  two  cases  in  Sinhalese 
natives.  The  amount  of  desqua- 
mation was  enormous.  Qn  re- 
moving the  scales,  which  were 
white,  the  skin  appeared  of  an 
angry  red  colour. 

ACNE  VULGARIS  — ACNE 
ROSACEA— ACNE  VARIOLI- 
FORMIS—ACNE  CHELOID. 

Acne  vulgaris  and  Comedos  are 

Fig.  370. — Dermatitis  exfoliativa     extremely  common  in  all  races. 
IN  A  Sinhalese.  Both  types  of  acne — Acneindu- 

rata  and  Acne  papulosa  et  pustu- 
losa  —  are  observed.  The  treatment,  which  is  as  difficult  in  the 
tropics  as  in  temperate  zones,  is  based  on  the  use  of  medicated  soaps 
and  sulphur  or  ichthyol  lotions.  The  vaccine  treatment  may  give 
good  results. 
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Acne  rosacea  is,  in  our  experience,  comparatively  rare  in  the 
tropics,  though  we  have  seen  cases  in  all  races.  True  rhinophyma 
we  have  also  observed. 

Acne  varioliformis. — ^This,  in  our  experience,  is  as  frequent  in  the 
tropics  as  in  temperate  zones,  and  may  be  found  in  all  races.  The 
regions  of  the  body  more  commonly  affected  are  the  forehead, 
temples,  the  front  of  the  sternum,  and  the  interscapular  region. 

Acne  cheloid  is  very  common,  especially  among  native  races. 
The  back  of  the  neck  is  generally  affected.  Cases  of  Acnitis  and 
Folliclis  are  occasionally  seen. 

HYPERIDROSIS  AND  BROMIDROSIS. 

These  conditions  are,  for  climatic  reasons,  very  common  in  the 
tropics.  The  treatment  may  be  very  difficult.  Nd.phthol  or 
salicylic-alcoholic  lotions  (i  per  cent.),  followed  by  a  salicylic,  boric, 
or  tannoform  powder,  are  useful.  If  there  is  much  inflammation 
of  the  skin,  no  alcoholic  lotions  should  be  used,  but  simply  water 
solutions  of  boric  acid  (2  per  cent.),  carbolic  acid  (^  per  cent.),  per- 
manganate of  potassium  (i  in  5,000),  and  occasionally  hydrargyrum 
perchloride  (i  in  3,000  or  4,000),  after  which  a  salicylic  or  boric 
powder  is  applied.  It  should  be  always  remembered  to  sprinkle 
with  the  same  powder  the  socks  and  shoes  and  undergarments. 
Internal  treatment  by  sulphur,  acid  drinks,  etc.,  is  not  of  much 
use.  Belladonna  and  atropin  will  stop  the  secretion  for  a  time, 
but  they  must  be  pushed  till  unpleasant  symptoms  occur.  We 
have  seen  a  case  of  chromidvosis  of  the  axilla  in  a  native  boy  due 
to  the  presence  of  a  bacillus  closely  allied  to  the  Bacillus  prodigiosus. 

Granulosis  rubra  nasi  is  not  unfrequently  seen  in  half-caste  and 
European  children. 

LICHEN  PLANUS— LICHEN  SPINULOSUS— PITYRIASIS   RUBRA 

PILARIS— PARAKERATOSIS  VARIEGATA— 

POROKERATOSIS. 

Lichen  planus  is  common  in  the  tropics  among  Europeans  and 
natives  of  the  various  races.  In  very  dark-skinned  natives  the 
diagnosis  may  be  difficult  to  the -medical  man  used  to  seeing  skin 
diseases  in  Europeans  only.  Apart  from  the  colour,  however,  the 
skin  lesions  are  identical,  the  papules  having  an  angular  outhne 
and  a  flat  occasionally  umbellicated,  shiny  surface.  When  the 
emotion  disappears,  it  generaUy  leaves  behind  some  pigmentation 

hich  is  extremely  well  marked  in  natives.  Lichen  natidus  has  beer 
seen  by  us  on  the  penis  of  a  half-caste. 

Lichen  spinulosus  is  occasionally  met  with  in  children. 

nf  Pitvriasis  rubra  pilaris  we  have  seen  a  case  in  a  European. 
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TUMOURS  OF  THE  SKIN. 

The  tumours  met  with  in  temperate  zones  are  met  with  also  in 
the  tropics  in  Europeans  as  well  as  natives.  There  is  no  doubt, 
however,  that  native  races  are  more  subject  to  some  classes  of 

tumour  than  to  others.  We 
would  call  attention  to  the 
extreme  frequency  among 
the  natives  of  cheloid  and 
fibroma  moUuscum,  and  the 
comparative  rarity  of  epi- 
thelioma of  the  face. 


CONNECTIVE-TISSUE 
TUMOURS. 

Benign  Connective-Tissue 
Tumours. 

Simple  fibroma,  Fibroma 
pendulum,  and  Fibroma 
molluscum  (neurofibroma- 
tosis of  Recklinghausen)  are 
very  frequently  met  with 
in  natives.  Myomata  are 
occasionally  observed  —  in 
our  cases  always  on  the  face. 
Angiomata  are  not  rare, 
and  multiple  Telangiectases 
are  fairly  common,  and 
Lymphangiomata  very  fre- 
quent. 

Xanthoma  planum  and 
Xanthoma  tuberosum  are 
frequently  observed. 

Xanthoma  diabeticorum  is 
very  common  in  India  and 
Ceylon,  where  the  better 
classes  suffer  greatly  from 
diabetes.  An  example  of 
Balzer's  Pseudo-Xanthoma 
or  Elastorrhexis  affecting  the 
abdomen  was  observed  by  us  in  a  half-caste  woman. 

Cheloid. — This  is  extremely  frequent  in  native  races.  According 
to  some  authors,  negroes  suffer  from  it  sixteen  to  eighteen  times  as 
much  as  whites.  In  Indian  races  it  is  not  so  frequent  as  in  African 
natives,  but  still,  much  more  frequent  than  in  Europeans.  The 
smallest  wounds,  such  as  those  made  in  tattooing,  may  be  followed 
by  cheloid.  In  Chinamen  it  often  follows  hypodermic  injections  of 
morphia. 
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Malignant  Connective-Tissue  Tumours. 

Multiple  sarcomatosis  of  the  skin  is  rare.  We  have  seen  two  cases, 
both  m  Sinhalese  girls.  Of  the  so-called  Lymphoderma  perniciosa 
^^^^a^'vealso  seen  a  case  in  a  Sinhalese  man. 

Mycosis  lungoides  has  been  observed  bv  us  once  only  in  a  half- 
caste  man. 

EPITHELIAL  TUMOURS. 
Benign  Epithelial   Tumours.  \ 

Epithelial  moles  are  frequently  observed. 

Molluseum  contagiosum  is  met  with  in  all  races. 

Verrucse  and  Warts  are  extremely  common.  In  two  instances 
we  have  seen  Sinhalese  boys  covered  all  over  the  body  with 
hundreds  of  warts.  Filiform  warts  are  met  with,  and  gonorrhceal 
warts  are  very  common.  Verruca  senilis  and  Verruca  seborrhceica 
are  frequent. 

Escorael  has  drawn  attention  to  a  peculiar  treatment  for  warts  in 
vogue  among  certain  races  in  South  America.  These  people  apply 
the  crushed  body  of  a  beetle  belonging  to  the  genus  Meloe  to  the 
wart,  the  horny  layer  of  which  had  been  first  scraped  off. .  The 
wart  disappears,  leaving  a  slight  whitish  scar.  The  active  principle 
is  to  be  found  in  the  beetle's  blood. 

Hyperkeratosis  of  the  whole  sole  is  often  observed  in  natives  going 
barefoot.  We  have  seen  several  cases  of  Cornu  cutaneum ;  in  our 
cases  the  situation  was  on  the  hands. 

Malignant  Epithelial  Tumours. 

Rodent  ulcer  is  comparatively  rare  among  natives,  but  we  have 
seen  one  case  in  a  Sinhalese  woman.  We  have  observed  a  case  of 
Melanotic  carcinoma  and  two  of  Paget's  disease  of  the  nipple  among 
half-castes. 

MIXED  TUMOURS. 

Adenoma  sebaceum  of  the  face  has  been  seen  but  rarely  by  us. 
We  have  never  observed  in  the  tropics  cases  of  Angiokeratoma 
on  the  hands.  The  non-occurrence  of  this  peculiar  little  tumour 
in  the  tropics  is  explained  by  the  fact  that  this  tumour  develops  as 
a  sequel  to  very  severe  chilblains.  We  have,  however,  seen  a 
somewhat  similar  tumour  on  the  scrotum  of  a  European. 

RHINOSCLEROMA. 

A  case  of  rhinoscleroma  has  been  observed  by  us  in  an  Indian 
^r.^Mc    and  Gros  has  reported  the  occurrence  of  the  disease  in 
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TUBERCULOSIS  AND  TUBERCULIDES. 

Lupus  vulgaris  is  met  with  in  the  tropics  in  all  races,  but,  according 
to  our  observation,  is  far  from  being  so  common  as  in  Europe. 

Tuberculosis  verrucosa  cutis  is  very  rare,  and  Scrof  ulodermia  much 
less  common  than  in  temperate  zones.     All  the  so-caUed  tuberculides 

— Lichen  scrofulosorum.  Acne 
scrofulosorum,  Bazin's  Ery- 
thema induratum — are  observed 
but  rarely  in  the  tropics. 

Lupus  erythematosus,  as  re- 
gards which  we  agree  with  those 
writers  who  do  not  consider  it 
of  tubercular  origin,  is  very  rare 
in  the  tropics. 


Fig.    372.- 


SYPHILIS  — VENEREAL 
SORES— BALANO-POS- 
THITIS. 

At  the  present  date  syphilis 
is  rampant  all  over  the  tropics. 
In  the  past  there  is  reason  to 
believe  that  it  was  unknown  in 
many  of  those  tropical  regions 
which  were  unopened  to  the 
cosmopolitan  trade.  According 
to  Lambkin,  in  some  parts  of 
Uganda  syphilis  affects  more 
than  half  of  the  population,  and- 
this  enormous  diffusion  of  the 
malady  has  taken  place  during 
recent  years  since  the  country 
has  been  opened  up.  Syphilis  is  very  common  now  also  in  all  the 
other  regions  of  Africa,  and  is  very  common  in  Tropical  Asia.  It 
has  been  noted  by  Fox  that  in  America  it  is  much  more  frequent 
among  negroes  than  among  whites.  In  our  experience,  the  virulence, 
as  well  as  the  symptoms  of  the  disease,  are  not  much  different  from 
what  one  sees  in  Europe.  We  can,  however,  confirm  Brauld's 
observation  on  the  frequency  of  the  primary -sore  on  the  supra- 
pubic region  of  natives,  who  regularly  shave  their  pubis.  Perhaps 
the  general  enlargement  of  the  lymphatic  glands  is  more  marked 
in  natives,  and  circinate  and  pustular  syphilides,  as  observed  by 
H.  Fox,  are  more  common.  The  tertiary  ulcerative  lesions  are  apt 
to  become  of  enormous  proportions,  owing  to  secondary  infections, 
and  to  the  patient  not  seeking  proper  medical  advice  for  a  long 
time.     Of  great  interest  is  the  fact  that  in  uncivilized  native  races 


-Lupus  vulgaris  in  a 
Sinhalese. 
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the  so-called  parasyphilitic  affections   (progressive  paralysis  and 
tabes  dorsalis)  are  extremely  rare. 

As  regards  the  treatment  of  syphUis  in  the  tropics,  inunctions  are 
very  unpleasant  in  a  hot  damp  climate.  We  generally  prefer  the 
ordinary  internal  treatment  by  hydrargyrum  cum  creta,  gr.  i.,  three 
times  daily.  In  severe  cases  we  use  injections  of  various  prepara- 
tions of  mercury.  Lambkin's  cream  is  very  useful.  A  mixed  mer- 
cury and  potassium  iodide  or  mercury  atoxyl  treatment  is  of  ad- 
vantage in  some  cases.     Natives 

are  said  by  some  authors  to  be     ^ 

extremely  susceptible  to  mercury,      1 

but    in   our   experience  this  has 

been  exaggerated.     We  generally 

give  them  the  same  doses  as  to 

Europeans.  ' 

Venereal  Sores. — These  are 

common    in    all   races,  but   are 

more  apt  to  take  a  phagedenic 

character  in  the  tropics. 
Balano-posthitis.— Every  type 

of  balano-posthitis  is  met  with 

in  the  tropics. 

ICHTHYOSIS—  SCLERODERMIA 
—MORPHEA. 

Every  type  of  Ichthyosis  is 
met  with  in  the  tropics,  from 
simple  Xerodermia  to  Ichthyosis 
hystrix.  Diffuse  scleroderma  is 
rare  but  circumscribed  sclero- 
derrnia  (morphea)  is  rather  fre- 
.quent.  We  have  seen  a  case  of 
Sclerema  neonatorum  in  a  Sm- 
halese  baby. 

KAPOSI'S  DISEASE— DARIER'S 
DISEASE-ACANTHOSIS 

NIGRICANS. 

We  have  seen  in   the   tropics 
1  cases  of  Kaposi  s  disease 
/         rlprmia  pigmentosa)  among  European  and  half-caste  children. 
W    have  not  yet  come  across  in  the  tropics  cases  of  Acanthosis 
nilra  nor  Darier's  disease. 


Fig.   373. — Ichthyosis  in  a 
Sinhalese. 
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LENTIGO— CHLOASMA. 

Freckling  cannot  be  seen  in  very  dark-skinned  natives,  but  is 
easily  visible  in  half-castes.  It  is  very  common  among  Europeans, 
especially  those  who  live  an  open-air  life,  and  are  much  exposed  to 
the  sun. 

Chloasma  is  a  very  common  affection  in  the  tropics,  and  is  found 
among  Europeans  as  well  as  natives.  The  dark-brownish  or  dirty- 
yellowish  patches  of  chloasma  are  plainly  distinguishable  in  the 
skin  of  Indian  and  Sinhalese  natives,  though  in  African  negroes 
they  may  be  indistinguishable.  In  Sinhalese  male  patients  a  con- 
dition characterized  by  two  dark  roundish  chloasma  patches 
situated  symmetrically,  one  on  each  cheek,  is  very  common.  In 
some  cases,  in  addition  to  these  two  patches,  a  third  one  is  found 
on  the  nose.  We  have  been  often  consulted  by  natives  on  this 
condition,  as  they  greatly  object  to  it.  In  Sinhalese  women 
chloasma  uterinum  is  very  common.  Several  other  forms  of  chloasma 
are  observed  : 

1.  Chloasma  solar e  [Melasma  solar e),  due  to  exposure  to  the  sun. 
This  is  found  among  Europeans,  half-castes,  and  also  in  natives. 
In  natives  who  wear  clothes  it  is  easy  to  see  that  the  parts  exposed 
to  the  sun  are  darker. 

2.  Chloasma  caloricum,  from  exposure  to  heat.  Found  often  in 
stokers. 

3.  Chloasma  traumaticum,  from  mechanical  irritation,  scratching, 
etc. 

4.  Chloasma  toxicum,  due  to  irritating  drugs — as,  for  instance, 
after  a  blister. 

5.  Chloasma  malaricum  and  Kala-azar  Chloasma. — Patches  of 
hyperpigmentation  are  found  occasionally  in  patients  suffering 
from  chronic  malaria,  and  in  patients  affected  by  kala-azar.  A 
diffuse  hyperpigmentation  resembling  Addison's  disease  has  been 
described  in  the  chapter  on  Malaria. 

DISEASES  OF  THE  HAIR  AND  NAILS. 

The  diseases  of  parasitic  origin  are  common,  and  have  been 
described.  Cases  of  Hypertrichosis  in  man  and  woman  are  occa- 
sionally met  with.  The  so-called  '  fragilitas  crinium,'  as  weU  as 
Trichorrhexis  nodosa,  are  rare  in  natives,  this  being  probably  due  to 
the  habit  they  have  of  frequently  oiling  and  greasing  the  hair. 
We  have  seen  cases  of  Moniliform  hair  (monilithrix)  in  Sinhalese 
and  Tamils.  In  several  Sinhalese  decrepit  old  men,  who  wear 
their  hair  long,  and  do  not  take  care  of  it,  we  have  seen  a  condi- 
tion of  inextricable  matting  of  the  hair  somewhat  resembling  Plica. 

Canities  is  said  to  take  place  at  a  later  age  in  negroes  than  in 
Europeans,  but  in  our  experience  neither  in  negroes  nor  in  Indian 
races  is  there  any  distinct  difference.     Alopecia  of  every  origin  is 
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met  with  in  the  tropics.  Alopecia  seborrhoica  is  very  frequent  among 
-c-uropeans  and  educated  natives.  It  is  rare  among  the  low  classes. 
Alopecia  senilis  is  less  frequent  in  natives  than  in  Europeans. 
Alopecia  areata  is  apparently  rare  among  natives,  though  fairly 
irequent  among  Europeans.     We  have  seen  a  case  of  pseudo-pelade 

f  ™cq  (foUiculitis  decalvans)  in  a  Sinhalese  man. 

All  the  diseases  of  the  nails  met  with  in  temperate  zones  are 
tound  also  in  the  tropics.  We  have  noted  with  comparative  fre- 
quency a  form  of  onychogryphosis  affecting  several  members  of  the 
sarne  family,  and  apparently  hereditary  to  a  certain  extent.  The 
nails  are  enormously  thickened,  and  much  longer  than  usual.  AH 
the  nails  may  be  affected,  both  on  the  fingers  and  toes. 

Onychomycosis  of  various  origin  is  a  common  affection. 

SOME  COSMOPOLITAN  DISEASES  OF  MUCOUS 
MEMBRANES. 

Patches  of  Leucoplakia  of  the  tongue  are  common  in  natives,  and 
may  be  of  various  origin — syphilitic,  framboetic,  or  due  to  irritation 
caused  by  smoking  or  chewing  various  substances.  Lingua  nigra 
is  occasionally  seen.  We  have  already  called  attention  to  the  dark 
patches  found  on  the  tongue  in  natives,  and  which  by  some  writers 
have  been  described  as  a  sign  of  agchylostomiasis.  A  condition 
which  might  be  called  red  or  purple  tongue,  and  which  often 
puzzles  the  newly-arrived  medical  man,  who  does  not  know  its 
origin,  is  extremely  common  in  Ceylon  among  the  coolies  and 
lower-class  natives,  and  is  simply  due  to  chewing  betel.  The  pig- 
mentation slowly  disappears  on  the  native  discontinuing  the  use  of 
betel.  Cases  of  furrowed  'tongue  (scrotal  tongue)  are  not  rare. 
We  have  seen  a  case  of  Fordyce's  disease  (pseudo-colloid  of  the 
lips)  in  a  half-caste.  A  case  of  Chelitis  exfoliativa  in  a  European 
lady  and  cases  of  perleclie  have  been  observed  by  us  among 
European  children.  Under  the  term  Ulceration  saisoniere  recidi- 
vanfe  des  levres,  Gros  has  described  a  very  superficial  ulceration  on 
the  lower  lips  in  Algerian  natives  which  is  very  common  in  the  hot 
season,  and  is  apparently  due  to  diplo-bacillus. 
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Ab-oukine  (Gaboon),  855 
Abortion,  106 

poisons  used  for,  99 
Abrus  precatorius ,  no,  in 
Abramis  brama,  273 
AbscSs  du  Foie,  10 15 
Abscess  of  liver,  79 

entamoebic,  1015 
Acanthia,  Fabricius,  505 

lectularius,  Fabricius,  506 
Acanthobdellida,  456 
Acanthocephala,  Rudolphi,  446,  941 
Acanthoma  inguinale,  Castellani,  1 129 
Acanthopterygii,  156 
A  canthosporidcs ,  316 
A  canthurida ,  156 
Acanthurus  luridus,  156-7-8 
Acarina,  132,  140,  457,  495  ref. 
A  cams  csgyptus,  L.,  486 

dysenteries,  489 

folliculorum ,  Simon,  490 

gallintB,  De  Geer,  460 

margin atus,  Fabricius,  470 

reduvius,  L.,  484 

reflexus,  Fabricius,  470 

reticulatus,  Fabricius,  481 

ricinus,  L.,  484 
Acarus  tritici,  Lagreze-Fossot,  488 
Accidental  poisoning,  108 
Acclimatization,  71 
Acephalina,  KoUiker,  316 
A  cephalocystis ,  Laennec,  396 
A  chorion  akromegalicum,  61 1 

atacton,  611 

cysticum,  611 

dikroon,  611 

demergens,  611 

euthythrix,  611 

gypseum,  Bodin,  612 

monili forme,  611 

guinkenaum,  612 

radians,  611 

Schoenleini,  Lebert,  6n 

tarsi feron,  611 
A  chromaticus ,  274 

vesperuginis,  Dionisi,  289 


Achromia  squamosa,  Crocker,  1087 

acquired,  1142 
Acliromieparasitaire,Jeanselme,  1087 
Acids,  mineral,  98 
Acinetaria,  213 
Acis  spinosa,  390 
Aclerda  berlesei,  619 
Acnea  sebacea,  490 
Acne  cheloid,  1159 

indurata,  11 58 

papulosa,  1 158 

pustulosa,  1 1 58 

rosacea,  11 59 

varioliformis,  11 59 

vulgaris,  11 58 
Acocanthera  (arrow-poison),  11 2-3 

ouabaio,  Cathelineau,  113 

schimperi,  Del.,  113 

venenata,  Thunberg,  113 

deflersi,  Schweinfurth,  114 
Acoc^ntherin,  113 
Acocculus,  W.  and  A.,  117 
Aconite,  100,  no 

arrow-poison,  116 
Aconitum  ferox.  Wall,  100,  112,  116 

heterophyllum,  Wall,  100 

luridume,  Aorte,  100 
Aconitum  lycoctonum ,  I-.,  100 

napellus,  L.,  100 

palmatum,  Don.,  loo 
Acquired  achromia,  1 1 42 

leucopathia,  1142 

leukasmus,  1142 

piebald  skin,  1142 
Acrochordinis,  169 
Acrodermatitis  perstans,  1157 
ActinocephalidcB,  316 
Actinomyces  bovis,  Harz,  619 

sulphureus,  Gasperini,  619 
Actinomycosis,  619 
Actinomyxidia,  330 
Acwins,  2 
Acystina,  234 
Acytosporea,  Hinchin,  289 
Acytosporidia,  Wasielewski,  289 
Adder,  death  from,  170,  173 
i65 


INDEX 


1 167 


ison's,  disease,  1025 
lea,  A.  Schneider,  318 

ovata,  A.  Schneider,  318 
;n  ulcer,  in8 
niii'fn  boehmianum,  Schinz,  1 14 

somalense,  Oliver,  114 

Poir,  no 
inolymphoceles,  625 
;noma  sebaceum,  ii6i 
ibe  tick,  470 
ilia,  147 

enalin  in  snake-bite,  197 
iatic  Ry.  Co.,  682 
incB,  Theobald,  540,  636 
opneusta,  457 
otropism,  302 

ibatisnarinari,  Euphrasen,i  56, 164 
han  Jara,  11 11 
ican  arrow-poisons,  113 

tick  fever,  305,  467,  473,  707 

trypanosomiases,    732,    750   ref. 
(vide  Trypanosomiasis) 

West,  village,  i 
icauische  schlafkrankheit,  732 
idol  blue,  746 

violet,  746 
ima  tuberculata,  328 
imodistomum.  Stiles,  354,  361 

ophthalmobium^Diesmg,  352,  3^1, 
376  ref. 
imofilaria.  Stiles,  407,  426 

georgiana,  Stiles,  426 

oculi,  Diesing,  426 

Von  Nordmann,  426 

palpebralis.  Pace,  426 
imomeris,  427 

restiformis,  Leidy,  407,  427 
ir,  Sabouraud's  maltose,  606 
■■hylostoma,  4,  8,  345-6,  449  ref. 

caninum,  436 

duodenale,  Dubini,  132,  375,  432, 

436,  735,  743,  812,  925,  931 
;hylostomiasis,  26,  75,  77,  79,  81, 

439,672,887,931 
aetiology  of,  931 
blood  in,  933 
"  bunches,"  931 
climatology  of,  931 
complications  of,  93  s 
definition  of,  931 
diagnosis  of,  935 
history  of,  931 
morbid  anatomy  of,  932 
pathology  of,  931 
prognosis  of,  936 
prophylaxis  in,  937 
routine  in,  940 
symptomatology  of,  932 
synonyms  of,  931 
treatment  of,  936 
urine  in,  936 


Agelaius  phceniceus,  L.,  270 
Agglutinins,  176,  179 
AggfegatidcB,  Labbe,  316 
Aglypha,  168 
Agrostemma  githago,  124 
Ague,  78,  631 
Ainhum,  15,  1 148 

aetiology  of,  1149 

climatology  of,  1 1 49 

definition  of,  1148 

history  of,  1148 

pathology  of,  1149 

references,  1 1 5 1 

synonyms  of,  1 148 
Aka  mushi  disease,  488,  717 
Akatama,  1066 
Aker  lampong,  Malacca,  1 16 
Albinism,  etiology  of,  1144 

pathology  of,  1144 

synonyms  of,  1 144 

treatment  of,  1144 
Albinos,  70 

Albumon,  Chabrie's,  182 
Albizzia  anthelmintioa,  A.  Broga,  913 
Alcohol,  73 

danger  of,  49 

in  heat-stroke,  91,  94 
Alcoholic  coma,  93 

neuritis,  1059 
Alder-fly,  445 
Aldrichia,  Theobald,  532 
Alectorobius  talaje,  Gudrin-Meneville, 

467 
Aleppo  boil,  1 1 1 1 
Alexandrian  medicine,  5 
Algcs,  593 

Algide  pernicious  fever,  663 
Alimentary  canal,  diseases  of,  924 
Alopecia  seborrheica,  1165 

senilis,  1165 
AUobosca,  Wiedemann,  574 
AUotriophagia,  931 
Altitude,  29 

Alu-hama,  Ceylon,  1089 
Alypin,  954 
Ama-apaka,  974 
Amaurosis,  malarial,  666 

quinine,  666 
Amaurotic  pernicious  fever,  665 
Amblyomma  amevicanum ,  Koch,  467 

cajennense,  467 

dissimile,  Koch,  467 

hebrcBum,  Koch,  486 
America,  relapsing  fever  of,  704 
American  arrow-poisons,  117 

disease  prevention,  940 
Amitosis,  2i6 

Ammania  baecifera,  L.,  100 
Ammodromus  manimbe,  332 
Ammonia  in  snake-bite,  198 
Amnesia,  tropical,  71 
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Amosha,  Gluge,  247 

rotatoria,  Mayer,  270 
Amceb(S,  744 
Amcebiasis,  975 
Amoebic  dysentery,  975 
Amcebida,  214 
Amoebosporidium,  Bonome,  281 

polyphagum,  Bonome,  286 
Amok,  1064 
A  morphophallus  camp  anulatus, 'Blum.., 

IIS 
Amphibia,  164,  165  ref. 
Amphisiomum  watsoni,   Conyngham, 

353 
Amphitretidts,  384 
Amos  tribes,  116 
Amyloidosis,  644 
Amulets,  2 
A  nacardiacecB ,  118 
Anacardium  occidentale ,  106,  loS 
Anaemia,  77-8-9,  80,  1024 

Egyptian,  433 

post-malarial,  649 

profound,  310 

pernicious,  93 

tropical,  433 
Anaemic  dropsy,  acute,  902 
Anakhre,  1048 

Anal  coshol,  Br.  Guiana,  552 
Analysis,  snake  venom,  175,  177 
Analyst,  public,  97 
Anamirta  cocculus,  Wight,  100,  117 

paniculata,  W.  and  A.,  100,  117 
Anboyna  pox,  856 
Anchylostomiasis.      Vide     Agchylos- 

tomiasis 
Ancistrodon  contortrix ,'L.  172,  176-7-9 

piscivorv.s,  Lacep,  172-5,  327 
Ancylostoma   americanufn,    von   Lin- 
stow,  438 
A  ndroctonus      funestus,      Ehrenberg, 

133 
Andrum,  India,  815 
Anemie  des  Pays  Chauds,  93 1 
Anemones,  129 
Anemone  scultatus,  130 
Anethum  graveolens ,  L.,  107 
Angina  vincenti,  308 
Angiofibroma  contagiosum  tropicum, 

1 137,  1 1 39  ref. 
Angiokeratoma,  1 1 6 1 
Angiomata,  1160 
Angiosporea,  316 
Angiostomidcs,  404 
Anglo-Indian,  diet  of,  49 
A  nguilli  formes,  156 
Anguillula,  Ehrenberg,  403 

aceti,  Miiller,  403,  446  ref. 
Anguillula   intestinalis  et  stercoralis, 

Bavay,  404,  929 
AnguillulidcB ,  403 


AnguilluUna,   Gervais  and  Brendon, 

403 
putrefaciens ,     Kiihn,     403,     447 
ref. 
Anhalonium  lewinii,  Henn.,  106 
Animal  food-poisoning,  1 20 

parasites,  203 
Animals,  bites  of,  6 
inoculation  of,  745 
venomous,  129 
Anisolabis  annulipes,  390 
Anistomata,  Marx,  476 
Ankylostomiasis.        Vide     Agchylos- 

tomiasis 
Annam  ulceration,  11 18 
Annulafa,  451 
Anodonta  cygnea,  309 

mutabilis,  309 
Anomomeristica,  4^7 
Anopheles,  Meigen,  9,  14,  207,  415, 
532 
aithenii,  Theobald,  533 
albim-anus,  413 
algeriense,  Theobald,  533 
annulipes,  531 
barberi,  CoquUlet,  533 
bifurcatus,  L-,  53',  533,  637 
corethroides ,  Theobald,  533 
eiseni,  Coquillet,  533 
ferruginiensis,  Wiedemann,  533 
franciscanus ,  McCracken,  533 
gigas,  Giles,  533 
immaculatus ,  Theobald,  533 
lindsayii,  Giles,  533 
martini,  Laveran,  531-3 
maculipennis ,  Meigen,  148, 275-7, 
310,  413,   516,  526,  531,,  533, 

637 

musivus,  413 

nigripes,  Staeger,  533,  637 

punctipennis,  Theobald,  533 

pursati,  Laveran,  531,  533 

smithii,  Theobald,  533 

vincenti,  Laveran,  531 

wellcomei,  Theobald,  533 
AnopheliniB,  Theobald,  14,  531-2 

and  culicincB,  differences,  527 

prophylaxis,  685 
Ant,  common  red  house,  508 

the,  146 

venom  of,  147 
Antheridium,  595 
Antherozoids,  595 
Anthomyia  canicularis,  L.,  573 

desjardensii,  Macquart,  573 

radicum,  566 
AnthomyidcB,  Latreille,  573 
Anthrax  fever,  287 
Anthropopithecus  troglodytes,  Gmelin, 

297 
Antiarin,  116 
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aris  toxicaria,  Lesch.,  115-116 

hsemolysins,  177,  183 

mony,  98 

and  atoxyl  treatment,  746 

venene,  167 

Calmette's,  137 

cobra,  134 

intravenous  injection  of,  197 

r^dhapura,  hospital  at,  3 

thoides  chronica,  944 

thous  stomatitis,  944 

idtB,  504 

%nipteya,  Kirby  and  Spence,  577 

asic  pernicious  fever,  665 

IcB,  144,  152  ref. 

isoma  bigeminum,  WandoUek,  285 

r  mellifica,  L.,  144 

■ynaceis,  99,  loi,  103,  112-3,  115 

des,  156 

nomma,  Neumann,  485 

gervaisi,  485 

plexy,  93 

endicitis,  75,  346,  924,  929,  998 

endicostomy,  983,  1002 

'ra,  Lamarck,  577 

jian  medicine,  6 

;A«i&,  Lamarck,  132,151  ref.,  457 

;hnolysiu,  137-8 

^ea,  132,  137,457 

tidcB,  147 

!s,  Latreille,  469 

cequalis,  Neumann,  471 

americanus ,  470,  474 

brumpti,  Neumann,  141,  471 

canestrinii,  Birula,  475 

chinche,  Gondet,  470 

cucumerinus,  Neumann,  471 

hermanni,  Audouin,  471 

kochi,  Neumann,  -(,71 

mauritianus,     Gu^rin-Meneville, 

470 
megnini,  Duges,  474 
miniatus,  Koch,  470 
papillipes,  Birula,  475 
persicus,  Oken,  141,  470,  721 

Fischer  de  Waldheim,  467-8, 

309 
pulchella,  George,  471 
refiexus,  Fabricius,  141,  467,  469 
sanchezi,  Dugds,  470 
savignyi,  Audouin,  472 
tholozani,  I-aboulbtoe  and  Meg- 

nin,  475 
'.ransgariepinus ,  White,  471 
sidis,  Canestrina,  141,  468 
ncohdellida,  453 
IS  carinatus,  Forster,  510 
elephantiasis  of,  833 
iea,  115 

lalzagia,  Theobald,  532 
iv-poisons,  III 


Arrow-poisons,  action  of,  112 

treatment  of,  112 

African,  113 

American,  117 

Asian,  115 

Australasian,  116 
Arsenic,  98,  258,  260 

in  abortion,  107 

in  snake-bite,  198 

sulphide,  110 
Arsenical  neuritis,  1059 
Arsenious  oxide,  1 10 
Arseno-phenyl-glycin,  745-6 
Arthropoda,    Siebold    and    Stannius, 

132,  456,  490  ref. 
Arthropodic  dysenteries,  986 
Arum  montanum,  Roxb.,  118 
Arundo  donax,  618 
Arvicola  arvalis,  230 

arvensis^  230 

amphibius J  2'}o 

natanedzumi ,  Sasaki,  718 
Ascariasis,  definition  of,  940 

symptoms  of,  940 

treatment  of,  941 
AscaridtB,  441 
Ascarides,  131 
Ascaris,  Linnseus,  4,  441 

alata,  Bellingham,  444 

apri,  Gmelin,  430 

canis  et  martis,  Schrenk,  429 
Gmelin,  443 

lumbricoides,   L.,   346,   429,   441 
449,  743,  812,  925,  940 

marginata,  Rudolphi,  443 

(?)  maritima,  Leuckart,  442,  926 

mystax,  443 

texana,  .Smith  and  Goeth,  442, 
450  ref.,  925 

trichiura,  L.,  428,  929 

vermicularis ,  L.,  444 

visceralis  et  renalis,  Gmelin,  429 
Aschiza,  550 
Asci,  595,  599 
AsclepiadecB,  106,  118 
AscomyceUs,  599 
Ascospores,  595 
Ascus  fructifications,  595 
Asian  axrow-poisons,  115 
AsilidcB,  549 
Asopia  farinalis,  390 
Asp,  Cleopatra's,  170 
Aspergillar  pseudo-tuberculosis,  617 
Aspergillosis  of  ear,  617 

of  eye,  617 

of  hairy  parts,  1097 

of  lungs,  617 

of  nose,  617 

of  skin,  618 

of  urethra,  618 
Aspergillus,  Micheli,  614 
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A  spergillus barbes,  Castellani,  6 1 5 , 1 097 

bronchialis,  Blumentritt,  616 

bouffardi,  Brumpt,  617,  1052 

fiavescens,  Wreden,  616,  908 

flavus,  De  Bary,  616 

futmgatus,    Fresenius,   615,   617, 
908 

glaucus,  617 

malignus,  Lindt,  616 

nidulans,  Eidam,  616,  1052 

niger,  von  Tieghem,  615,  618 

nigrescens,  Robin,  615 

nigricans,  Wreden,  615 

pictor,  Blanchard,  616,  1099, 1 102 

repens,  De  Bary,  616 

tokelau,  Wehmer,  610,  618 
Aspidobothrii,  Burmeister,  351 
Aspidocotylea,  Monticelli,  351 
A  sporooystidcs ,  Leger,  318 
A  stigmata,  459,  489 
A  stragalinus  tristis,  L.,  270 
Asturinula  monogrammia,  246 
Ataxic  pernicious  fever,  666 
Atharvaveda,  2 
Athene  nocina,  Retz,  244,  246 
Athermauous  vapour,  21 
Atheroma,  1094 
Atisar,  974 
Atmometry,  41 
Atmosphere,  circulation  of,  36 

humidity  of,  54 

pressure  of,  32 

temperature  of,  54 
Atoxyl,  679,  710,  733,  745-6,  874 
Atriplex  angustissima,  127 

littoralis,  127 

serrata,  127 
Atriplicismus,'  122,  127,  128  ref. 
Attridi  assara,  688 
Atylotus,  Osten  Sacker,  548 

fulvus,  Meigen,  548 

rusticus,  Fabricius,  548 
Auchmeromyia  depressa,  575  ref. 

guteola,  575  ref. 

luteola,  Fabricius,  571 
Aulastoma,  Moquin  Tandon,  454 
Aurata,  446 
Aussatz,  835 

Australasian  arrow-poisons,  1 16 
Autobasidia,  618 
Ayurveda,  2 

Axilla,  temperature  in,  52 
Aztec  medicine,  3 

Babesia,  14,  140,  713 
annulatum,  468 
aristotelis,  Denier,  288 
bigemina,   Smith  and   Kilborne, 

285,  286,  467,  480,  485 
bovis.  Bab^s,  286 
Chauvelot,  285 


Babesia   canis,  Plana  and  GaUi  Va- 
leiro,  281,  467-8,  479,  484 

celli,   Castellani   and   Chalmers, 
288 

cervi,  Fran9a  and  Borges,  287 

equi,  Laveran,  287,  467,  479 

herpetidis,  Franfa,  288 

hominis,  Wilson  and  Chowning, 
288 

incertum  sedts,  NicoUe,  288 

muris,  Fantham,  287 

mutans,  Theiler,  286 

ovis,  BabSs,  286,  468,  478 

parva,  Theiler,  286,  478-9 

pithed,  P.  H.  Ross,  287 

quadrigeminum,  2Slicolle,  288 

references,  312 

spreaders  of,  467 

starcovici,  281 
Babesiasis,  287 

canine,  484 
Bacillary  dysenteries,  986 
aetiology  of,  988 
climatology  of,  988 
complications  of,  998 
definition  of,  986 
diagnosis  of,  998 

bacteriological,  999 
diet  in,  1004 
history  of,  987 
morbid  anatomy  of,  992 
pathology  of,  992 
prognosis  of,  999 
prophylaxis  of,  1004 
saline  treatment  of,  looi 
serum  treatment  of,  1000 
sequelae  to,  998 
symptomatology  of,  994 
synonyms  of,  986 
treatment  of,  999 
BaciUenruhr,  986 
Bacillus  acidi  lactici,  Hiippe,  990 

anthracis,  10 

asylum  dysenteries.  Eyre,  990 
Knise,  990 

Barton's,  882 

breslavefisis ,  990 

bOtschli,  302 

ceylonensis,  Castellani,  802,  990 

cholercB  suis,  759 

cloaccB,  Jordan,  990 

coli   communis,    Escherich,    180, 
987,  990,  1016 

coli  dysentericus ,  Celli,  987,  989 

coli  immobilus,  Durham,  990 

dysenteriis ,    cultural    characters 
of,  990 
Flexner-Manila,  990 
Shiga-Kruse,  988 
Strong-Manila,  988 
"  Y,"  Hiss,  987,  990 
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JUus  El  Tor  No.  i,  Ruffer  and 

Willmore,  988 
entericus,  Castellani,  990 
enteriditis,  Gartner,  990 
Flexner's,  987,  998 
Gartner's,  122,  878 
grunthali,  Castellani,  990 
Hamilton  Wright's,  893 
Harris's,  989 
hog  cholera,  Evans,  990 
icteroides,  Sanarelli,  759,  990 
infantile  diarrhoea,  Duval,  990 
lactis  aerogenes,  Escherich,  990 
lepree,  Hansen,  990 
morgan,  No.  i,  990 
neapolitanus ,  Emmerich,  990 
paracolon,  Day,  990 

Mair,  990 
paradysenterics,  Castellani,  987-8, 

990,  997 
para-entericus ,  Castellani,  990 
para-typhoid,  Schottmiiller,  990 
para-typhosus,Scla.ottrD.To\\ex,  122, 
pellagred,  908  [878 

prodigiosus,  1159 
pseudo-coli,  Castellani,  990 
pseudo-dysentericus,    Duval   and 
Schorer,  989 
Kruse,  989 
psittacosis,  Nocard,  990 
pyocyaneus,  987,  1016 
pyogenes  foetidus,  Passet,  990 
Shiga's,  987 
Shiga- Kruse,  981 
solanacearium ,  908 
subtilis,  908 
tuberculosis,  Koch,  347 
typhi  murinum,  Loeffler,  591 
typhosus,  Eberth,  180,  222,  990 
Wollstein's,  989 

'^<7S9  ,     . 

Delli's  sublimate  solution,  747 
:korana  tribe,  114 
-.teriacecB,  593 
:tericide,  790 
:teriology,  9 
Ager,  269 
a;dad  boil,  1 1 1 1 
ley's  patent  latrine,  937 
lanitis,  310 
lanorchis,  352 
[antidic  dysentery,  985 
'■antidium,    Clapardde    and    Lach- 
mann,  341 
coli,  Malmsten,   10,   340-1,  925, 
928,  98s 
references,  344 
Stein,  341 
giganteum,  P.  Kratise,  343 
minimum,    Jakobi    and    Schau- 
dinn,  340 


Balantidium    minutum,     Schaudinn, 
342-3,  925,928 
references,  344 
Bael  fruit,  looi 
Baleri  in  equidje,  268 
Balla  mal,  860 

Balzer's  pseudo-xanthoma,  1160 
Bamber-green  oil,  685 
Bamboo-leaves,  juice  of,  107 
Bambusa,  107 
Bananas,  953 
Banat  fly,  543 
Banti's  disease,  1024 
Barawa,  827 
Barbadoes  leg,  827 
Barbeiro,  510,  749 
Barkoo  rot,  1072 
Barographic  curve,  33 
Barringtonia  acutangula,  Gartn.,  117 

speciosa,  L.,  99 
Barronsia,  318 
Barton's  bacillus,  882 
Basidia  fructifications,  595 
Basidiomycetes,  618 
Basidio-spore,  595 
Bassia  latifolia,  Roxb.,  106 

longifolia,  L.,  106 
Bat,  Italian,  269 
Bath,  cold,  1015 
Batrachides,  157 
Batrachus  grunniens,  Bloch.,  157,  160 

tau,  157,  160 
Battaks  of  Sumatra,  115 
Bdellolarynx  sanguinolentus ,  Austen, 

558 
Beauperthuy  treatment,  852 
Beccarmyia,  Rondani,  558 
Becho,  el  (Venezuela),  loio 
Bee,  venom  of,  144 

stings  of,  6,  140 
Beef-worm,  394 
Beetles,  150 

arrow-poison,  1 1 1 
Beinworm,  417 
Belascaris,  Leiper,  443 

mystax,  Zeder,  443,  450  ref.,  926, 
940 
Belt,  equatorial,  47 

trade-wind,  47 
Benedenia,  318 
Bengalees,  diet  of,  49 
Bengalia  depressa.  Walker,  572 
Benzine  enemata,  930 
Benzoin,  tincture  of,  1086 
Benzoyl  chloride,  853 
Berbiers,  886 
Berlin  papyrus,  4 
Beri-beri,  15,  77,  80,  83,  125,  670,  886 

acute  pernicious  form  of,  8g8 

aetiology  of,  88S 

climatology  of,  887 

74—2    ■ 
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Beri-beri,  complications  of,  poo 

definition  of,  886 

diagnosis  of,  900 

etymology  of,  886 

history  of,  886 

important  features  of,  894 

Miura's  rule,  899 

morbid  anatomy  of,  894 

pathology  of,  894 

predisposing  causes  to,  893 

prognosis  of,  901 

prophylaxis  in,  902 

reinfection  in,  900 

references,  904 

relapses  in,  900 

rudimentary  form  of,  900 

sequelae  to,  900 

symptomatology  of,  897 

synonyms  of,  886 

treatment  of,  901 

typical  form  of,  898 
Berne  (Brazil),  552 
Berrugas,  876 
Bertramia,  334 
BertramiidcB ,  334 
Bess-el-Temiir  (Arab)  ,1111 
Beta  (West  Africa),  1144 
Beta-naphthol,  936 
Bete-rouge  (Martinique),  487 
Betel,  105 
Bhang,  105 
Bharadwaja,  3 
Bible  medicine,  4 
Bibo  (Uganda),  473 
Bichuque  (S.  America),  510 
Bier's  passive  congestion  method,  1 1 26 
Bihimbo  disease,  888 
Bikh,  100 
Bilharzia,  Cobbold,  370 

disease,  1027  [vide  Urinary  Schis- 
tosomiasis) 
Bilharziosis,  81,  373,  1027 

intestinal,  1008 
Biliary  fever,  287 
dogs,  282 
Bilious  haemoglobinuric  fever,  688 

remittent  fever,  662,  688,  75S 

typhoid,  699 
Binary  fission,  209 
Binucleata,  Hartmann,  208,  210,  233, 

312  ref. 
Biological  causes  of  disease,  203 
Birds,  trypanosomes  of,  269 
Bironella,  Theobald,  532 
Bish,  100 
Bishop  ray,  164 
Biskra  boil,  mi 
Bismuth-boric  ointment,  1072 
Bitis  arietans,  Merr.,  173,  178,  913 
bite  of,  189 

nasicorniSg  387,  493 


Bites  of  animals,  6 
Black  death,  778 

pigmentation  of  nails,  1145 
pitted  tick  (S.  A.),  479 
Black  fever,  71  2 
Blackwater  fever,  15,  82,  289,  688 
aetiology  of,  689 
attack  of,  694 
Billet's  mixture  for,  696 
calcium  chloride  in,  696 
climate,  697 
climatology  of,  689 
complications  of,  695 
definition  of,  688 
diagnosis  of,  695 
diet  for,  697 
history  of,  688 
malarial  theory  of,  689 
morbid  anatomy  of,  693 
mortality  in,  695 
pathology  of,  692 
prodromata  of,  694 
prognosis  of,  695 
prophylaxis  in,  697 
predisposing  causes  to,  692 
quinine  theory,  690 
references,  697 
sequelae  to,  695 
symptomatology  of,  694 
synonyms  of,  688 
treatment  of,  695 
varieties  of,  695 
Blastomycetic  dermatitis,  1093 
Blastomycosis,  602,  1093 
aetiology  of,  1093 
diagnosis  of,  1095 
histopathology  of,  1094 
history  of,  1093 
prognosis  of,  1095 
symptomatology  of,  1094 
synonyms  of,  1093 
treatment  of,  1095 
Blastulidium,  334 
Blatta  orientalis,  215 
Blepharoblast,  248 
B  ondes,  temperature  of,  63 
Blood,  condition  of,  57 
Bloody  flux,  974 
Blow-fly,  553,  566 
Bluebottle  fly,  569 
Blue  disease,  712 
Blue  tick  (S.  A.),  480 
Boa-constrictor,  328 
Bodo,  Stein,  227 

gryllotalpcB,  Grassi,  228 
helicis,  Leidy,  226 
iuli,  Leidy,  226 
lacertte,  Grassi,  228 
uHnarius,  Hassal,  228 
Body  temperature,  effect  of  heat  on,  5  7 
Boils,  eastern,  1 1 1 1  (vide  Oriental  Sore) 
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ils,  1 1 53 

mbus  hortorum,  144 

lapidarius,  14^ 
mbycidcs,  147 
nt,  tick,  486 
ophilns,  Curtice,  479 

bovis,  Curtice,  480 
rborus  equinus,  566 
ric  fomentations  in  snake-bite,  196 
s  bubalis,  354 

indicus,  337,  354,  395,  951 

taurus,  325,  951 
ihnocephalus,  Rudolphi,  378,  384 

balticus,  Kiichenmeister,  384 

cordatus,  R.  Leuckart,  385 

cristatus,  Davaine,  384 

latissimus,  Bugn.,  384 

latus,  Bremser,  384 

Hguloides,  R.  Leuckart,  386 

tropicus,  Schmidtmiiller,  394 

(?)  Ijima  and  Karimoto,  385 
tone  d'Oriente,  mi 
frytis  bassiana,  9,  618 
ttle  bacillus  of  Malassez,  625 
ubas,  856 
uton  d'Alep,  280 

d'Orient,  1 1 1 1 

des  Andes,  876 
1;  boops,  273 
ichycera,  514,  54; 
ichyaspis  curta,  Schleg.,  178 

serum  for,  193 
ichwasserwurm,  417 
ihma,  2 

ihmans  and  medicine,  3 
lin,  abscess  of,  620 
mchiobdellida,  456 
lulidcB,  574 
lumia  jassylensis,  388 
izil's    pure    Crotalus    horridus    1j. 
erum,  194 
iakbone  fever,  752 
lakheart  fever,  752 
iam,  273 

last,  elephantiasis  of,  833 
:eze-flies,  546 
'ht's  disease,  ^9 
tish  Guiana,  disease  in,  79 
den  and  Rodhain's  method,  74; 
ken-wing  fever,  752 
matoxismus,  120 
mides  in  heat-stroke,  94 
midrosis,  1159 
mine  in  snake-bite,  198 
nchial  spirochsetosis,  921 
aetiology  of,  921 
climatology  of;  921 
definition  of,  921 
diagnosis  of,  922 
history  of,  921 
prognosis  of,  922 


Bronchial    spirochaetosis,    symptoms 
of,  921 
treatment  of,  922 
references,  923 
Bronchitis,  76,  79,  43 1 
Broncho-pneumonia,  431 
Brown  tick  (S.  A.),  476 
Bruce-Naharro's  method,  744 
Bruce's  septicaemia,  770 
Brucia  antidysenterica,  984 

sumatrana,  984 
Brulot  (fly),  542 
Brush-buck,  259 
Bubas,  855 
Bubo,  4,  5 

climatic,  1039 
parotid,  998 
Bucnemia  tropica,  827 
Bud-fission,  224 
Buena  (Burma),  855 
Bufo  reticulatus,  271 

vulgaris,  L.,  229,  230,  311 
Bufonin,  164 
Bufotalin,  164 
Bug,  14,  143 

bed-,  13,  506 

Indian,  507 
black,  of  Pampas,  5 10 
masked,  509 
Malay,  510 
of  Utah,  5 10 
.    wheel,  509 
Bulbar  pernicious  fever,  66i'i 
Bullous  eruptions,  1 1 5  6 
Bumble-bee,  144 
Bunches  (Cornwall),  931 
Bungarus,  167 

candidus,  L.,  170,  181 
bite  of,  188 
serum  for,  193-4 
M.L.D.,  185 
cevlonicus,  Gthr,  170. 
bite  of,  188 
ii4munity  from,  192 
fasciatus,  Schn.,  181,  188 
immunity  from,  193-4 
M.L.D.,  185 
Burghers,  75 

Bursarmidce ,  Biitschli,  341 
Bursa  copulatrix,  429 
Bushmen,  S.A.,  115 
Buthus  afer,  Leach,  133,  135 
maurus,  133 
occitanus,  132-3-4-6 
quinquestriatus ,       Hemps       and 
Ehrenberg,  133-4-5-6 
Buttneria  cordata,  884 
Button  scurvy  (Ireland),  856 

Cachexie  africaine,  931 
Cadicera,  Macquart,  548 
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Cadicera    chrysostigma,    Wiedemann, 

549 
melanopyga,  Wiedemann,  ^49 
Calabar  bean,  W.  A.,  no 
swellings,  424,  1046 
eetiology  of,  1047 
climatology  of,  1046 
definition  of,  1046 
diagnosis  of,  1047 
history  of,  1046 
prognosis  of,  1047 
prophylaxis  for,  1047 
symptomatology  of,  1047 
synonyms  of,  1046 
treatment  of,  1047 
Ccelopeltis  monspessulana,  Herm.,  169 
Calcutta,  diurnal  variation  pressure,  3  3 
Caligus  cuHus,  494 
CallionymidiB,  157 
Callionymus,  162 

lyra,  L.,  157-8 
Calliphora  anthropophaga,  Conil,  569 
erythrocephala,  Meigen,  569,  566 
infesta,  Philippi,  569 
macellaria,  Jorge,  569 
CalliphorineB,  Brauer,  569 
Calomel,  122 

in  heat-stroke,  94 
Calmette's  serum,  196 
Caloiropis  procera,  R.   Br.,  99,   104, 
io6,  107,  no 
gigantea,  R.  Br.,  106 
Cammidge's  reaction,  948 
Camphor,  loi 

in  heat-stroke,  96 
Cannabis  sativa,  L.,  99,  105,  107 
Canal  zone  of  Central  America,  72 
Cancer,  77-8-9,  80,  924 

tropic  of,  18 
Canine  babesiasis,  282 
Canis  familiaris,  320,  323 

fulvus,  Lewis,  363 
Canities,  1164 
Cantlie's  treatment,  954  i 
Canula,  Roger's,  968 
Capoeta  fratercula,  920 
Capricorn,  tropic  of,  18 
Capsicum  annum,  L.,  108 
Capsicums,  108 
Capybara,  262 
Caraate,  1097 
Caratejo  (Columbia),  1098 
Carawalla  (snake),  170 
Carceag,  13 
Cardinal's  bark,  7 
Caribi  (British  Guiana),  loio 
Carica  papaya, 'L.  (seeds),  106 
Carios  vespertilionis ,  Latreille,  471 
Caris,  Latreille,  469,  471 
Carois,  Latreille,  469 
Carrion's  fever,  876 


Carpoascees,  599,  613 

Carrot  (seeds),  106 

Carter's  fever,  71 1 

Cascado  (Moluc  Island),  1083 

Cashew  nuts,  852 

Cassava,  108  ' 

Cassia  beareana,  Holmes,  697 

Caste,  effect  on  medicine,  3 

Castellani's  absorption  test,  966,  989 
method,  trypanosome,  744 
vaccine,  dysentery,  1004 

Castellani-Low  symptom,  744 

Castor-oil  plant,  107 

Castor-oil  tick,  484 

Cataracts,  worms  in,  426 

Caterpillars,  147 

Cat-flea,  388 

Cativi,  1097 

Cat-louse,  388 

Catoblepas  gnu,  259 

Cattle-poisoning,  1 10 

Caul,  superstition  of,  2 

Causes  of  disease,  biological,  203 
physical,  85 

Caustics  in  snake-bite,  198 

Cellia,  Theobald,  532,  536 

albimana,  Wiedemann,  531,  536, 

818 
argyrotarsis,lS.ohinea\i-l}esvoidy, 

526,  531,  536 
bigotii,  Theobald,  536 
kochii,  Donitz,  536 
pharoensis,  Theobald,  536 
puUherrima,  Theobald;  536 
squamose,  Theobald,  536 

Celastrus    paniculatus     (seeds),    W., 
107 

Cellulitis  of  the  spermatic  cord,  1034 

Centipede,  316 
venom,  143 

Centrosome,  248 

Cephalina,  Delage,  316 

Cephalomyia  ovis,  L.,  551 

Cepvus  elephas,  L.,  286 

Cerastes,  167 
1     cornuius,  Forsk,  173,  175 
^    immunity  from,  192 

Ceratolophus,  Kieffer,  542 

Ceratomyxia,  329 

Ceratomyxid(S,  Thelohan,  329 

Ceratophyllus,  Curtis,  577,  584 
a6a«iis,Roth.,  586 
agilis,  Roth.,  586 
californicus,  Baker,  586 
consimilis,  Wagner,  586-7 
fasciatus,  Bosc,  2i;7,  586-7,  590, 

783 
gallinis,  Sch.,  586 
lagomys,  Wagner,  586-7 
londinensis,  Roth.,  586-7 
lucifer.  Roth.,  586 
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%tophyllus  mustelts,  Wagner,  586-7 

penicilhger,  Grube,  586-7 

pinnalus,  W.,  586 

polUonis,  Roth.,  586 

walkeri,  Roth.,  586-7 
atopogon,  Meigen,  315,  541 
atotixodes,  Neumann,  486 

putus,  486 
bera  lactaria,  Hamilt.,  99 

odallum,  Gartn.,  99,  loi,  104 

thevetia,  L.,  99,  loi,  106,  no 
caries,  359 

Mmonas,  Dujardin  and  Biitschli, 
227 

anatis,  Davaine,  227 

canis,  Gruby  and  Delafond,  227 

gallinarum,  Davaine,  227 

hominis,  Davaine,  221,  227,  925, 
928,985 

intestinalis,  Lambl,  229,  230 

perryi,  Castellani,  227 
cocystis,  380 
comonata,  220 
copithecus,  287 
ebellar  pernicious  fever,  666 
ebral  haemorrhage,  1059 

tumours,  1059 
ebro-spinal  fever,  93 

meningitis,  802 

symptoms,  in,  pernicious  fever, 
664 
idin,  1 1 54 
vus  aris  totelis,  288 

dama,  L.,  287 
aris-Demel  method,  10 18 
toda,  378 

senst  serictA,  Monticelli,  381 
tpdaria,  378 
code  parasites,  928 

in  man,  381 
',odes  dig&nises,  van  Beneden,  381 

polyzoa,  Lang,  381 
'■oidea,  Rudolphi,  378 
)Mja,  446 
Ion  ansemia,  93 1 

disease  in,  y6 

map  of,  rainfall,  3 1 

poisonous  plants  of,  100 

sore  mouth,  944 

superstitions,  i 

Tamil  invasion  of,  3 
brie's  albumon,  182 
Hechelyne  vesuviana,   Newport, 
)S,  926 

ttopelina  oUvacecB,  138,  140 
gasia,  Cruz,  532 
illetiacetB,  109 

illetia  toxicaria,  Don.,  109,  118 
ncre  du  Sahara,  mi 
ndeliers  faviques,  611 
ras,  105 


Charcot-Leyden    crystals,    933,    980, 

1016 
Charms,  2 

Chaulmoogra  oil,  852 
Cheiranihus,  Diesing,  406 

siamense,  406 
Cheiropompholyx,  1141 
Chelicera,  133,  138 
Chelitis  exfoliativa,  11 65 
Cheloid,  11 60 

Chemical  heat  regulation,  50 
ChenopodiacecB,  127 
Cheyletides,  488 

Cheyletus  mericourti,  Laboulbene,  488 
Chick-peas,  123 
Chicken-pox,  337,  802 
Chicken-tick  (U.S.A.),  470 
■Chigoe,  582 
Child-birth,  78 

superstitions  of,  2 
ChiliferideB,  Biitschli,  341 
Chills,  51 
Chihdon,  Ehrenberg,  340 

dentaius.  Dujardin,  340^  344  ref., 
925,  928 

uncinatus,  928,  Blochmann,  340, 
925 
Chilognatka,  456 
Chilopoda,  142,  152  ref.,  494,  920 
Chilopodiasis,  941 
Chimpanzee,  297,  761 
Chinch  (S.  Amer.),  475,  506 
China,  disease  in,  82 
Chinese  medicine,  2 
Chionyphe  carteri,  105 1 
Chiorchis,  352 

Chiracanthum  nutrix,  Walck,  1 37 
ChironomidcB ,  540,  544  ref. 
Chironomii,  Zelt,  540 
ChironomintB ,  Roud,  540 
Chironomus  plumosus ,  277 
Chlamydophrys   enchelis, '  Ehrenberg, 
224,  232  ref. 

stercorea,  Cienkowsky,  224 
ChlamydodontidcB,  Stein,  340 
Chlamydospores,  595 
Chlamydotomus  beigelii,  Trevisan,  623 
Chlamydozoa,  337 
Chloasma,  1164 

bronzinum,  1145,  11 50  ref. 

caloricum,  11 64 

gala-azar  11 64 

malaricum,  11 64 

solare,  11 64 

toxicum,  1 164 

traumaticum,  1 1 64 

uterinum,  1164 
Chloroform  in  heat-stroke,  94 
Chloromyxidce ,  Thelohan,  329 
Chlorops  leprcB,  839 
Chlorosis,  1024 
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ChoaHoflagellata,  226 
Cholera,  6,  10,  80,  81,  958 
Cholera,  aetiology  of,  960 
Asiatic,  958 
complications  of,  965 
definition  of,  958 
diagnosis  of,  g60 
epidemiology  of,  958 
history  of,  958 
inoculation  for,  970 
morbid  anatomy  of,  963 
pathology  of,  962 
prognosis  of,  967 
prophylaxis  for,  969 
references,  972 
sequelae  to,  966 
symptomatology  of,  964 
synonyms  of,  958 
treatment  of,  967 
varieties  of,  965 
Cholerine,  965 
Chorea  saltatoria,  140 
Choleraic  pernicious  fever,  666 
Christy  a,  Theobald,  532 
Crithoptes  monunguiculosus ,  489 
Chromatolysis,  91 
Chromatopsia,  92 
Chromidrosis,  11 59 
Chromomonadidea,-  226 
Chronic  malaria,  667 

skin  irritation,  68 
Chrozophora  plicata,  A.  Jacs.,  100 
Chrysarobtn,  1078 

Chrysomyia,  Robineau-Desvoidy,569, 
576  ref. 
macellaria,  Fabricius,  569,  920 
Chrysops,  Meigen,  548 

dimidiatus,  Wulp,  424,  548 
dispar,  Fabricius,  548 
distinctipennis ,  Austen,  548 
Ckthonobdella,  Grube,  455 
Chunam,  105 
Cicadas,  504 
Ciliar  dysenteries,  984 
Ciliata,  Ehrenberg,  213,  338 
Ciliophora,  Dofiein,  213 
Cimex,  Linnaeus,  505 

columbarius ,  Jenyns,  506 
hirundinus,  Jenyns,  506 
inodorus,  506 

lectularius,  L. ,  and  Merrett,  30 ; , 

413,  506,  700,  803,  837,  839  ' 

macfocephalus,  Fieber,  278.  320, 

507 
pipistrelli,  Jenyns,  506 
roiundatus,  Signoret,  278,  507 
Cimicidis,  143,  505 
Cimcenomonas  honnnis,  Grassi,  229 
Cinchona  bark,  2 

discovery  of,  7 
ofjicinnlis^  8 


Cinchonism,  666 
Cinnamon  bark,  109 
Cinnamomum  zeylanicum,  Nees,  109 
Circinate    creeping    disease,       1108, 
1 1 10  ref. 
dysidriform  trichophytosis,  608 
Circulation,  atmos.  temp,  and,  56 
in  snake-bite,  197 
of  atmosphere,  36 
Circulatory  organs,  diseases  of,  1024 

parasites  of,  1025 
Circumcision,  1032 
Circumscribed  elephantiasis,  834 

scleroderma,  1090 
Cirrhosis  liver,  670,  1012 
Cistudo,  326 
Cit^llus  macrourus,  588 
Citrine  ointment,  1 104 
Citronella  oil,  748 
Cladocoslium  hepaticum,  Stoss,  355 
Cladorchince ,  Fischoeder,  352 
Cladorchis,  Fischoeder,  352-3 

watsoni,  Conyngham,  352-3,  376 
ref.,  925,  928 
Cladothrix  actinomyces,  Mace,  619 

asteroides,  Eppinger,  620 
Clayton  apparatus,  591,  790 
Cleisthanthus  coUina,  Benth.,  99,  loi. 
Clemmys  leprosa,  Schweigg,  327 
Cleopatra's  asp,  170 
CUanthus  puniceus,  J147 
Climacteric,  66 

Climate,psycho-physical  aspects  of  ,47 
Climates,  mountein,  47 

tropical,  18 
Climatic  bubo,  1039 
aetiology  of,  1040 
climatology  of,  1039 
definition  of,  1039 
diagnosis  of,  1041 
history  of,  1039 
pathology  of,  1040 
prognosis  of,  1042 
references,  1043 
symptomatology  of,  1040 
treatment  of,  1042 
varieties  of,  1041 
Climatic  factors,  21 
Climatology,  tropical,  18 
Clonorchiosis,  1022 
Clonorchis,  I^ooss,  354,  364,  377  ref. 
endemicus,  Baelz,  352,  364,  1022 
feline  (?),  365 

sinensis,  Cobbold,  352,  364,  1022 
Clothing,  51 

in  tropics,  70,  72 
Clouded  sky  tables,  27 
Clupea,  Cuvier,  120 
lonpceps,  121 
thnssa,  Osbeck,  120 
Cnemidospora,  316 
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loblasts,  129 

5t  fever,  S.A.,  478-9,  631 

memory,  71 

b's  formula,  409 

'iis  barbatula,  273 

ra  venom,  185 

immunity  from,  192 
M.L.D.,  185 

lin,  los,  954 

in  scorpion  bite,  137 

idia,  336 

■idiidcB,  316 

idioides  immitis,  Rixford  and  Gil- 
christ, 336 

pyogenes,  Rixford  and  Gilchrist, 
336 

idium,  Leuckart,  318,  759 

Schubergi,  Schaudinn,  316 

hominis,  Rivolta,  319 

lacazei,  318 

ovi forme,  Leuckart,  318 

perforans ,  Leuckart,  318-9 

posades,  Caxton  (?),  336 

vlus  amazonum.  Mart,  ii6 

indious,  no 

toxiferus,  Mart,  116 

MS  cacti,  504 

lin  leg,  815,  827 

sore,  1 1 18 

£'s  operation,  1030 

f  roach,  508 

5  (Fiji),  855 

'.nterata,  128,  151  ref. 

jsporidiidcs,  334 

ozoic,  315 

ogonimus  heterophes,  Looss,  368 

fibre,  938 

optem,    150,    153    ref.,    590,    592 

f.    ■ 

tis  polyposa,  994 

Ection  of  insects,  500 

10  di  sole,  88 

mbo,  diurnal  barographic  curve 
at,  33 

height  of,  32 

diurnal  variations  in,  26 

pressure  tables  in,  34-5 

rainfall  in,  28,  31 

temperature  tables  in,  22 

rado  (Cuba),  487 

oda,  Miiller,  341 

cucullus,  Guiart,  828,  925 

ber  corais,  Schutz,  340-1 
Holb.,  328 

bra,  166 

bridge,  168 

brine  venom,  186 

type  of,  168 

brincB,  169 

mba  livia,  L.,  241 

a,  alcoholic,  93 


Coma,  renal,  93 
Comatose  pernicious  fever,  664 
Combretum  grandiflorum,  115 
Comedos,  1158 
Commensalism,  347 
Comstock  silver  mines,  87 
Cone-nose,  509 
Congenital  achromia,  1144 

leukasmus,  11 44 

leucoderma,  1144 

leukopathia,  11 44 

malaria,  669 
Congestine,  130 
Congestion  of  the  liver,  10 13 
Congo  floor  maggot,  571 
Conidia,  594 

Conipalpi,  Cauestrini,  477 
Conjunction  of  planets,  i 
Conjunctivitis,  572 
Connective  tissues,  diseases  of,  1 044 

tumours  of,  1160 
Conorhinus,  267,  504,  719 

nigrovarius,  510 

protractus,  510 

renggeri,  Herrich-Schafer,  510 

rubrofasciolatus,  de  Geer,  510 

sanguisuga,  Lee,  509 
Contagion,  theory  of,  7 
Contagiiim  vivum,  9 
Convulsions,  79,  80 

infantile,  yy 

puerperal,  78 
Cook's  tree  boa,  386 
Coolie  itch,  346 
Copper  (abortion),  107 

salts,  98 

sulphate,  1 10 
Copperhead  snake,  173 
Copromonas  subtilis,  Dobell,  225 
Corallus  cookii,  386 
Coral  snake,  171 
Corals,  129 
Corditis,  1035 
Cordylobia  anthropophaga,  Griinberg, 

569,  572,  1 108,  1 109 
Cordylobiasis,  1 109 
Coregonus  albula,  385 

lavaretus,  385 
Corella  austriaca,  169 
Coretha,  540 
CorethridcB,  Eysell,  540 
Coriaria  myrti folia,  L.,  106 

rusci folia,  L.,  106 
Coriscus  subcoleoptratus ,  Kirby,  510 
CormoUote  (British  Guiana),  552 
Corn  cockle,  124 
Cornu  cutaneum,  1161 
Corvus  corax,  246 
Coryza  spasmodica,  9 1 5 
Cos,  5 
Cosmopolitan  diseases,  15 
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Cosmopolitan  fevers,  793,  800 

skin  diseases,  1 1 5  2 
Cotopsylla,  585 
Cottidcs,  156 
Cottus,  161 

globio,  158,  273 

bubalis,  158 

scorpius,  156,  162 
Cotylogonimus  heterophes,  Braun,  368 
Coup  de  chaleur,  88 

de  soliel,  88 
Craw-craw,  404,  11 32 
Creeping  disease,  circinate,  1108 

eruption,  1 107 
Cricetus  cricetus,  L.,  268 
Cripples,  institutions  for,  3 
Cnthidia,  Leger,  275 

campanulata,  L6ger,  277 

fasciculata,  Leger,  277 

gerridis,  Patton,  275-6 

melophagia,  Flu,  251-2-4,  277 

minuta,  Leger,  277 

tabani,  Patton,  548 

pulicis,  320 
Crocodilus  cataphoractes ,  Cuv.,  326 
Crombie's  molar  ulcer,  947 
CrotalincB,  172 
Crotalus  cerastes,  Hallow,  1 72 

confluentus,  Say,  172,  175,  327 

durissus,  L.,  172,  175,  176 
serum  for,  193-4 

horridus,  L.,  172,  178 
bite  of,  190 

scutatus,  Kenn,  172 
Croton  tiglium,  L.,  100 
Crustacea,  Lamarck,  494 
Cryptocerata,  505 
Cryptococcus,  Kiitzing,  603 

degenerans,  Roncali,  603 

gUchristi,  Vuillemin,  603 

hominis,  Vuillemin,  603 

Unguis  pilosis,  Lucet,  603 

plummeri,  Costantin,  603 
Cryptocystes ,  Gurley,  329,  330 
Cryptocystis  trichodectis ,  Villot,  389 
CryptomonadincB ,  223 
Cryptostigmata,  459 
Crystallospora,  Labbe,  31S 
Ctenocephalus  canis,  Curtis,  388,  586, 

587 

felis,  Bouche,  388,  586,  587 

musculi,  Dug^s,  587 

serraticeps,  Taschenburg,  587 
Ctenodactylus  gondii,  281,  288 
Ctenomyces  serratus,  604 
Ctenophthalamus  agyrtes,  257 
Ctenopsylla,  585 

aganiffies,  Roth.,  586 

ellobius.  Roth.,  586 

musculi,  Dugds,  586,  587 

pectuniceps,  W.,  586 


Ctenopsylla  selenis.  Roth.,  586 

spectabilis.  Roth.,  586 

taschenburgi,  W.,  586 
CuBumis  trigonus,  Roxb.,  107 
Culex,  Linnaeus,  14,  415,  538 

astuans,  Wiedemann,  538 

agilis.  Bigot,  538 

albopictus,  413 

alpinus,  L.,  538 

annulirostris ,  413 

calopus,  Meigen,  537 

ciliaris,  L.,  538 

communis,  De  Geer,  538 

f rater,  Desvoidy,  537 

fatigans,    Wiedemann,    14,    277, 

297,  413,  425,  538,  7.';2-3.  818 

hispidosus,  413 

phytophagus,  Ficalbi,  538 

pallipes,  Meigen,  538 

microannulatus,  413 

nemorosus,  297 

nigrithorax,  413 

notoscriptus ,  413 

pipiens,  L.,  235,  244,  271,  275, 
301,  310,  515,  538 

pungens,  Wiedemann,  538,  837-9 

procax,  413 

rufus,  Meigen,  538 

tceniatus,  413 

vigilax,  413 

vulgaris,  L.,  538 
Culicidtg,  148,  153  ref.,  515,  543  ref. 

Theobaild's  classification,  530 
Culicince,  Theobald,  536 

and  anophelints,  differences,  527 
CuUcites,  Newman,  540 
Culicoides,  LatreiUe,  542 
Cultripalpi,  Canestrini,  477 
Culture  medium,  Sabouraud's,  1 100 
Cuprein,  679 
Curaxi,  116 
Curcurbitacea ,  107 
Curdled  milk,  954 
Cuvierian  organs,  131 
Curin,  117 
Currents,  20 

Cuscuta  reflexa,  Roxb.,  107 
Cutaneous  myiasis,  1108 
Cuterebra  noxialis,  Gondot,  551 
Cyanea  capillata,  130 
Cyanophyceis,  593 
Cyclasterella     scarlatinalis ,     Mallory, 

336 
Cycle  of  Golgi,  291 
Cycloppteron,  Theobald,  521,  532 
Cyclorrhapha,  514,  550 
Cyclophyllidts,  van  Beneden,  381,  388 
Cyclops,  417 

Cyclospora,  A.  Schneider,  318 
Cyclopterus  lumpus,  273 
Cyllin  and  petrol,  790 
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wephalus  maimon,  493 
ymol^us  philippinensis,  860 
?myia,  Robineau  and  Desvoidy, 
554 

mortuorum,  L.,  554 
orhiBsted,  Marx,  460 
orhosstes,  Hermann,  484 
rini-siluri formes ,  156 
rinus  carpio,  272 
rus  fever,  770 
ticercoid,  380 
ticercosis,  1044 
ticercus,  380 

acanthotrias ,  Weinland,  382,  393 

hovis,  394 

cellulose,  382,  393 

fasciolanus,  380 

cadjan,  122 

tomonas  urinarius,  Blanchard,  228 
zmoeba,  Danilewski,  289 
oleichus  sarcoptoides,  Heguin,  489 
olysins,  176 
opyge,  338 

oryctes  variolts,  Guarnieri,  334 
ospermium  villorum  intesHnahum 
znis  et  felis,  Rivolja.,  318 
osporon  malarice  avium,  Danilew- 
ki,  297 

osporon,  Wasilewski,  289 
:ostome,  225,  338 

•tylophoridts,  316 
iane,  732 
■fil,  815,  827 
iaksch,  dart  poison,  115 
.  kesari,  123 
oordh,  123 
mbul  fever  (Ceylon)  ,631 
tn  din  (fly),  543 
nonia  reevesii,  327 
acing  mania,  1063 
liel's  post-haemoglobinuric  fever, 

94 

aysz  bacillus,  591 
rnel,  124 

rt-poison,  Brandwood's,  115 
^ypeltints,  169 
>ypeltis  scabra,  169 
lyphora  pratorum,  275 
'ura  fastuosa,  L.,  99,  100,  107,  108 
a-ool-fil,  815,  827 
licus  carota,  L.  (seeds),  106 
vainea,  R.  Blanchard,  391 
asiatica,  von  Linstow,  382,  384, 

392,925  .     ^        . 

madagascanensis,  Davaine,  382, 

391,925 
ith  adder,  170 

fish  of  Hawaii,  121 
bility,  76,  79,  82 
:omposition,  post-mortem,  122 


Delhi  boil,  mi 

sore,  280 
Delirious  pernicious  fever,  665 
Demodex  bovis,  Stiles,  490 
foUiculorum,  Owen,  490 

Simon,  490 
phylloides.  Cook,  490 
Demodicidee ,  459,  490 
Denderah,  temple  of,  4 
Dendrocalamus  sirictus,  Nees,  102 
Dengue,  14,  15,  538,  752 

aetiology  of,  754 

climatology  of,  753 

complications  of,  756 

definition  of,  752 

diagnosis  of,  756 

history  of,  752 

morbid  anatomy  of,  754 

pathology  of,  754 

prognosis  of,  756 

prophylaxis  for,  757 

references,  757 

sequelas  to,  756 

symptomatology  of,  754 

synonyms  of,  752 

treatment  of,  756 
Dentomerite,  315 
Dermacentor ,  Koch,  481 

albicoUis,  Koch,  481 

electus,  Koch, 

ferrugineus,  Koch,  481 

occidentalis,    Marx,    288,    467-8, 
481,  722 

pordalinus  Koch,  481 

reticulatus,  Fabr.,  284,  288,  467, 
481 
Dermanyssidee,  459 
Dermanyssinm ,  460 
Dermanyssus,  Duges,  320,  460 

avium,  DugSs,  460 

gallincs,  De  Geer,  460 

hirudinis,  Hermann,  460 
Dermatitis  blastomycotica,  1093 

bullosa  plantaris,  1072,  1073  ref. 

chronic  ulcerative,  603 

exfoliativa,  11 58 

from  Rhus,  118 

herpetiformis,  11 57 

nodosa  rubra,  1133,  11 38  ref. 

rimosa  of  the  toes,  1071,  1073  ref. 

venenata,  1 1 5  5 
Dermatobia,  Brauer,  551,  575  ref. 

cyaniventris,  M.a.cqaa.rt,  551,  1108 

kenicB,  Kolb,  553,  1108 

noxialis,  Brauer,  551 
Dermatobiasis,  1109 
Dermatol  powder,  1079 
Dermatomycosis,  594 

tropical,  1074 

chronica     figurata     exfoliativa, 
Thomson,  1083 
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Derma  tophiliasis,  1109 
Dermatophilus,  Guerin,  581 

ciscata,  Enderlein,  581,  587 

penetrans,  L.   and  Gu6rin,   581, 
586,737,744,  1 108-9 
Dermatose  parasitaire,  11 32 
Dermite  ulcfireuse  circonscrite,  Corre, 

iiii 
Derrid,  118 

Dems  elliptica,  Benth.,  115,  117 
Derris  root,  1 1 8 

uliginosa,  Benth.,  117 
Desert  hallucinations,  1067 
Devil -dancing,  2 
Dhobie  itch  6io,  1075 
Dhome  (India),  127 
Diabetes,  3,  jy 
Diagnosis  of  ancients,  3 
Diamphidta  simplex ,  Paringuey,  112 
Dianella  nemorosa,  L.,  118 
Diaphoretic  pernicious  fever,  663 
Diarrhoea,  76-8-9,  81-2,  928 

alba,  744 

choleraic,  965 

dysenteric,  362,  997 

epidemic  infantile,  997 

flagdUate,  985 

hill,  955 

puerperal,  1038 
Diathermanous,  21 
Dibothriocephalida ,  383-4 
Dibothriocephalus,  Liihe,  384 

cordatus,  R.  Leuckart,  382,  384, 
398  ref.,  925 

latus,  Linnaeus,  131,  346,  382-4, 

925 

parvus,  Stephens,  382-4,  925 
DibothriocephalincB ,  384 
Dibothrium  mansoni,  Ariola,  386 

latus,  Diesing,  384 
Dibothrius,  Rudolphi,  384 
Dickapetalacees,  118 
Dicroccelium ,  Dujardin,  354,  369 

lanceatum,  Stiles  and  Hassel,  352, 
3^9,  Z77  ref.,  1012 

lanceolatum,  Dujardin,  369 
Dictophyme  renalis,  449  ref. 
DidymophyidtB ,  316 
Dienycleitus  viridescsns ,  271 
Diet  of  Anglo-Indian,  49 

of  Bengalee,  49 

of  Eurasian,  49 
Dietetics,  ancient,  3 
Differential    characters    of    malarial 

parasites,  300 
Dtgenea,  van  Beneden,  351 

Leuckart,  351 
Digestion,     effects     of    atmospheric 

temperature  on,  54 
Digitalin,  in  heat-stroke,  94 
Dilution  method,  788 


Dimorphus  muris,  Grassi,  230 
Diospyros  montana,  Roxb.,  100 
Diplacanthus,  Weinland,  389 

nanus,  Weinland,  390 
Diplogonoporus,  Lounberg,  385 

grandis,  R.  Blanchard,  385,  398 
ref.,  925 
Diplopoda,  Rav  Lankester,  456,  495 

ref. 
Diplopodiasis ,  941 
Diphtheria,  802 
Diphtheroid  lulcers,  1126 
Diphyllidea,  Carus,  381 
Diplospora,  Labbe,  318 
DipsadomorphiniB,  169      ..  tf 
Diptera,  148,  512  Vf^ 

Dipylidium caninum, L., 5%,  399  ref., 

577,  925 

cucumerinum,  Leuckart,  388 
Dipylidiincs,  Stiles,  388 
Dioctophyme ,  Goeze,  429 

renalis,  429 
Dioctophymincs ,  Raillet,  429 
Dioscorea  hirsuta,  Bl.,  115 
Discomyces,  Rivolta,  619 

albus,  620  , 

asteroides,  Eppinger,  620 

bovis,  Harz,  619,  620 

Rivolta  and  R.  Blanchard, 
1052 

forsteri,  Cohn,  620 

freeri,  Musgrave  and  Clegg,  620, 
1052 

israeli,  620 

luteo-roseus ,  620 

madurcB,  Vincent,  620,  105 1-2 

minutissimus,  P.  Verdun,  624 

rosenbachi ,  Kruse,  620 

sulphureus,  620 
Discovery  of  Cinchona-bark,  7 
Disease,  biological  causes  of,  203 

from  Ught,  71 

physical  causes  of,  85 
Diseases,  cosmopolitan,  15 

unknown,  15 
Dispn^e  tropicale,  9 1 5 
Disporea,  Doflein,  329 
DisporocystidtB ,  Leger,  318 
Dissenterica  Bacterica,  986 
Distera  semperi,  Garm.,  172 
Distoma  capense,  Harley,  370 

cerebrate,  Yamagiwa,  366 

conjunctum,  Lewis  and  Cunning- 
ham, 363 

conus,  Guret,  363 

hesmatobia,  BUharz,  370 

hepaticum,  Miura,  366 

hepatis  endemicum  sive  pernici- 
osum,  Baelz,  364 

japonicum,  R.  Blanchard,  364 

pulmonale ,  Baelz,  366 
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oma  pulmonale,  Suga,  366 

nngeri,  Cobbold,  366  " 

sinense,  Cobbold,  364 

spathulatum,  Leuckart,  364,  365 

westermam,  Kerbert,  366 
omea,  I-euckart,  351 
omum  buski,  Lankester,  361 

cavics,  Sons.,  355 

crassum,  Busk,  361 

hepatis  innocuum,  Baelz,  364,  365 

hepaticum,  Retz,  355 

heterophyes,  V.  Siebold,  368 

lanceolatum,  V.  Siebold,  363 
Mehlis,  369 

oculi  humani,  Ammon.,  355,  361 

rathousi,  Poirier,  361 

sibiricum,  Winogr,  363 

tenuicolle,  Muhl,  363 
Wa  cyanocincta,  Dand.,  189 
:hmiasis,  931 
hmius,  Dujardin,  78,  432 

anchylostomum,  Molin,  432 

duodenalis,  R.  Leuckart,  432,  438 
in9a  de  sonno,  732 
[-flea,  388 
;-louse,  388 
[-tick,  common,  479 

European,  485 

S.A.,  483 
drums,  37 

ichandrone  falcata.  Seem,  117 
ichopodidcB,  5i;o 
ichos  filosa,  Klein,  122-3 
ichus  caijani,  Linne,  122 
iocystidcB,  316 

laldson's  separator  latrine,  939 
■mouse,  269 
ible  continued  fever,  798,  807  ref. 

quartan  fever,  636 

subtertian  fever,  661 

tertian  fever,  659 
irine,  12,  254,  262 
is-el-kourmati  (Turk) 
.coi)tiasis,  417-8,  1045,  1057  ref. 

climatology  of,  1045 

definition  of,  1045 

diagnosis  of,  1045 

prognosis  of,  1045 

prophylaxis  of,  1046 

symptomatology  of,  1045 

synonyms  of,  1045 

treatment  of,  1045 
cunculosis,  1045 
cunculus,  5 

loa,  Cobbold,  421 

medinensis ,  4,  407 

oculi,  Diesing,  42 1 

persarum,  Hamper,  417 
gbneau,  417 
panidium,  319 

mnarum,  Lankester,  328 


Drepanidotcenia,  Railliet,  391 

lanceolata,  Blochmann,  382,  391, 
399  ref. 
Dressler's  case  (eimeriasis),  319 
Dromedary  disease,  Algeria,  547 
Dropsy,  77,  80 

epidemic,  886,  902 
Drosophila  ampelophila,  566 
Dryophis  prasinus,  Russl,  169 
Duba  (Arabic),  958 
Dubi  (Gold  Coast),  855 
Ducks,  poisoning  of,  124 
Dufour,  gland  of,  144 
Dumas  (Ceylon),  866 
Dum-dum  fever,  12,  278 
Dunbar's  agglutinative  test,  966 
Dun-fly,  566 

Dusting  powder,  Hanson's,  1079,  1141 
Dutton's  disease,  11,  733 

membrane,  414,  421 

relapsing  fever,  458,  467,  473 
Dutton-Todd's  method,  744 
Dyaks  of  Borneo,  115 
Dypilidium,  R.  Leuckart,  388 

canis,  L.,  388 
Dysenteric  diarrhoea,  997 

pernicious  fever,  666 
Dysenterie  bacillaire,  986 
Dysenteries,  arthropodic,  986 

bacillary,  986 

ciliar,  984 

nemathelminthic,  986 

platyhelminthic,  986 

the,  974 
Dysentery,  3,  6,  76-82,  310,  669' 

acute  bacterial,  994 

and  flies,  566 

bacillus,  10 

balantidic,  985 

chronic,  949 

bacterial,  997 

entamoebic,  975 

entero-,  996 

flagellate,  985 

gangrenous,  996 

Laveranic,  984 

Leishmanic,  984 

serum  treatment,  1 000 

spirochsetic,  986 
Dysidroses,  1140 
Dysidrosis  exfoliativa,  1142 
Dyspepsia,  924 

Ear,  aspergillosis  of,  617 

mucormycosis  of,  598 

nodules,  symmetrical,  1136  ,1138 
ref. 
Earth  temperatures,  26 
East  African  relapsing  fever,  307 

Coast  fever,  286 
Eau  de  Javel,  146 
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Ebers  papyrus,  4,  433,  835 
Echidin,  176 
Echidna,  166 
Echidnine,  167 
Echidnophaga,  Oliffe,  581 

galUnacea,  Westw.,  587 

rhynchopsylla,  Tirab.,  586-7 
Echinococcifer     echinococcus ,     Wein- 

land,  396 
Echinococcosis,  1044 
Echinococcus    Rudolphi,     131,     396, 
399  ref. 

cysticus  fertilis,  397 
sierilis,  397 

granulosus,  Batsch,  396 

granulosus,  382,  396 

hydatidosus,  397 

multilocularis ,  382 
Huber,  396 

multilocularis,  Leuckart,  397 

osteoklaster,  Huber,  397 
Echinodermata,  131,  151  ref. 
Echinorhynchidcs ,  446 
Echinorhyncus  gigas,  205 

hominis,  Lambl,  450  ref.,  926 
Echis,  166 

carincCtus,  Schn.,  173 
bite  of,  190 
immunity,  193-4 
Echi  toxin,  176 
Echuja  arrow  poison,  114 
Echujin,  114 

Eclamptic  pernicious  fever,  665 
Ecthyma,  1153 
Ectoparasites,  204 
Ecuador,  cinchona  in,  2 
Eczema,  1157 

marginatum,  1075 

primary,  1078 

verrucosum,  1157 
Edjus  (disease),  912 
Efa  (snake),  173 
Egypt,  disease  in,  81 
Egyptian  ^sculaipius,  4 

anaemia,  433 

chlorosis,  931 

medicine,  3 

papyri,  4 
Eimeria,  A.  Schneider,  318 

cases,  Dreissler's,  319 
Gubler's,  319 
Perl's,  319 
Sattler's,  319 
Silcock's,  319 

cuniculi,  319 

hominis,  Rivolta,  318,  928 
R.  Blanchard,  925 

stiedcB,  Lindemann,   318-9,  925, 
928,  1012 
Eimeriella,  Stiles,  318 

nova,  Schneider,  318 


Eirmocystis,  316 
Eisowy  tribes,  192 
Ekiri  (Japan),  997 
ElachistodontincB,  169 
ElcBodendron  glaucum,  Pers.,  100 
Elapincs,  169 

Elaps  corallinus,  Wied.,  171 
Elasmobranchii,  156,  164 
Elastorrhexis,  11 60 
Electric  fans,  685 
Electrobius,  Pocock,  475 
capensis,  475 
coniceps,  475 

talaje,  Gu6rin-Meneville,  475 
Elephant  leg,  827 
Elephantiasis,  8,  414,  815,  827 
arabum,  827 
arm,  833 
breast,  833 
circumscribed,  834 
glabra,  821 
grsecorum,  6,  835 
indica,  827 
leg,  827 
scalp,  834 
scrotum,  832 
tuberosa,  827 
treatment,  827 
verruca,  821 
vulva,  833 
Elephantoid  fever,  414,  822 
Elisha's  treatment,  87 
Embryo,  infection  of  the,  207 
Emda  vittata,  327 
Emerods,  5 

Emmenagogues,  reputed,  106 
Empididcs,  550 
Empyema,  1039 
Emyda  granosa,  Schoepff,  327 

villata,  270 
Emys  orbicularis,  L.,  326 
Encystina,  234 

Endemic  boU  disease  (Scheube),  mi 
degeneration  of  the  bones  of  the 

foot,  1 060 
diarrhoea,  944 

enlargement  of  the  os  calcis,  1050 
funiculitis,  1034 

aetiology  of,  1036 
definition  of,  1034 
diagnosis  of,  1037 
history  of,  1034 
orchiotomy  in,  1038 
pathology  of,  1036 
prognosis  of,  1037 
references,  1038 
symptomatology  of,  1036 
synonyms  of,  1034 
treatment  of,  1038 
varieties  of,  1037 
haemoptysis,  808 
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demic  index,  640 
paralytic  vertigo,  1059 

aetiology  of,  1060 
climatology  of,  1060 
definition  of,  1059 
history  of,  1059 
pathology  of,  1060 
prognosis  of,  1060 
symptomatology   of, 

1060 
synonyms  of,  1059 
treatment  of,  1050 
peripheral  neuritis,  1066 
iemische  beulenkrankheit,  mi 
iocarditis,  1024 
docomplement,  178 
doconidia,  595 

iodermphyton     castellanii.     Perry, 
610,  1086 
concentricum,  Blanchard,  610 
iomyces,  Rees,  599,  600 
albicans,  Rofcin,  600,  949 

Vuillemin,  600,  949  « 

rhoi,  Castellani,  601 
subtilis,  Blanchard,  601 
dospores,  595 
dotiieliomata,  1059 
dothrix,  606] 
emata,  benzene,  930 
erum  vandee  (Tamil),  958 
gineering  works,  malaria,  686 
gland,  mosquitoes  in,  637 
hydrina  valakidien,  Boie,  172,  174 
bite  of,  189 
excretion  of,  191 
M.L.D.,  185 
serums  for,  193-4 
no  (Siam),  11 37 
oplides,  402 

tamosba,  Schaudinn,  214 
Viereck,  975 

africana,  Hartmann,  221 
blattte,  Biitschli,  2 1 5 
buccalis,  Prowazek,  214-5,  222, 

232  rel,  925 
coli,  Loesch,   206,   214-5-6,   231 

rel,  346,  925,  976 
dentalis,  Grassi,  214,  925 
gingivalis,  Gros,  214,  925 
histolytica,  Schaudinn,  11,  205-6, 
214-S,  217,  232  rel,  669,  925, 
976,  982,  1012,1015-6 
hominis.  Walker,  220 
in  abscesses,  214 
in  animals,  215 
in  serous  exudations,  214 
intestinal,  214 
kartuUsi,  Doflein,  214 
miurai,  Ijima,  214 
muris,  Grassi,  215 
pcsdophthora,  CauUery,  215 


Entamoeba  phagocytoides ,  Gauduchen, 
222,  232  rel,  925,  976 
pulmonalis ,  Artault,  214 
■yanoyum,  Grassi,  215 
tetragena,    Viereck,    214-5,    221, 

232  ref.,  925,  976-7,  982 
tropicalis,   Lesage,   214-5-9,   232 

rel,  347,  925 
undulans,  Castellani,  214-5,  220, 

232  rel,  925 
urogenitalis ,  Balz,  214 
Entamoebiasis,  205,  975 
Entamoebic  abscess  of  the  liver,  10 15 
aetiology  of,  1016 
aspiration  of,  1020 
climatology  of,  1015 
definition  of,  1015 
diagnosis  of,  1018 
history  of,  10 15 
operation  for,  1020 
pathology  of,  1016 
prognosis  of,  10 19 
pupils  in,  10 1 7 
symptomatology     of, 

1017 
synonyms  of,  10 15 
treatment  of,  10 19 

post-operative,   of, 
102 1 
Entamoebic  dysentery,  975 
aetiology  of,  gyy 
climatology  of,  976 
complications  of,  981 
definition  of,  975 
diagnosis  of,  982 
history  of,  976 
morbid  anatomy  of,  978 
pathology  of,  977 
prognosis  of,  982 
prophylaxis  for,  984 
sequelae  to,  981 
symptomatology  of,  979 
synonyms  of,  975 
treatment  of,  982 
Enterocolitis,  catarrhal,  342,  445,  941 
Entero-dysentery,  996 
Enterotomy,  1009 
Entozoa,  204,  376  ref. 
Epatite  suppurativa,  1015 
Epectinata,  457 

Epeira  diadema,  Walck,  137,  140 
EphohoscidiB ,  574 
Epidemic  dropsy,  886 

aetiology  of,  902 
climatology  of,  902 
definition  of,  902 
diagnosis  of,  904 
history  of,  902 
morbid  anatomy  of,  903 
pathology  of,  903 
prognosis  of,  904 
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Epidemic    dropsy,    prophylaxis    for, 
904 
references,  905 
sequelae  to,  904 
symptoms  of,  903 
synonyms  of,  902 
treatment  of,  904 
Epidemic  gangrenous  rectitis,  1009 

remittent  fever,  699 
Epidemiology,  modern,  7 
Epidermolysis  bullosa,  1156 
Epidermophyton,  Sabouraud,  609,  610 

cruris,  Castellani,  610,  1075 

inguinalis ,  Sabouraud,  1075 

perneti,  Castellani,  610,  1075-6 

rubrum,  Castellani,  1075-6 
Epididymitis,  1032 
Epilepsy,  93 
Epimerite,  315 
Epithelial  moles,  1 161 

tumours,  1 1 6 1 
Epithelioma  of  penis,  1032 
Epochs  of  medicine,  3 
Epuvi,  147 
Equatorial  belt,  47 
Ergotism,  122,  125 
Erinaceus  esthiopicus ,  493 
EriophyidcB,  459 
Erukam  (Tamil),  106 
Erythema  annulatum,  1 1 54 

gyratum,  11 54 

intertrigo,  1 1 54 

morbilliforme,  11 54 

multiforme,  1 1 54 

nodosum,  11 54 

scarlatiniforme,  11 54 

solar,  68,  11 54 

symmetrical,  palmar,  1 1 50 
Erythemata,  the,  1 1 54 
Erysipelas,  802,  11 54 
Erysipeloid,  620 
Erythrocyte,  235 
Erythrasma,  624,  1078,  1092-3 
Erythrokatalysis,  692 
Erythrolamprus  tBSculapius ,  L.,  169 
Erythromelalgia,  128 

tropica,  1066 
Erythrophloem,  1 14 

guineense,  G.  Don.,  115 

judiciale,  Proct.,  no,  114 
Eryx  conicus,  328 
EschatocephalidiB ,  Marx,  477 
Eschatocephalus ,  Frauenfeld,  485 

vespertilionis ,  485 
Esox  lucnis,  385 
Etheogenesis,  212,  292 
Ether,  in  heat-syncope,  96 

hypodermic,  10 1 
Euarachnida,  457 
Euarthropoda,  456 
Eucainei,  954 


Eucaine  in  scorpion-bite,  137 
Eucalyptol,  936 
Eucalyptus  globulus,  721 

oil,  721,  936 
Euflagellaia,  226 
Euglenoidea,  226 
Eugregarinida,  316 
Euixodes  hexagonus.  Leach,  467 

ricinus,  L.,  467 
Eulyes  amoena,  5 10 
EuphorbiacecB,  99,  loi,  109,  112 
Euphorbia  arborescens,  115 

candelabrum,  114 

cereiformis ,  L*,  115 

heptagona,  L.,  115 

tirucallij'L.,  100,  117 

virosa,  W.  ,115 
EupopidiB,  488 
Eupopoidea,  487-8,  459 
Euquinine,  672 
Eurasians,  75 

diet  of,  49 
Evmhipicephalus  appendiculatus,  Neu- 
mann, 286,  467,  478-9 

bursa,  Canestrini  and  Fanzago, 
287,  478,  568 

erlangeri,  479 

evertsi,  467,  479 

hilgerti,  479 

sanguineus,  Latreille,  467,  477, 

479 

shipleyi,  479 

simus,  Koch,  479 
Europe,  relapsing  fever  of,  699 

dog- tick,  485  -- 

Eurotium  flavum,  De  Bary,  616 

nigrum,  De  Bary,  615 

repens,  De  Bary,  616 
Euscorpius  europtsus,  132-3-5 
Eu  simus,  Koch,  286 
Euspora,  316 
EustrongylintB ,  429 
Eustrongylus  visceralis,  Railliet,  429 
Evil  eye,  the,  i 
Exantiiemata,  the,  1155 
Exanthesis  athrosia,  752 
Excoecaria  agallocha,  L.,  100 
Exorcism  in  snake-bite,  198 
Exospores,  594 
Experiments  on  high  temperatures, 

85 
Eye,  aspergillosis  of,  617 
Eye-fly,  572 

Factors,  climatic,  21 
Faddidite  (Madagascar),  11 48 
Faget's  sign,  764 

Fannia,     Robineau-Desvoidy,     573, 
576  ref. 

canicularis ,  L.,  927 

desjardensii,  Macquart,  573,  927 
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mia  incisurata,  $73,  927 
manicuta,  573,  927 
saltatrix,  573,  927 
scalaris,  573,  927 

ciola,L.,3S4-5 

angusta,  Raillietj  360 

gigantica,  Cobbold,  352,  360,  376 
ref. 

hepatica,  L.,  349,  350,  352,  355, 
376  ref. 

humana,  Gmel.,  355 

lanceolata,  Rudolphi,  369 
ciolopsis,  Looss,  354,  361 

buski,  Lankester,  352,  361,  376 
ref.,  925,  928,  986,  1012 

fiUleborni,  Rodenwalt,  352,  361-2, 
376  ref.,  925,  928 

rathousi,  928 
■cioletta,  Garrison,  354,  360 

ilocana,  Garrison,  352,  360,  376 

ref. 
ciolidce,  Railliet,  351,  354 

diagnostic  table,  355 
dc  tarsus,  611 
'US,  594,  611 
ibre  emoglobinure,  688 

Gialla,  758 

ricorrente,  700 
)ricula,  794 
iris  endemica  cum  roseola,  752 

flava,  758 

recurrens,  699 

sudoralis,  770 

undulans,  770 
is  domestica,  320 

leo,  493 
'inella,  Theobald,  532 
ment,  antifebrin,  184 

fibrin,  184 

proteolytic,  184 
mentation,  10 
-de-lance  (snake),  173 
tucaria  lentis,  Moquin-Tandon,  370 
ish  man,  i ,  98 
er,  African  tick,  305,  467,  473 

algide  pernicious,  663 

anthrax,  287 

biliary,  287 

bilious  remittent,  662 

blackwater,  15,  82,  289,  688 

Carrion's,  876 

cerebro-spinal,  93 

climatic,  631 

coast.  South  Africa,  478-9,  631 

Cyprus,  770 

Dambul,  631 

dengue,  14,  752 

double  continued,  798 
quartan,  656 
subtertian,  661 
tertian,  659 


Fever,  dum-dum,  12,  278 

Button's  relapsing,  458,  467,  473 
East  African  relapsing,  307 

Coast,  286 
elephantoid,  414,  822 
Gambia,  1 1 
Gibraltar,  770 
glandular,  81 
haemoglobinuric,  286,  289 
high  intermittent  non-malarial, 

800 
hill,  631 

hyperpyrexial,  798 
icteric,  706 
intermittent,  631 
irregular,  337 
Japanese  river,  288,  488 
jungle,  631 
Kurunegala,  631 
leprotic,  843 
low    intermittent    non-malarial, 

798 
Malta,  770 
marsh,  631 

Mediterranean,  81,  770 
mosquito  and,  3 
mountain,  631 
Neapohtan,  770 
Obermeyer's  relapsing,  506 
Oroya,  877 
papataci,  542,  797 
paratyphoid,  802 
pernicious  scarlatiniform,  664 

subtertian,  663 
Pfeiffer's  glandular,  802 
prison,  802 
quartan,  5 

rarer  forms  of,  657 
quotidian,  5 
Rangoon  local,  794 
redwater,  480 
relapsing,  5,  81,  305 

Europe,  699 
remittent,  78,  631 
Rocky  Mountain,  288,  468,  483 
Roman,  631 
seven-days,  794 
Sierra,  631 
simple,  78-9 

continued,  794 

quartan,  654 

subtertian,  660 

tertian,  657 
spotted,  288,  802 
subtertian,  660 
tertian,  5,  657 

irregular,  660 

malarial,  294 

simple,  657 
Texas,  285,  480 
thermic,  86-7-8 

75 
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Fever,  three-days,  796 

tick,  707 

of  Miana,  72 1 

triple  quartan,  657 

trypanosome,  11,  732 

tsutsugamushi,  288 

typhoid,  800,  998 

undefined,  ^g,  80,  81 

undulant,  770 

yellow,  14,  15,  758 
Fevers,  cosmopolitan,  793,  800 

quartan,  654 

unclassified,  793 
Fibrin  ferment,  184 
Fibroid  folliculitis  of  Montoya,  iioi 
Fibrolysin  injections,  Mark,  829 
Fibroma  moUuscum,  1 160 

pendulum,  1 160 
Fiebre  amarilla,  758 

de  la  Oroya,  876 
Fievre  a  rechute,  699 

bilieuse  grave,  688 

hemaglobinuric,  688 
hematurique,  688 
melanurique,  688 

jaune  des  Creoles,  688 
acclimates,  688 

palustre,  631 

rouge,  752 
Filaria,  Miiller,  14,  345,  407-8,  743 

cBthiopica,  Valenciennes,  417 

apapillocephala,     Condonelli 
Francaviglia,  420 

bancrofti,   Cobbold,   8,   408,  447 
rel,  815-6 

communis,  408 

conjunctiva,  Addario,  408,  420 

(?)  cystica,  407 

demarquayi,   Manson,   408,   416, 
447  ref. 

dermatemica.    Da   Silva   Araiyo, 
408 

diurna,  Manson,  421 

dracunculus,  Bremser,  417 

equi,  Gmelin,  424,  448  ref. 

equina,  Abildy,  420 

georgiana,  448  ref. 

(?)  gigas,  Prout,  407 

hominis,  Diesing,  424 

bronchiolis,  Rudolphi,  424 

(?)  hominis  oris,  Leidy,  407,  427 

immitis,  Leidy,  408,  420, 448  ref. 

inermis,  Grassi,  420 

(?)  kilimarcB,  Kolb,  407 

krankheit,  815 

labialis.  Pane,  408,  421,  448  ref. 

lentis,  Diesing,  426 

/oa, Cobbold,  203,420-1,  448  ref., 
547,  1046 

magalhissi,  Blanchard,  408,  416, 
447  ref. 


Filaria  martis,  Gmelin,  406-7-8 

medinensis,  L.,  408,  417,  448  ref., 

494,  1045 
niellyi,  407 
noctwrna,  408 
oculi  humani,  van  Nordman,  420, 

426,  448  ref. 
ozzardi,  Manson,  414,  416 
palpebralis.  Pace,  420 
papulosa,  Rudolphi,  424 
peritonei  hominis,  BabSs,  420 
Persians,  408,  414,  447  ref.,  474, 

735 
philippinensis ,      Ashburn      and 

Craig,  425,  448  ref.,  817 
piscium,  408 

powelli,  Penel,  425,  448  ref. 
(?)  restiformis,  Leidy,  407,  427 
(?)    romanorum    orientalis,    Sar- 

cani,  407 
sanguinis  hominis,  Lewis,  408 
hominis   iBgyptica,   Sonsino, 
408 
major,  Manson,  421 
minor,  Manson,  414 
hominis    perstans,    Manson, 

414 
hominum,  Hall,  408 
hominum  nocturna,  Manson, 
408 
species  (?),  Cholodkowsky,  407 

(?)  Prout,  407 
subconjunctivalis,  Guyon,  421 
taniguchi,   Penel,   408,  420,  448 

ref. 
irachealis,  Rainey,  430 
volvulus,  Leuckart,  408,  419,  448 

ref.,  ■1042 
wucheri.  Da  Silva  Lima,  408 
zebra,  Mon  Grand,  407 
Filariadea,  Leuckart,  406 
Filarial  chylous  extravasations,  826 
disease,  815 
lymphangitis,  822 
Filariasi,  815 

Filariasis,  8,  414,  497,  802,  815 
aetiology  of,  818 
blood  in,  821 
climatology  of,  817 
history  of,  815 
morbid  anatomy  of,  821 
spreaders  of,  531 
FilaridiB,  Cobbold,  406 
Filaridea,  Carus,  406 
Filarides,  Assenova,  406 
Filariida,  Braun,  406,  447  ref. 
Filariose,  815 
File  fish,  121 

Filocapsularis ,  De  Longchamps,  408 
Finsen  light  treatment,  853 
Fish,  mosquito-eating,  529 


INDEX 


n87 


ih,  trypanosomes  of,  271 

venomous,  154 
ihing,  poisons  used  in,  1 17 
ision,  binary,  209 
ve  days'  fever,  699 
igellate  diarrhoea,  985 

dysentery,  985-6 
ame  cells,  348 
eas,  577 

in  plague,  780 

rat,  14,  589 
eckfieber,  802 
ies.  Vide  Fly 
ood  fever,  717 
oridea,  593 
usso  sanguigno,  974 
y,  bacilli-carrying,  992 

banat,  543 

blow-,  553,  566 

blue-bottle,  569 

bot,  550 

breeze,  546 

brulot,  542 

dam  din,  543 

dun,  566 

eye,  572 

fruit,  566 

gad-,  546 

horse,  546 

house,  566 

kunteb,  543 

mangrove,  546,  548 

mbwa,  543 

motuca,  547 

ngumba,  553 

nimetta,  543 

potu,  542 

root,  566 

sand,  542 

serut,  546 

stable,  555 

tsetse,  558 

typhoid-carrying,  14,  566 

warble,  550 
oetal  monstrosities,  1032 
blliculitis  decalvans,  1165 
ood,  in  heat-stroke,  94 

poisoning,  vegetal,  122 
animal,  120 

poisonous,  120 

post-mortem  changes  in,  122 
"oot-tetter,  1072 
•oraminifera,  214 
'ordyce's  disease,  1165 
'ormic  acid,  147 
'ormicidcB,  146,  153  ref. 
'oxia      mansoni,      Castellani,     627, 

1091 
fra-fra  arrow  poison,  1 1 1 ,  113 
Tagilitas  crinium,  1164 
fragmentation,  216 


Framboesia  tropica,  855 
aetiology  of,  857 
blood  in,  870 
boubas,  873 

communicabihty  of,  871 
definition  of,  855 
diagnosis  of,  872 
eruptions  in,  866 
eyes  in,  870 
genito-urinary     system     in, 

870 
geographical  distribution  of, 

857 

hair,  lesions  of,  868 

history  of,  855 

hyperidrosis,  869 

inoculation  experiments  in, 
859 

locomotor  system  in,  869 

lymphatic  glands  in,  868 

nervous  system,  869 

pathology  of,  861 

pian,  873 

primary  stage  of,  862 

prognosis  of,  873 

prophylaxis  for,  874 

references,  875 

respiratory  system  in,  869 

secondary  stage  of,  863 

symptomatology  of,  86  j 

synonyms  of,  855 

tertiary  stage  of,  870 

treatment  of,  874 

treponema,  857 
Framosi  (Calabar),  855 
Frien  disease,  618 
Frienite,  618 
Fringilla  ccelebs,  234 
Frogs,  trypanosomes  of,  270 
Frontier  sore,  280 
Fruit-fly,  566 
Fuguismus,  121,  128  ref. 
Funambulus  palmarum',  L.,  268 

pennati,  320,  326 
Fungi,  593-4 

budding,  599 
cultivation  of,  1 100 
imperfecti,  619 
Fungus-cellulose,  594 

disease  of  India,  1050 
Funiculitis,  endemic,  1034 
Furunculus  orientalis,  Crocker,  1 1 1  r 
Fusaria  mystax,  Zeder,  444 
vermicularis,  Zeder,  444 

Gad-flies,  546 

Gall-bladder,  disease  of,  10 12 
Galle  leg,  827 
Gallenfieber,  688 
Gallinippers,  515 
Gall  sickness,  263 
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Galziekte,  12,  254,  263,  574 
GamasidcB,  459 
Gamasoidea,  459 
Gambia  fever,  11,  12,  733 

horse-sickness,  254 
Gambusea  moUiensia,  529 
Gametocytes,  211 
Gammarus  pulex,  494,  926 
Gamocystis,  316 
Gangosa,  916 
Ganja,  105 
Garib-guez,  470,  721 
Gastric  remittent  fever,  770 

ulcer,  924 

(fox),  310 
Gastrodiscus,  Leuckart,  353 

hominis,  Lewis  and  McConnell, 
352,  354,  376  rel,  925 
Gastrolobiuni,  1 10 
Gastrophilus,  Leach,  551,  1108 

equi,  Fabricius,  551 
Gastrothylax ,  352 

cyuminifer,  Crepi,  354 
Gattoo  (West  African  Coast),  855 
Gaveurs  de  pigeons,  617 
Gavialis  gangeticus,  Gmel.,  326 
Gecko,  299 

Geigera  wellmani,  Hutch.,  913 
Gelbfieber,  758 
Gemmation,  209 
Generative  organs,  disease  of,  1032 

effects  of  heat  on,  65 
Geobdella,  455 
Geophagia,  931 

Geophilus   carpophagus ,   Leach,   494, 
920 

cephalicus ,  Wood,  494,  920 

electricus,  L.,  494,  920,  926 

longicornis,  Leach,  142 

similis,  Leach,  494,  920 
Gerbilis  pyramidis,  136 

indicus,  320,  325,  502 
Gerhard t's  urobilin  icterus,  667 
Gerlier's  disease,  1059 
German  measles,  802 
Gerris  fossarum,  Fabr.,  276 
Ghootloo  Mahdee,  1050 
Gibraltar  fever,  770 
Giemsa's  method,  858 
Gigantorhynchus    gigas,    Goeze,    446, 

450  ref.,  926 
Giraffe  fever,  752 
Girardinus  formosus,  529 

poeciloides,  de  Filippi,  529 

versicolor,  Giinther,  520 
Gland-juice,  examination  of,  1041 
Glandular  disease  of  Barbadoes,  827 

fever,  75,  81 
Glass,  powdered,  98 
Glaucidium  noctuee,  Retz,  235,  243-4 
Glia  monster,  199 


Gloriosa  superba,  L.,  99,  102,  104,  107 
Glossina,  Wiedemann,  558,  575  ref. 

bionomics,  563 

classification  of,  564 

fusca,  Walker,  252,  259,  267,  565 

internal  anatomy  of,  562 

life-history  of,  563 

longipalpis,     Wiedemann,     558, 

565,  735 
longipennts,  Corti,  565 
maculata,  Newstead,  565 
morphology  of,  559 
morsitans,  Westwood,  12,  258-9, 

563,  565,735 

palliceva,  Bigot,  565 

paUidipes,  Austen,  259,  565,  735 

palpalis,  Robineau-Desvoidy,  12, 
264,  266-7,  271,  563,  732-3 

tachinoides,  Westwood,  261,  564 
GlossintB,  424 

Glossinella  schillingsi,  Griinberg,  558 
Glossiphonia,  Johnson,  453 
Glossiphoniida,  453 
Glugea,  Thelohan,  330 

anomala,  Moniez,  330 
Glyciphagus  domesHcus,  De  Geer,  489 

prunorum,  Hermann,  489 
Gmelin's  reaction,  693 
Gnathobdellidts,  453 
Gnathostoma,  Owen,  405 

siamense,  Levins,  406,  447  ref., 

1033 
Gnathostomidce ,  405 
Gnat-proof  rooms,  684 
Goa  powder,  1078 
Goat's  milk,  770 
Goddess  Pattini,  2 

Godfrey  and  Eyres'   tubercular  dis- 
ease, 1050 
Godownik  boil  (Caucasus)  ,1111 
Gogo  (Marshall  Is.),  1083 
Goitre,  1025 

exophthalmic,  1025 
Golgi,  cycle  of,  291 
Gomera  (Ceylon),  1089 
Gonidia,  595 
Goniopsylla,  585 
Gonorrhoea,  1032 
Gora  harik,  127 
Gordiacea,  445,  450  ref.,  941 
Gordius  aquaticus,  L.,  407,  445,  926 

chiliensis,  E.  Blanchard,  445,  926 

equinis,  Abbild,  424 

medinensis,  L.,  417 

pulmonalis  apri,  Ebel.,  430 
Gouni  (India),  192 
Goundhou,  15,  1048-9 
Graeco-Roman  medicine,  6 
Granuloma  endemicum,  Brooke,  mi 

inguinale,  1 126-7-8 

venereum,  1 1 26 
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rranulosa  rubra  nasi,  1 1 5  9 
rrecian  medicine,  5 
rreen  vision,  125 

Greenwich,   diurnal  variation,   pres- 
sure, 33 
'•regarina,  Dufour,  316 
Wegarinida,  314 
'rvegarinidcB ,  316 
'rregarinosus  pulmonum,  366 
rreig-Grey's  method,  744 
irocers'  itch,  489 

rrocco's  paravertebral  triangle,  ioi8 
'rromiidcB,  224 

rround-itch  (Assam),  435,  931 
rrowth,  effect  of  heat  on,  66 
ruanine,  476 

ruaiteria  veneficium,  Mart,  116 
rubier' s  case  {eimeria),  319 
Tuerib-guez,  721  [ref. 

luinea-worm,  4,  82,  417,  1045,  1057 
Tune  (Gilbert  Is.),  1083 
lurjon  oil,  852 
rurleya,  Doflein,  330 
lusano  (New  Granada),  552 
rymnamosbida,  214 
rymnoascees,  599,  603 
rymnocerata,  505 
rymnospoi'ea,  L6ger,  316 
rymnosporidia,  Labbe,  289 
rymnostomata,  340 
TyncBCophorus ,  Diesing,  370 
ryrocoryna,  Stein,  341 

iadrus  lepidotus,  547 
lismadipsa,  Tennent,  455 
ceylonica,  451,  453 
fallax,  R.  Blanchard,  455 
japonica,  Whitman,  455 
javanica,  Waliberg,  455 
morsitans,  R.  Blanchard,  455 
tallagalla,  Meyer,  455 
umbata,  Grube,  455 
vagans,  R.  Blanchard,  455 
zeylanica,  Blainville,  455 
tamadipsincB,  R.  Blanchard,  455 
icemalastor,  Koch,  455 
lamamosba,  Laveran,  243 
Grassi  and  Feletti,  289 
immaculata,  Grassi  and  Feletti, 

299,  636 
laverani,  Labbe,  299 

var.  quartana,  Labbe,  296 
malaricB,  Grassi  and  Feletti,  296 
Laveran,  299 
var.   magna,  Laveran,    294, 

296 
var.  quartana,  Laveran,  296 
var.  teHiance,  Laveran,  294 
precox,  Grassi  and  Feletti,  299, 

636 
relicta,  Grassi  and  Feletti,  297 


Hcsmamceba   vivax,   Grassi    and    Fe- 
letti, 294 

ziemanni,  Laveran,  243 
Hesmanthus  toxicaria,  L.,  115 
H csmaphysalis ,  Koch,  483 

concinna,  483 

fl'avii,  483 

leachi,  Audouin,  284,  483 

punctata,  461,  483 
Htematobia,  Robineau-Desvoidy,  558 
Haematocele,  1032 
H«ematochyluria,  816,  826 
H cematococcus ,  Babes,  281,  286 

ovis,  Babds,  286 
H cematomonas ,  Mitrophan,  247 

Osier,  289 

evansi,  Crookshank,  258 
H  csmatomyidium     paraense,     Goeldi, 

542 
Hismatophyllum,  Metchnikofif,  289 

malarics,  290 
H (smatopinus ,  504 

spinulosus,  256-7 

stephensi,  C.   and  N.,   320,   325, 
502 

ventricosus ,  Denny,  268 
Hismatopota,  Meigen,  347 

guineensis,  Bigot,  548 

italica,  Meigen,  275,  547 

obscura,  Loew,  548 

pluvialis,  L.,  547 

pulchrithorax,  Austen,  548 

strigipennis ,  Karsch,  548 
HcBmatozoon  falciparum,  Welch,  299 
H amaiustoridcs ,  Marx,  477 
Hcementaria  ghiilanii,  De  Filippi,  453 

officinalis,  De  Filippi,  453 
Htsmocystidium   simondi.    Cast,    and 

Willey,  299 
Htsmocytozoa,  Danilewsky,  233 
Hcsmoftagellata,  Woodcock,  207,  212, 

233 
Haemoglobin,  70 
Haemoglobinuria,  674 
Haemoglobinuric  fever,  286,  289 
Hcsmogregarina    bagensis,     Ducloux, 

32O)  327 
balfouri,  Laveran,  326 
billeti,  Simond,  327 
bovis,    Marfoglio    and    Carpano, 

325 
canis,  James,  320,  323,  479 
cantliei,  Sambon,  328 
crocodilinorum,  Borner,  326 
crotali,  Laveran,  327 
felis,  Christophers,  326 
funambuli ,  Patton,  326 
gerbilli,   Christophers,   320,   325, 

502 
hankini,  Simond,  326 
jacuU,  Balfour,  320,  326 
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H cemogregahna  lacetiarum,  Danilew- 

sky,  328 
laverani,  Simond,  327 
leptodactyli,  Lesage,  328 
mansoni,    Sambon    and    Selig- 

mann,  327 
mauretania,  Sergent,  327 
mesnili,  Simond,  327 
minima,  Chaussat,  320,  328 
mirabilis,  Castellani  and  Willey, 

327 
mocassini,  Laveran,  327 
muris,  Balfour,  320,  321,  323 
najcB,  Laveran,  327 
nicorite  ,Ca,stella.ni  and  Willey,  327 
pococki,  Sambon  and  Seligmann, 

327 
pythonis,  Billet,  327 
ranarum,  Kruse,  328 
rara,  Laveran  and  Mesnil,  327 
rarefaciens,  Sambon   and   Selig- 
mann, 322,  328 
rata,  Addie,  326 

refringens,    Sambon    and    Selig- 
mann, 327 
schaudinni,  C.  Franga,  328 
seligmanni,  Sambon,  323,  327 
shattochi,    Sambon     and     Selig- 
mann, 327 
simondi,  L.  and  M.,  328 
splendens,  Labbe,  328 
stepanoviani,  L.  and  M.,  327 
stepanovi,  Danilewsky,  320,  326 
terzii,   Sambon   and   Seligmann, 

328 
thomsoni,  Minchin,  328 
vittatcB,  Robertson,  321,  327 
zamenis,  Laveran,  327 
Hasmogregarines,  212 
Htsmogregarinida,    Neveu  -  Lemaire, 

319 
Hemolysins,  145 
Hcemomenas  prcscox,  Ross,  299 
H cBmomaebides ,  Ross,  289 
H tBmophysalis  leachi,  468 

marmorata,  Berlese,  481 

rosea,  Koch,  480 
Hesmopis,  Savigny,  454 

Schmarda,  455 

lacustre,  Leidy,  454 

sanguisuga,  Beymann,  454 
Htsmoproteida,  Sambon,  234 
H<Bmoproteus,  Kruse,  235 

columbts,  Celli,  235,  241 

mansoni,  Sambon,  242 

noctucs,  Celli  and  Sanfelice,  207, 
23s,  248 
Hamoprotozoa,  Sambon,  207,  233 
Hsemorrhagic  malarial  fever,  688 

pancreatitis,  606 

pernicious  fever,  664 


Hsemorrhagins,  176,  183 
Haemosiderin,  644,  646 
Heemosporea,  Minchin,  319 
Hcemosporidia,  207,  212 

Labbe,  319 

Mingazzini,  233 
Hcemosporidium,  Lewkowicz,  289 

sedecimancB ,  Lewkowicz,  299 

tertianum,  Lewkowicz,  294 

undecitnancB ,  Lewkowicz,  299 

vigesimoteHiancB,  Lewkowicz,  299 
Haemozoin  (Sambon),  209,  290,  646 
Haifkine's  plague  prophylactic,  791 
Hair,  chopped,  no 

diseases  of  the,  11 64 
Hiaza  (Hind.),  958 
Haldane      and      Lorraine      Smith's 

method,  933 
Hallucinations,  desert,  1067 
Halteridium,  Danilewski,  235 

Labbe,  235 
Halysis       lanceolata       (Blochmann) , 
Zeder,  391 

solium,  Zeder,  393 
Hamadryad,  170 
Hamburg  School,  1 5 
Hamster,  268 
Hamularia,  Treutzler,  407,  424 

equi,  Gmelin,  424 

lymphatica,  Treutzler,  424 
Handley's  lymphangioplasty,  831 
Hapale  pencillata,  269 
Haplosporidia,  CauUery  and  Mesnil, 

334,  344  ref. 
H aplosporidium ,  334 
Har  boul  (Arab),  1027 
Harita  Samhita,  433 
Harrnattan,  40 
Harpulia  arborea,  Radlk,  117 
Harvest-bug,  487 
Harvest-mite,  487 
Haschisch,  105 
Hatty-ka-Pung,  lojo 
Head-gear,  72 
Heart-block,  1024 
Heart,  tropical,  1025 
Heart-water,  478,  486 
Heat  exhaustion,  88,  95 

production  of,  49 

prophylaxis  of,  72 

regulation  of,  49 
chemical,  50 
physical,  50 

stroke,  75,  86-7 

historical  account  of,  88 

syncope,  86,  94-5 
Hectopsylla,  Frauenfeld,  581 
HectopsylHdce,  Baker,  581 
Helcosoma,  Wright,  277 

tropicum,  Wright,  280,  11 13 
Heliconea  brasiliensis,  529 
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!eliopolis,  4 

^eliozoa,  214 

[elmets,  72 

[elmintiiiasis,  346 

[elminthology,  8 

'elminthoma  elastica,  825 

felobdella  algirw,  270 

leloderma  horridum,  Wiegmann,  199 

suspectum,  Cope,  199 
lelodermatides,  199 
[eltu  (worm),  4,  433 
Umiclepsis,  Vejdoksky,  453 

marginata,  273 
lemidactylus  leschenaulti ,  270,  299 

triedri  pleschenaulti ,  270 
[emiplegic  pernicious  fever,  665 
lemiptera,  143,  504,  511  ref. 
lenoch's  purpura,  1 1 54 
[enpuye,  1048 

Cepatic    abscess,    10 15    {;uide    Enta- 
moebic  Abscess) 

bilharziosis,  1008 

phlebotomy,  1020 
[epatitis,  981,  1014 
lepatozoon  pevniciosum.  Miller,  320, 

323 
[ernia,  924 
[erpes,  1157 

de  Manson  (Roux),  1083 

desquamans  (Turner),  1083 

farinosus  (Ritter),  1083 

progenitalis,  1 1 5  7 

zoster,  1157 
leypestes  ichneumon,  L.,  192,  288 
J erpetomonas ,  Kent,  247,  274 

Rogers,  277 

algeriense,  Sergent,  275 

bombyces,  Levaditi,  275 

butschli,  Kent,  275 

gracilis,  Leger,  275 

jaculum,  Leger,  275 

lewisi,  Kent,  256 

lygcei,  Patton,  275 

minuta,  Leger,  274 

musciB-domesticcB ,  Burnett,   234, 
252,  274 

sarcophagcB,  Prowazek,  275 

subulata,  Leger,  275,  547 
leypetomonides,  273,  312  ref. 
levpobdellidcB ,  453 
Uterocotylea,  Monticelli,  351 
'eteroharyota,  Hickson,  208,  213,  320, 
344  ref. 

'eterometrus  maurus,  133,  135-6 
'eteronychia    dolorosa,    Arribalzaga, 

538 
'eterophyes,  Cobbold,  354,  368 

heterophyes,    von    Siebold,    352, 
368,  377  ref.,  92s 
'eteroptera,  504. 
'eteropus  ventricosus,  Newport,  488 


Heterotricha,  Stein,  338,  341 
Hexamitus,  Dujardin,  230 

duodenalis,  Davaine,  230 
intestinalis,  Grassi,  230 
muris,  Grassi,  230 
vulgaris,  Dujardin,  230 
Hexapoda,  143,  497,  510  ref. 
Hhab-el-Seneii  (Arab),  iiii 
Hibiscus,  147 
High  air  temperatures,  96  ref. 

intermittent  non-malarial  fever, 
800,  807  ref. 
Hill  diarrhoea,  949,  955 

aetiology  of,  955 
definition  of,  955 
diagnosis  of,  956 
history  of,  955 
mica  theory  of,  955 
pathology  of,  955 
prognosis  of,  956 
prophylaxis  for,  956 
references,  957 
sequelae  to,  956 
symptomatology  of,  955 
treatment  of,  956 
Hill  fever,  63 1 

Himantarium  gervaisi,  49;,  926 
Hinchazon  de  los  nigros  y  chinos,  886 
Hippobosca,  L.,  574 

camelina,  Leach,  574 
equina,  L.,  574 
francilloni.  Leach,  574 
maculata,  Leach,  574 
ruftpes,  von  Olfers,  574 
Hippoboscidce ,  574 
Hippomane  mancinella,  L.,  109 
Hirudinaria,  Whitman,  454 
Hirudinea,  451,  495  ref. 
Hirudiniasis ,  919,  920 
HirudinintB ,  R.  Blanchard,  453 
Hirudo,  L.,  454 

asiatica,  R.  Blanchard,  454 
hildebrandti ,  R.  Blanchard,  454 
javanica,  Wahlberg,  454 
medicinalis,  L.,  272,  452,  454 
multistriaia,  Schmarda,  452,  454 
nipponia.  Whitman,  454 
quinquestriaia,  Schmarda,  454 
saigonensis,  454 
septemstriata,  Grube,  454 
sinica,  Blainville,  454 
timorensis ,  R.  Blanchard,  454 
troctina,  Johnston,  454 
Histiogaster  spermaticus ,  Trouessart, 

489 
Histoplasma  capsulata,  Darling,  338, 

911 
Histoplasmosis,  911,  912,  914  ref. 
History  of  tropical  medicine,  1 
Histriobdellida,  456 
Hitzschlag,  88 
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Hive-bee,  144 

Holocanthus  imperator,  Bl.,  157 

Holothuna  argus,  131 

Holothurians,  131 

Holothyrus  coccinella,  Gervais,  127, 460 

Holotricha,  Stein,  340 

Ho-louan  (China),  958 

Homa  el  Hugga,  700 

el  Naxy,  700 
Homalop  since,  169 
Homma  typhuisa,  802 
Homologastey,  352 
Homalomyia  breieis,  566 

canicularis,  L.,  566,  573 

desj ardensii ,  Macquart,  573 

scalaris,  566 
Homicidal  poisons,  99 
Homoptera,  504 
Hong  Kong,  prophylaxis,  685 
Hondziekte,  282 
Hook-worm  disease,  931 
Hoplocephalus,  167 

curtus,  178 
Hordeum  murinum,  L.,  620 
Hornet,  144 
Horoscope,  i 
Horse-flies,  546 
Horsehair  worms,  445 
Horses,  poisoning  of,  124 
Hospital  phagedaena,  308,  1122 
Hospitals,  first,  3 
Hottentots,  1 15 
House-fly,  566 
Houses,  colour  of,  70,  73 
Humidity,  atmospheric,  40,  54 
Hungerpeste,  die,  700 
Hunting,  poisons  used  in,  117 
Hycenanche  globosa,  115 
Hyalococcus  beigelii,  Schroeter,  623 
Hyalomma,  Koch,  486 

isgypiium,  L.,  467,  486 

affine,  486 

crassitarsus ,  486 

hippopotamense ,  486 

rhipicephaloides ,  486 

syriacum,  486 
Hyalospora,  316 

Hydnocarpus  venenata,  Gartn.,  117 
Hydroa  vacciniforra'is,  11 57 
Hydrocarpus  wightiana,  852 
Hydrocele,  1032 

endemic,  815 
Hydrochcsrus  capybara,  262 
Hydromeiridcs,  5 10 
HydrophincB,  172 

Hydrophis  cantoris,  Gthr.,  bite  of,  189 
Hydrophobia,  336-7 
Hydropneusta,  457 
Hydrops  asthmaticus,  886 
Hydrotcea  meteorica,  L.,  573 
Hydrus  platurus,  171 


Hyetometry,  41 
Hygiene,  mosaic,  5 

personal,  347 

public,  348 
Hygrometry,  41 
Hyla  arborea,  L.,  229,  270 
Hymenolepis,  Weinland,  389 

deminuta,  Rudolphi,  382-4,  389, 
399  ref.,  925 

lanceolata,  Blochmann,  384,  391, 
925 

nana,  von  Siebold,  382,  384,  390, 
299  ref.,  925 
fraterna,  Stiles,  390 
Hymenoptera,  144 
Hymenostomata,  341 
Hyoscyamus  falezlez,  Coss.,  99,  102 

muticus,  106 
Hyperaemia  of  the  liver,  1013 
Hyperchloridia,  924 
Hyperidiosis,  11 59 
Hyperkeratosis  of  sole,  1161 
Hyperparasitism,  205 
Hyperpyrexia,  86 
Hyperpyrexial  fever,  798,  807  ref. 
Hypersarcosis,  827 
Hypertrichosis,  1 1 64 
Hyphae,  594 
Hyphomycetes ,  619 
Hypnotics  in  heat-stroke,  94 
Hypnotoxin,  130 
Hypoderma,  Latreille,  551 

bovis,  De  Geer,  551,  1108 

diana,  Brauer,  551 

lineata,  1 108 
Hypotricha,  338 
Hysteria,  105 
Hystrichopsylla,  585 

narbelli,  Galli  V.,  586 

talpcB,  Curtis,  586 

tnpectinata,  Tiraboschi,  586-7 
HystrichopsyllincB,  Tiraboschi,  584-5 

Icteric  fever,  706 

typhus,  699 
Icterus,  Gerhardt's  urobilin,  667 
I cthyobdellidiB ,  453 
I cthyosporidium,  334 
Ichthyotoxismus,  889 
Ictonyx  Hbyca,  136 
Ikan  saban  (fish),  159 
Il-jarassy  (Tartar),  11 11 
Illegitimacy,  79 
Images,  ju-ju,  i 
Imbundi  (W.  A.),  no 
Imhotep  of  Memphis,  4 
Immunity,  bee,  145 

scorpion,  136 

snake,  192 
Impetigo,  503,  1 153 

primarum  viarum,  944 
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cas,  medicine  of  the,  2 

cha9ao  (Brazil),  886 

cidence  of  disease  in  tropics,  75 

cinerator,  938 

dacets,  103 

dia,  disease  in,  80 

Moslem  invasion  of,  3 
relapsing  fever  in,  705 
dian  hemp,  105 
"  liver,"  10 1 3 
medicine,  2 
diella,  Brumpt,  621 
mansoni,  Brumpt,  621,  1052 
reyneri,  Brumpt,  621,  1052 
somalensis,  Brumpt,  621,  1052 
dische  spruw,  944 
fanticide,  io6 

poisons  used  for,  99 
fantile  biliary  cirrhosis,  loii,  1022 
ref. 
convulsions,  76-7 
diarrhoea,  epidemic,  997 
treatment,  1003 
fection  of  the  embryo,  207 
fectious  jaundice,  81 
Suenza,  80 
fusona,  212 

jection,     intravenous,     technique, 
197 
juries,  poisons  to  simulate,  lOO 

simulation  of,  108 
jculation  against  smallpox,  3 

of  animals,  745 
organic  poisons,  98 
sanity,  77,  1059 

Philippine  army,  7 1 
^ecta,  497 
iects  as  disease  carriers,  1 4 

collection  of,  500 
lolatio,  87 
;ertrigo,  1078 
blastomycetica,  1097 
saccharomycetica,  1097 
;ermittent  fever,  63 1 

tick  fever  of  Wyoming,  722 
:ernational  code,  zoologists',  205 
:estinal  anguillulosis,  928 
bilharziosis,  1008 

climatology  of,  1008 
complications  in,  1009 
definition  of,  1008 
diagnosis  of,  1009 
history  of,  1008 
pathology  of,  1008 
prognosis  in,  1009 
synonyms  of,  1008 
symptomatology  of,  1009 
treatment  of,  1009 
irrigation,  983 
obstruction,  924 
sand,  924 


Intoxications,  tropical,  97 
Intramuscular  injections,  quinine,  677 
Intravenous  injection,  technique  of, 
197 
quinine,  678 
Intussusception,  924 
Invertebrata,  trypanosomes  of,  271 
Iodine  in  snake-bite,  198 
Iodoform,  11 23 
Ipecacuanha,  982 

in  scorpion-bite,  137 
Ipoh  aker,  116 

arrow-poison,  112,  115-6 
Ipuh,  arrow-poison,  1 1 5 
Iritis,  709 

Iron,  sulphate  of,  no 
Irregular  fever,  337 

stibtertian  fever,  662 
Irrigation,  intestinal,  983 

rectal,  1003 
Irritants  in  abortion,  107 
Island  disease,  717 
Ismailia,  prophylaxis  in,-  68  5 
Isospora,  A.  Schneider,  318 

bigeminum,  Stiles,  318,  925 
Itch,  coolie,  346 

dhobie,  610,  1075 

grocer's,  489 

vanilla,  109 
Issatchenko's  bacillus,  591 
Ixodes,  Wagner,  460 
Ixode,  Neumann,  477 
Ixodea,  Burmeister,  460 
Ixodei,  Dugds,  476 
Ixodes,  Latreille,  476,  484 

autumnalis ,  Leach,  485 

annulatus.  Say,  480 

bovis,  Riley,  480 

camelinus ,  Fischer,  486 

erinacei,  Audouin,  485 

hexagonus.  Leach,  485 

marmoratus,  Risso,  481 

reduvius,  L.,  and  Audouin,  281, 
284,  286,  485 

reiiculaius,  Fabricius,  481 

ricinus,  L.,  142,  328,  484 

yufus,  Koch,  479 

sanguineus ,  Latreille,  479 

sexpunctatus ,  Koch,  485 
Ixodida,  Kiichenmeister,  460 
Ixodidis,  Gerstacker,  460 

Murray,  468,  476 

Marx,  477 
Ixodidea,  Koch,  477 
Ixodincs,  484 

Salmon  and  Stiles,  477 

Trouessart,  476 
Ixodides,  Leach,  460 

M6gnin,  460 
Ixodini,  Canestrini  and  Fanzago,  476 
Ixodioplasma,  Schmidt,  281 
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Ixodioplasma,      specificum      bovum, 

Schmidt,  285 
Ixodoidea,  Banks,  140,  152  ref.,  459, 

460,  495  ref. 

Jacobabad  tables,  23,  28,  30 
Jaculus  gordoni,  320,  326 

jacilis,  136 

onentalis,  326 
Jalousies,  73 
Jamaica,  disease  in,  80 

dogwood,  118 
Jaman  dyscharagan,  1 1 1 1 
Japan,  disease  in,  82 
Japanese  medicine,  2 

river  fever,  288,  488,  717 
Jatropha  areus,  119 

curcas,  L.,  99,  103  • 

manihoi,  L.,  108 

poisoning,  119 
Jaundice,  10 13 

infectious,  81 
J  aval,  eau  de',  146 
Jejen  (Cuba),  541 
Jelly-fishes,  129 
Jerboa,  136 
Jesuits'  bark,  7 
Jewish  medicine,  4 
Jigger,  203,  582,  737,  1 109 
Journals,  modern,  16 
Judam,  7 
Ju-ju,  I 
JulidcB,  456 
JuUformia,  45,6 
Julus  londinensis ,  Leach,  456,  926 

marginatus,  228 

terrestris,  L.,  456 
Jumpers,  1063 
Jungle  fowl,  749 
Jupiter,  I 
Jura- tree,  103 
Juxta-articular  nodules,    1137,    1139 

ref. 
Juzam,  7 

Kachuga  tectum,  Gray,  ^ly 

Kafindo  disease,  912 

Kaki-lem-but,  886 

Kakke,  886 

Kala-azar,75,  77,81,274,278,308,672 

aetiology  of,  725 

blood  in,  726 

chloasma,  11 64 

climatology  of,  725 

complications  in,  728 

definition  of,  724 

diagnosis  of,  728 

history  of,  724 

infantile,  730 

morbid  anatomy  of,  726 

pathology  of,  725 


Kala-azar,  prognosis  in,  729 

prophylaxis  of,  730 

references,  731 

symptomatology  of,  726 

treatment  of,  729 
Kalawa,  2 

Kaltesfieber  malaria,  631 
Klang,  prophylaxis  at,  685 
Kamerungeschwulste,  1046 
Kandy,  temperature  tables,  32 
Kaposi's  disease,  71 
Kara  Kist  (Russia),  137 
Karabin,  103 
Karang  gatal,  130 
Karawala  (Ceylon),  188 
Karyolysins,  319 

Kasauli,  Pasteur  Institute  at,  196 
Katayama  disease,  375,  810,  811,  812 
Kathiawar  palm-squirrel,  326 
Katipo  (N.  Z.),  137 
Kaumpuli  (Uganda),  778 
Kawa,  loj 
Kawain,  105 
Kedani  disease,  488,  717 
Keerengrah,  1050 
Kenyah  tribe,  116 
Kerandel  symptom,  744 
Keratitis  punctata  leprosa,  845 
Keratoma  plautaris  sulcatum,   1136, 

1 1 38  ref. 
Kernig's  sign,  93 
Kerosene  emulsion,  722 
Kertiszia,  Theobald,  532 
Kesari  dal,  123 
Khamsin,  40 
Khi  (Siam),  1079 
Kho-sam  powder,  983 
Killa,  I 

Kineto-nucleus,  208,  248 
Kirudeo,  1050 
Kiso  (larva),  571 
Klinophilos,  Kirk,  505 
Klossia,  A.  Schneider,  318 
Klossiella,  Smith  and  Johnston,  318 
Knokkelkoorts,  752 
Knowledge,  primitive,  of  medicine,  i 
Koch- Weeks  bacillus,  572 
Kombi  arrow-poison,  113 
Komlah  (Terai),  147 
KonjeMarree,  732 
Koo-doo,  259 
Koormat  (fish),  159 
Koplik's  spots,  805 
Kosharriddki,  827 
Kota-wen  (China),  778 
Krabbea,  R.  Blanchard,  385 
Krait  (Ceylon),  170,  188 
Kreotoxismus,  122 
Kruse's  serum,  1000 
Kubisagari,  1059 
Kunteb  (fly),  543 
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rrakau,  860 
runegala  fever,  63 1 
ulcers,  1069 
an's  fluke,  Heanley,  361,  376  ref., 
25,  928 
ass  arrow-poison,  115 

I  La-negulo,  y^i^ 
jorrague's  solution,  983 
■erta  agilis,  L.,  229,  328 

muralis,  Laveran,  328 

muraria,  228 

ocellata,  Daud.,  328 

viridis,  Laur.,  228,  328 
•.ertilia,  199,  202  ref. 
'-hesis  anamellensis ,  Gthr.,  173   178, 
181 

bite  of,  190,  191 

flavoviridis,  Hallow,  181 

gramineus,  Shaw,  193-4 

lanceolatus ,  Lacep,  173,  175,  181 

mutus,  327 
^hnosterna  arenata,  446 
mopsylla,  585 

cheopis,  Rothschild,  14,  587,  589, 
590 

cleopatvcB,  320 
£fe  (fish),  159 
%enaria  vulgaris,  Ser.,  100 
%opus  scoticus,  243,  246 
hore  sore,  280 
langola,  732 
mblia,  R.  Blanchard,  230 

intestinalis ,  Lambl,  10,  230,  925, 
928,  98s 
Blanchard,  230 
mb's  sera,  193 

polyvalent  serum,  194 
nd  wind,  39 
nghan's  cells,  841 
nkesteria,  Mingazzini,  316 
nkesterella,  320 

ranarum,  Labbe,  328 
nthonotus  borneensis ,  200 
roche  virus,  591 
rva  migrans,  1107 
sianthus  flavescens,  Korth.,  1 1 5 
siosiphon  eriocephalus,  Decne,  100, 
117 

speciosus,  Decne,  107 
tah,  1060 
tent  malaria,  609 
thirismo,  123 
thyrin,  124 
thyrism,  122-3 
thyrismus,  123,  128  ref. 
thyrus  aphaca,  123 

cicera,  L.,  123 

clymenum,  123 

sativus,  122-3 

tuberosus,  123 


Latrines,  937 

Latrodectus  mactans,  i^y,  139 

scelio,  137,  139 
Laurer's  canal,  350 
Laverania,   Grassi  and   Feletti,   289, 

743 
Laveran,  235 
danilewskyi,  Grassi  and  Feletti, 

297 
malarim,  Jannesco,  296 

Grassi  and  Feletti,  299,  63 1 , 
650,  660,  692,  984 
ranarum,  Grassi,  328 
Laveranic  dysentery,  984 
Lazopus  scoticus,  242 
Lead,  in  abortion,  107 

oxide,  no 
Lebbra,  835 
Lecithide,  134 
Leech,  the,  273,451,919 
Leg,  elephantiasis  of,  827 
Leguminosie,  gg,   103,  no,  H2,  115, 

H7 
Lehedanpachanai,  974 
Leipsic  papyrus,  4 
Leishman-Donovan  parasite,  207 
Leishmania,  Ross,  277,  312  ref. 

donovani,  Ross,  and  L.  and  M., 

14,  278,  508,  984,  1012,  1025 
infantum,  Nicolle,  278,  281,  10 12 
tropica,  Wright,  278,  280,  iiii, 

1113 

wrighti,  NichoUe,  1 1 1 3 
Leishmanic  dysentery,  984 
Lelaps  echidninus ,  321,  323 
Lenses,  9 
Lentigo,  11 64 
Leomopsylla  cheops,  783 
Leontiasis,  843 
Lepidophyton,  1083 
Lepidoptera,  147,  153  ref. 
Lepra  italica,  906 

maculo-anassthetica,  843 
•    tuberculosa,  843 
Lepre,  la,  835 
Leprolin,  852 
Leprosy,  6,  10,  15,  77,  79,  201,  835 

aetiology  of,  837 

Bible,  5 

climatology  of,  837 

complications  in,  85 1 

definition  of,  835 

diagnosis  of,  851 

eye  lesions  in,  843 

history  of,  835 

maculo-anaesthetic,  848- 

mixed,  850 

morbid  anatomy  of,  841 

pathology  of,  840 

prognosis  in,  851 

prophylaxis  in,  853 
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Leprosy,  references,  853 

symptomatology  of,  842 

synonyms  of,  835 

treatment  of,  852 

tubercular,  843 

urine  in,  847 
Leprotic  fever,  843 
Leptididts,  549 
Leptis  scolopacea,  L.,  549 

strigosa,  Meigen,  549 
Leptodera,  Dujardin,  404 

annulata,  L.,  169 

intestinalis  et  stercoyalis,  Cobbold, 
404 

niellyi,  Blanchard,  403 

pellio,  Dujardin,  404,  447  ref. 
Leptotheca,  329 
Leptothrix,  1106 
Leptus  americanus ,  Riley,  487 

autumnalis,  Shaw,  487 

irritans,  Riley,  487 
Lepus  cuni cuius,  L.,  268 
LesseHia  annularis,  1 10 
Letargia  dei  Negri,  732 
Lethal  dose,  snake- venom,  185 
Leuciscus  -rythrophthalmus ,  272 
LeucocytozoidcB ,  242   312  ref. 
Leucocytozoon     benstnieffi,,    Sambon, 
246 

danilewshyi ,  Ziemiann,  242-6 

macleani,  Sambon,  246 

majoris,  Laveran,  246 

mansoni,  Sambon,  246 

muris,  Balfour,  323 

neavi,  Balfour,  246 

sakharoffi,  Sambon,  246 

smithi,  Laveran  and  Lucet,  246 

toddi,  Sambon,  246 

uvati,   Sambon   and   Seligmann, 
246 

ziemanni,  Luhe,  243,  244 
Leucoderma,  69,  1090,  1104,  1142 

aetiology  of,  etc.,  1143 
Leucolysins,  176,  182 
Leucopathia,  1 142 
Leucoplakia,  1165 
Leukaemia,  "jQ,  yj,  1024 
Leydenia,  214 

gemmipara,  Schaudinn,  215,  224, 
232  ref. 
Lice,  143,  501 
Lichen  convex,  1135,  11 38  ref. 

pilaris  convex,  Castellani,  1135 

planus,  1 1 59 

spinulosus,  1159 

tropicus,  1 140 

urticatus,  1155 
Lichtheimia    corymbifera,    Vuillemin, 
S97-8 

ramosa,  Vuillemin,  598 
Light,  dermatitis  from,  67 


Light,  disease  from,  71 
effect  of,  66 

harmful  influences  of,  67 
prophylaxis,  72 
skin  irritation  from,  68 
stimulative  influence  of,  67 
vascular  modification  from,  7 1 

Ligula  mansoni,  Cobbold,  386 

Ligulinis,  384,  388,  399  ref. 

LUiacetz,  99,  102,  118 

Lilla  viridis,  135 

LimacodidcB,  147 

LimatincB,  Theobald,  540 

Limaius,  540 

Limax  agrestis,  229 

Limnatis,  Moquin-Tandon,  454 
africana,  R.  Blanchard,  454 
granulosa,  Savigny,  454 
maculosa,  Grube,  454 
mysomelas,   Serulias  and  Virey, 

454 

nilotica,  Savigny,  454 
Limnobdella,  R.  Blanchard,  455 

australis,  Besisto,  45  5 

grandis,  R.  Blanchard,  455 

mexicana,  R.  Blanchard,  455 
Lingua  nigra,  1165 
Linguatula,  Frolich,  491 

rhinaria,  920 

serrata,  Frohlich,  491,  494 

tmnoides,  Lambinet,  491 
Linguatulida ,  490,  496  ref. 

armillatus,  Wyman,  492 

constrictus,  Bruner,  492 
Lingula  mansoni,  17 
LinntBus  humilis,  Say,  359 

oahuensis,  359 

trunculatus,  Miill.,  359 

viator.  Orb.,  359 
Liotheince ,  504 
Liparidte,  147 
Lipoptena,  Nitsch,  574 
Lips,  pseudo-colloid  of  the,  1165 
Lisbon  School,  15 
Lissoflagellata,  Lankester,  226 
Lister  Institute  serum,  1000 
Lithobiidce ,  494 

Lithobius  forficatus.  Leach,  316,  494, 
920 

melanops,  494,  920 
Liver  abscess,  75,  79,  1023  ref. 

cirrhosis  of,  670 

disease  of,  10 11 

entamoebic  abscess  of,  10 15  {vide 
Entamoebic  abscess) 

rupture  of,  1013 

soup,  946,  953 

tropical,  1013-4-5,  1023  ref. 
Liverpool  School,  15 

virus,  591 
Lizards,  venom  of,  199 
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irds,  trypanosomes  of,  270 

!,  Stiles,  407,  421 

ich,  the,  273 

:al  winds,  39 

;omotor  ateixia,  77,  1059 

>elia  nicoiianee  folia,  Heyne,  100 

3ster-claw  plant,  529 

mpoe,  886 

mopsylla  cheopis,  578,  580,  586 

•aniaces,'^g,  104,  112,  115,  117 

iin,  125 

iismus,  122,  125 

ium  temulentum,  122,  124-5 

[idon  School,  :  5 

,00  mama  ' '  (wind) ,  9 1 

bkophyton  gallincB,  Megnin,  6 1 2 

'jhoscelomyia,  Theobald,  532 

ta  (disease),  1097 

'a  vulgaris  (fish),  385 

tic  calcii  sulphurati,  1079 

tion,  salicylic-spirit,  1 141 

w  intermittent  non-malarial  fever, 

798,  807  ref. 

wenthal's  reaction,  703 

xa,  7 

cilia,  Robineau-Desvoidy,  569 

ccBsar,  L.,  569,  927 

macellaria,  R.-D.,  569 

mominivorax ,  Coquerel,  569 

nobilis,  Meigen,  569 

regina,  Macy,  569,  927 

sericata,  569 
es,  778 

mbar  puncture,  technique,  744 
mbricus  agricola,  316 

canis,  Werner,  443 

terrestris,  315,  404 
nd's  larva,  570 
ngs,  aspergillosis  of,  617 

mucormycosis  of,  599 
pani  tono  (Samoa),  855 
pus   endemicus,   Lewis   and   Cun- 
lingham,  1 1 1 1 
stig's  serum,  789 
'^opsylla,  585 
;oi3  singoriensis ,  Luxman,  138 

tarantula,  L.,  140 
-Aocoris  campestris,  Fabricius,  510 
%cBidcB,  510,  511  ref. 
%iBUS  militaris,  275 
mph  scrotum,  414,  824 
mphatic  system,  diseases  of,  1039 

varix,  824 
mphangiomata,  11 60 
mphangioplasty  (Handley),  831 
mphangitis,  420,  815,  1042 
mphococcus,  819 
mphodermia  perniciosa,  1161 
nchia  brunea,  242 

maura,  242 
perosia,  Rondani,  558 


Lyperpsia  irritans,  L.,  558 

minuta,  Bezzi,  558 

punctigera,  Austen,  558 
Lyscemia,  692 
Lytta  ruficeps,  150 

villata,  150 

Mabinzu  (larva),  571 

Macacus  cynomolgus,  L.,  298,  11 19 

nemestrinus ,  L.,  298 

pileatus,  227,  288 

rhesus,  331-2 
Machoira  (fish),  159 
Macrobdella,  Verrill,  455 

sestertia.  Whitman,  455 
Macroconidia,  594 
Macrogamete,  211 

Macrogametocyte,  211,  235,  245,  291 
Macrogaster  platypus,  Miescher,  490 
Macromerozoites,  322 
Macronucleus,  208 
Macropsylla,  585 

hercules,  Roth.,  586 
Maculo-anaesthetic  leprosy,  848 
Madarosis,  844 
Mador  (Hind.),  106 
Madura  foot,  10,  620,  815,  1050 
Madurella,  Brumpti,  621 

mycetoma,  Laveran,  621,  1051-2 
McBsa  indica,  Wall,  1 1 7 
Magberi  (Sierra  Leone),  109 
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amination, 651 

morbid  anatomy  of,  649 

mosquito,  the,  636 

nursing  of,  679 

parasite,  640 

pathology  of,  643 

Poissou-Pearson  formula,  640 

Polynesia,  642 

predisposing  causes,  640 
personal,  641 
meteorological,  641 
racial,  641 

prognosis  in,  671 
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Maltose  agar,  Sabouraud's,  606 
Mammalia,  200,  202  ref. 
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Map,  world,  Supan's  lines,  19 
Marasmus,  79 
Marechal's  reaction,  693 
Margaropus,  Karsh,  479 
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[arsh  fever,  631 
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[asked  malaria,  669 
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major,  L.,  99 
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!elung,  1 144,  1150  ref. 
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Castellani's,  744 

absorption,  966 
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disease,  458 

tick  fever  of,  72 1 
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Microfilaria,    Le   Dan  tec,    407,    408, 
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bancrofti,  415,  424 
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Pfander,  310 
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Microsporoides,  Neveu-Lemaire,  624 

minutissimus ,    Burchardt,    624, 
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furfur,  Ch.  Robini,  625 
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mansoni,  Castellani,  627 
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minutissimum,  Burchardt,  624 
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Minchinia,  Labbe,  318 
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Midday  heat,  73 
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Miliary  fever,  699 
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supply,  950 
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Miners'  anaemia,  931 
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Minnow,  272 

Miniopterus  schrenbersii ,  269 
Miracidium,  350,  355,  812 
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Monas,  Stein,  228 
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corymbifer,  Colin,  597 

crustaceous  albus,  Link,  613 

mucedo,  L.,  597 
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589,  590-1,  781 

rattus,   L.,    256,    320,   427,    587, 

589,  590,  781-3 
alexandrinus,  389,  590 
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rhodesiensis ,  Theobald,  534 
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bovis,  R.  Blanchard,  619 
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juxta-articular,  11 37 
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(New  Granada),  552 
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ursing,  malaria,  679 
iitmegs,  109 
iitrition-nucleus,  208 
ux  vomica,  96,  no  [536 

yssorhynchus,  Blanchard,  531,  532, 

diagnostic  table,  536 

lutH,  Theobald,  531 

stephensi,  Liston,  531 

theobaldi,  Giles,  531 
ycteribidcB,  574 
yctotherus,  Leidy,  338,  342 

africanus,   Castellani,    340,    343, 
344  ref.,  925 

faba,  Jakobi  and  Schaudmn,  340, 
342,  344  rel,  925,  928 

giganteus,  P.   Krause,   340,   343, 
344  ref.,  925,  928 

Dermeyer's  relapsing  fever,  506 
;hindundu,  509 
;hipia  (Angola),  147 
■hisia,  150 

hromyia   anthropophaga,   E.    Blan- 
chard, 569 
lontopsyllus     charlottensis ,     Baker, 

586-7 


Odontopsyllusielegoni,  Roth.,  586 
CEcacta  fur  ens,  Poey,  541 
(Bestrides,  550,  575  ref. 
CEstromya  satyrus,  1 108 
CEsophagostoma,  Molin,  440 

brumpti,    Railliet    and    Henry, 
440,  986 
Oidium  albicans,  Robin,  600 

furfur,  Zopf,  625 

porriginis,  Montague,  6 1 1 

schoenleini,  Lebert,  611 

subtile,  Kotliar,  625 

tonsurans,  Zopf,  607 

(?)  Gilchrist  and  Stokes,  603 
Oidomycosis,  1093 
Oil,  bamber-green,  685 

of  sassafras,  722 
Oils  in  snake-bite,  198 
Oleander,  white,  103 
Olfersia,  Wiedemann,  574 
Oligosporogenea,  Doflein,  330 
Omens,  i 
Onchophora,  456 
Onchorhynchus  perryi,  385 
Onchosphere,  380 
OnicomycosiS)  594 
Onyalai,  912 

aetiology  of,  913 

definition  of,  912 

diagnosis  of,  912 

history  of,  912 

prognosis  in,  913 

references,  914 

symptomatology  of,  913 

treatment  of,  913 
Onychogryphosis,  1165 
Onychomycosis,  1165 
Oocyst,  294 
Oogonium,  595 
Ookinete,  211,  237,  293 
Oomycetes,  596 
Oordh  dal,  123 
Oospheres,  595 

Oospora    asteroides,    Sauvageau    and 
Radais,  620 

bovis,    Sauvageau    and    Radais, 
619 

canina,  Costantin  and  Sabrazes, 
612 

porriginis,  Saccardo,  611 

tozenri,  NicoUe  and  Pinoy,  612, 
1052 
OosporacecB,  ^96 
Oosporangium,  595 
Oospores,  595 
Operation,  elephantiasis  scrotum,  832 

lymphangioplasty,  831 
Ophidia,  201  ref. 

trypanosomes  in,  270 
Ophidismus,  166 
Ophiotoxin,  176 

76 — 2 
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Ophryocystis,  Schneider,  315 
Opilajao,  433,  749 
OpilioacaridiB,  459 
Opiliones,  457 
Opisthoglypha,  169 
Opistkorchis,  R.  Blanchard,  354,  362 
felineus,  Rivolta,  352,  362-3,  377 

ref.,  377,  1021 
noverca,  Braun,  352,  362-3,  377 

ref.,  102 1 
pseudo-felineus ,  363 
Opisthorchiosis,  102 1 
Opium,  99,  104,  106 
Opsonin  treatment,  775 
Orchiotomy,  1038 
Orchitis,  815,  1032 
Ordeal,  trial  by,  no 
Organic  poisons,  99 
OribatidiB,  459 

Oriental  plague,  5  {vide  Plague) 
Oriental  sore,  12,  1,111 

aetiology  of,  1112 

communicability  of,  11 14 

definition  of,  1 1 1 1 

diagnosis  of,  11 16 

geographical  distribution  of, 

IU2 

history  of,  nil 

histo-pathology  of,  11 14 

prognosis  in,  1 1 1 7 

prophylaxis  of,  11 18 

references,  11 29 

symptomatology  of,  11 14 

synonyms  of,  1 1 1 1 

treatment  of,  1 1 17 
Ornithodoros,  Koch,  471 

tsqualis,  Neumann,  471 
canestrinii,  Birula,  472,  475 
coriaceus,  Koch,  472,  475 
eyyaticus,  Lucas,  472,  475 
furcosus,  Neumann,  472,  475 
lahorensis,  Neumann,  472,  475 
megnini,  Dugds,  467,  472 
milians,  Karsch,  475 
morbillosus,  Gerstacker,  472 
moubata,  Murray,   13,   142,   306, 
309,  415,  458,  467,  472-3,  509, 
707 
pavimentosus ,     Neumann,     472, 

475 
savignyi,  Audouin,  463,  472 

var.    cescus,    Neumann, 

473 
talaje,  Guerin-Meneville,  142,  475 
tholozani,  LaboulbSne  and  Meg- 

nin,  467,  472,  475 
turicata,  Dug^s,    142,  467,   472, 
707 
Oynithomyia  lazopodis,  242 
Ornithorhyncus  paradoxus,  200 
Oro  (Sierra  Leone),  99 


Oroya  fever,  877 

Orpiment  and  atoxyl  treatment,  747 

Ortholfersia,  574 

Orthorrapha,  514 

Os   calcis,   endemic   enlargement   of, 

1050 
Osciilaria,  Laveran,  289 
Oscinida,  Latreille,  572,  576  ref. 
Oscinus,  Latreille,  572 
Ostariophysi,  156 
Osteoplastic  periostitis,  1049 
Osteotcemus  tetraspis,  Cope,  326 
Ostrea  angulata,  230 

edulis,  230 
Otitis  media  (fungi  of),  602 
Otomucormycosis,  598 
Otomycosis,  594,  598,  616,  622 

aspergillina,  617 

tropical,  622 
Ouabain,  113 

Ouabaio,  arrow-poison,  113 
Ourang-outang,  297,  11 19 
Ourari,  1 17 
Ovaenyo,  disease,  573 
Ovambo  tribes,  114 
Overfeeding,  danger  of,  49 
Ovoplasma    orientale,    Marzinowsky, 

1113 
Ovovitellin,  182 
Owl-midge,  566 
Oxygen,  in  heat-stroke,  94 
Oxyphile  cells,  134 
Oxyuriasis,  941 
Oxyuris,  Rudolphi,  4,  444 

vermicularis ,  L.,  204,  407,  444, 
450  ref.,  926,  941 

Pachydermia  hernia  carnosa,  827 
Pachyrhizus  angulatus,  Rich,  117 
Pachyrrhizid,  118 
Padda  oryzivora,  270 
Pakitzar,  974 
PalamiBus  indus,  133 
Palisota  barteri,  Benth. ,  115 
Palm-leaf  horoscope,  i 
Palpigrada,  457 
PaJudism,  631 
Paludismo  malaria,  631 
Pamperos,  40 

Panama,  prophylaxis  in,  686 
Pancreas,  disease  of,  ion 
Pancreatitis,  1013,  1023  ref. 

chronic,  949 

haemorrhagic,  666 
Panduroga,  433 
Pangonia,  Latareille,  548 

rostrata,  Latreille,  549 

rupelli,  549 

varicolor,  Wiedmann,  549 
Panneuritis  endemica,  886 
Pannus  carateus,  Alibert,  1097 
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anopHtes  africanus,  413,  415 
ansporoblasts,  209,  330 
'antostomina,  226 
apataci  fever,  542,  797 
'apaver  somniferum,  99 
apilloma  inguinale  tropicum,  11 29, 
H31  ref. 

apio  sphinx,  1048 
apyrii,  Berlin,  4 

Ebers,  4 

Egyptian,  4 

Leipsic,  4 
arachordodes   alpestris,   VUlot,   445, 
926 

pustulosus ,  Baird,  445,  926 

tolosanus,  Dujardin,  445,  926 

violaceus,  Baird,  445,  926 
aradysentery,  997 
aradysenteric  bacillus,  987 
arafuchsin,  746 
aragonimiasis,  205,  368,  808,  814  ref. 

Musgrave  on,  808 
aragonimus,  Braun,  354,  366 

westermani,    Kerbert,     17,    205, 
346,  352,  366,  377  ref.,  808,  922 
aragordius    cinctus,    von    Linstow, 
44S.  926 

tricuspidatus ,  Dufour,  445,  926 

varius,  Leidy,  445,  926 
arakeratosis  variegata,  1159 
araleprosis,  851 
aramastigoda,  227 
arametritis,  999 
aramosba,  Greef,  214,  223 

eilhardi,  Schaudinn,  223 

hominis,  Craig,  223,  232  ref.,  925 
aramoeciodes  costatus,  Grassi,  270 
aramoecium  aurelia,  339 

coli,  Malmsten,  341 

costatum,  Mayer,  270 

loricaium,  Mayer,  270 
iramphistomidce ,  FischcEder,  351-2, 
376  ref. 

iramphistominm ,  352 
iramphistomum,  352 

cervi,  350 

waisoni,  Conyngham,  353 
irangi  (Ceylon),  855 
irapestis,  1040 
iraplegia  mephitica,  886 

spastic,  123 
irapsyllus,  585 
irasites,  animal,  203 

chance,  205 

disease  from,  80 
Leishman-Donovan,  207 
malarial,  290 
periodical,  204 
permanent,  204 
stationary,  203 
temporary,  203 


Parasitic  diseases,  1 1 5  5 

protozoa,  10 
Parasitism,  chance,  347 

true,  347 
Parasyphilitic  diseases,  77 
Paratyphoid  fever,  yy,  802 
Panodontis,  584 
Paris  School,  15 
Parotid  buboes,  998 
Parthenogenesis,  211,  212,  292 
Parus  major,  246 
Pascha-churdj,  mi 
Paspalismus,  122,  126,  128  ref. 
PaspaluM  scroticulatum,'L.,  100,  122, 

126 
Pasteur-Chamberland  B.  bougie,  761 
Pasteur  Institute's  sera,  196,  1000 

virus,  591 
Patek  (Dutch  Indies),  855 
Pathometry,  Ross,  639 
Pattini,  goddess,  2 
Paullinia  pinnata,  L.,  99,  104,  117 
Pauloixodes,  Berlese,  477 
Paulonnia  imperialis,  721 
Pavus  major,  209 
P^brine,  33,  33° 
Pechadi,  127 
Pectinifera,  457 
Pectobothrii ,  Burmeister,  351 
PediculidiB,  501,  511  ref. 
Pediculus,  415 

capitis,  De  Geer,  502 

cervicalis,  Latreille,  502 

corporis,  De  Geer,  503,  705 

humanus,  L.,  502 

inguinalis ,  Reichard,  503 

pubis,  L.,  503 

tabescentium,  Alt.,  503 

vestimenti,  Nitsch,  503 
Pediculoides  venl  ricosus ,  Newport,  488 
Pediculosis  capitis,  11 56 

corporis,  1 1 56 

pubis,  1156 
Pedipalpi,  133,  138,  457 
Pelargonium  flabelli folium,  1002 

tuberosa,  1C02 
Pellagra,  71,  81,  906 

aetiology  of,  906 

climatology  of,  906 

complications  in,  91 1 

definition  of,  906 

diagnosis  of,  911 

history  of,  906 

maize  theory  of,  907 

morbid  anatomy  of,  909 

pathology  of,  908 

prognosis  in,  911 

prophylaxis  of,  911 

protozoan  theory  of,  908 

references,  913 

symptomatology  of,  909 
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Pellagra,  synonyms  of,  906 

treatment  of,  911 
Pellote,  106 

Pelodera  pellio,  Schneider,  404 
Pelor  filamentosum,  Cuv.,  156-7 
filamentosus,  158 
japonicum,  164 
Peltogaster  curvatus,  215 
Pemphigus,  1068 

contagiosus,  1068,  1073  ref. 
foliaceus,  1156 
vegetans,  1156 
Pendjeh  ulcer,  1 1 1 3 
Peniciliosis  of  hairy  parts,  1097 
PenicilHum,  Link,  615 

barbiz,  Castellani,  614,  1097 
bouffardi,  Bouffard,  614 
crustaceum,  Link,  613 
expansum,  Link,  613 
glaucum,  Link,  613,  908 
minimum,  Siebenmann,  614 
montoyai,  Castellani,  614,   1099, 

1 102 
pruriosum,  Salisbury,  614 
Pentastoma  denticulatum,  491 

tmnioides,  Rudolphi,  491  ' 

Pentastomum  contrictum,Yon  Siebold, 
492 
diesingi,  Beneden,  492 
euryzonum,  Diesing,  492 
leonis,  Weddell,  492 
polyzonum,  Harley,  492 
protelis,  Hoyle,  492 
Pepper,  black,  107 
Perca  fluviatilis,  385 
Perchloride  of  mercury,  98 
Perciformes,  156 
Perical,  815,  827,  1051 
Pericarditis,  1024 
Perilymphangitis,  421,  1042 
Periodic  variations,  temperature,  26 
Periodical  winds,  36-7 
Peripheral  neuritis,  998 
Periplaneta  americana,  392 

orientalis,  392 
Periplast,  230 
PerisporiacecB,  613 
Peritonitis,  754 
Perleche,  1165 
Perl's  case  (eimeria),  319 
Permanent  winds,  36 
Perneiras  (Brazil),  886 
Pernicious  anaamia,  93 
fever,  algide,  663 
amaurotic,  665 
aphasic,  665 
ataxic,  666 
bulbar,  666 
cerebellar,  666 
choleraic,  666 
comatose,  664 


Pernicious  fever,  delirious,  665 
diaphoretic,  663 
dysenteric,  666 
eclamptic,  665 
gastro-intestinal,  666 
haemorrhagic,  664 
hemiplegic,  665 
local  symptoms  of,  664 
meningitic,  665 
scarlatiniform,  664 
subtertian,  663 
tetanic,  665 

with  cardiac  symptoms,  667 
with  pulmonary  symptoms, 
667 
malaria,  87 
Peru,  balsam  of,  721 
Peruvian  wart,  876 
Pes  febricitans,  827 
Peste,  die,  778 

la,  778 
Pestilences,  2 

as  punishments,  i 
Pestis,  778 

americana,  758 
minor,  1040 
Peyottl,  106 

Pfeifferia  pinceps,  Labbe,  3 1 8 
PfeiSer's  glandular  fever,  802 
reaction,  989 
test,  966 
Phcenocystes,  Gurley,  329 
Phagedaena  tropica,  1 1 18 
Phagocytosis,  210 
Phailixodes  rufus,  479 
Phanerogamia,  594 
Phasianus  colchicus,  243,  246 
Pheophycets,  593 

PhilcBmatomyia  insignis,  Austen,  573 
PhiliBmon  grandidieri,  R.  Blanchard,- 
456 
pungens,  R.  Blanchard,  456 
Philippine  Islands  arrow-poisons,  116 
PhilopterineB ,  504 
Phlebitis  of  the  cord,  103  5 
Phlebotamus,  Roudaui,  542 

dubosqui,  Neveu-Lemaire,  542 
minutus,  Rondani,  542 
papatasii,  Scop.,  542,  797 
Phlegmasia  malabarbarica,  827 
Phleum  pratense,  L.,  620 
Phcenix  reclinata,  ; 
Phonergates  bicoloripes,  Stal,  143,  458, 

509 
Phopalopsylla,  585 
Phora  femorata,  566 
Phoxinus  lisvis,  272 
Phrenitis,  88 
Phthirius  inguinalis,  Leach,  503 

pubis,  L.,   and    Kiichenmeister, 
S03 
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'hthisis,  3,  75,  77-8 1 

'hy corny cetes,  596 

'hyla,  212 

'hylum  Arthropoda,  132 

^hysdlia  pelagica,  1 30 

^hysalopiera,  Rudolphi,  440 

Caucasia,  von  Linstow,  441,  449 
ref.,  925 

mordens,  Leiper,  441,  925 
'hysic  nut,  103 
'hysical  causes  of  disease.  85 

conditions,  15 

heat  regulation,  50 
'^hysoclisti ,  i;6 
^hysogaster    larvarum,    Lichtenstein, 

488 
PhysosHgma  venenosum,  Balf.,  no 
Physostomi,  156 

Phytobdella    meyeri,    R.    Blanchard, 
456 

moluccensis ,  R.  Blanchard,  456 
?ian,  855 
Pica  pica,  246 
Piedra  (Columbia),  623 

nostras,  1105 

ponsona,  198 
Pigmentation,  68 
Pigmy  tribe,  1 1 4 
Pigs,  poisoning  of,  124 
Pike,  38s 

Pilocarpin  nitrate,  108,  954 
Pimple,  856 
Pineapple,  unripe,  107 
Pinta,  1097 

aetiology  of,  1098 

black,  612 

climatology  of,  1098 

cultures  of,  iioo 

definition  of,  1097 

diagnosis  of,  1103 

history  of,  1098 

inoculation  experiments  in,  1 100 

predisposing  causes  of,  1 100 

prognosis  in,  1 104 

red,  613 

references,  1 106 

symptomatology  of,  1 1  o  i 

synonyms  of,  1097 

treatment  of,  1104 

varieties  of,  614 

clinical,  of,  1102 

white,  622 
Pin  worm,  444 
°iper  methysticum,  Forst,  105 

nigrum,  L.,  107 
PiperacetB,  105 
Pirit,  2 
°iyoplasma,  L.  and  M.,  277 

Patton,  281 

annulatum,   Dschunkowsky  and 
Luhs,  286 
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Piroplasma,  bigeminum,  BabSs 
Patton,  285 

canis,  P.  and  G.  V.,  281 

donovani,  12 

equi,  Laveran,  287 

mutans,  Theiler,  286 

ovis,  Laveran,  286 

pitheci,  P.  H.  Ross,  287 

theileri,  286 

tropicum,  Wright,  11 13 
Pisces,  154,  165  ref. 
Pisciciola,  Blainville,  453 
Piscidia  erythrina,  L.,  11 7-8 
Piscidin,  118 

Pisciola  geometra,  272,  273 
Pita  (Bowditch  Island),  10S3 
Pittosporece,  117 
Pittosporum  densiflorum,  Puttal,  1 1 7 

samboni,  Castellani,  1 1 5  8 
Pityriasis  alba,  625 

nigra,  Castellani,  1091 

rubra,  11 58 

pilaris,  11 59 

simplex  capitis,  625 

versicolor,  625,  1087,  1156 
iiava,  Castellani,  1087 
Pityrosporum,  Sabouraud,  625 

cantliei,  Castellani,  625 

malassezi,  Sabouraud,  625 

ovale,  Bizzozero,  625 
Placobdella,  R.  Blanchard,  453 

catenigera,    Moqu.    Tand.,    320, 
326-7 
Plagiomonas  urinaria,  Kiinstler,  228 
Plagiotominidce ,  Claparede  and  Lach- 

mann,  341 
Plague,  5,  6,  7,  10,  14,  80,  81,  778 

aetiology  of,  780 

climatology  of,  780 

definition  of,  778 

diagnosis  of,  787 

epidemiology  of,  77S 

fiery  serpents,  4 

history  of,  778 

morbid  anatomy  of,  784 

oriental,  5 

pathology  of,  783 

prognosis  in,  788 

prophylaxis  in,  789 

references,  792 

sequelae  of,  787 

symptomatology  of,  785 

synonyms  of,  778 

treatment  of,  788 

vaccines  for,  791 

varieties  of,  786 
Planets,  conjunction  of,  i 
Planobdella,  R.  Blanchard,  456 

molesta,  456 

quoyi,  456 
Planorbis  marginatus ,  370 
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Plants,  native  knowledge  of,  2 
Plasmodia,  743 

PlasmodidcB,  Liihe,  289,  313  ref. 
Plasmodium,  Marchiafava  and  Celli, 
289 
bovis,  Kolle,  298 
canis,  Castellani  and  Chalmers, 

298 
cynomolgi,  Mayer,  298 
danilewskyi,  Grass!  and  Feletti, 

297 
falciparum,  Blanchard,  299 
golgii,  Sambon,  296 
immaculatum,  Schaudinn,  299 
inui,  Halberstadter  and  Prowa- 

zek,  298 
kochi,  Laveran,  297 
majoris,  299 

malarits,  Laveran,  296,  631-2 
esions,  649 

quartanum,  Labbe,  296 
tertianum.,  Labbe,  294 
var.  quartana,  Celli  and  San- 

felice,  296 
var.    quotidiancB ,    Celli   and 
Sanfelice,  299 
monosoma ,  Vassal,  298 
murinum,  Dionisi,  298 
pithed,  Halberstadter  and  Prowa- 

zek,  297 
precox,  Doflein,  299 
relichum,  Sergent,  297 
simondi,  Castellani  and  Willey, 

299  . 

vassali,  Sambon,  298 

vaughani,  Novy  and  McNeal,  299 

vivax,   Grassi  and   Feletti,   210, 
219,  293,  294,  631-2,  650, 
657 
lesions,  650 

ziemanni,  Blanchard,  243  ' 

Plasmodromata,  Doflein,  213 
Plasmotomy,  209,  329 
Platodes,  Leuckart,  348 
Platterbsenkrankheit,  123 
Platybdella  solece,  Kroger,  328 
Platyhelmia,    Lankester,    Vogt,    131, 

151  ref.,  348,  376  ref. 
Platyhelminthes,  Gegenbaur,  348 

Minot,  348 
Platyhelminthic  dysenteries,  986 
Plehn's  reaction,  693 
Pleistophora,  Gurley,  330 
Plerocercoid,  380 
Plerocercus  proliferum,  Ijima,  386 
Pleurisy,  754,  1039 
Pleuritic  pernicious  fever,  667 
Pleurococcus  beigeli,  Rabenhorst,  623 
Plica,  1 1 64 
Plimmer's  salt,  746 
Ploto'ius  arab,  Forsk,  156-9 


Plumbagin,  107 

Plumbago  rosea,  L.,  107,  108 

zeylanica,  L.,  100,  107 
Pneumomycosis,  617 
Pneumonia,  76,  78,  79,  431 

malarial,  670 
Podelkoma,  1050 
Podogona,  457 
Poison-foot  (New  Zealand),  106 

-ivy  (U.S.A.),  118 

-pea  (Australia),  no 
Poisoning,  animal  food,  1 20 

cattle,  1 10 

criminal,  98 

lacquer,  1 1 8 

jatropha,  119 

snake,  166 

vegetal  food,  122 
Poisonous  foods,  120 
Poisons,  accidental,  108 

arrow,  in 

for  abortion,  99 

homicidal,  99 

infanticide,  99 

inorganic,  98 

mammalian,  118 

on  weapons,  in 

organic,  99 

rat,  118 

stupefying,  99 

suicidal,  99,  104 

to  simulate  injuries,  100 

used  against  man,  97 
in  fishing,  117 
in  hunting,  1 1 7 
in  trade,  118 
Poisson-Pearson  formula,  640 
Poisson's  formula,  640 
Polagarynum,  334 
Polarity  of  the  parasite,  248 
Pollaplasiogonei ,  E.  Blanchard,  381 
Polycystidea,  Stein,  316 
Polydesmidts ,  456 
Polydesmus  complanatus,  457,  926 
Polymastigina,  Blochmann,  226,  228 
Polymastigidcs ,  Biitschli,  228,  230 
Polymastix  melolontha ,  Grassi,  230 
Potymitus,  290 
Polyneuritis  endemica,  886 
Polypapilloma  tropicum,  855 
Polysporea,  Doflein,  329 
Polysporocyslidis,  Leger,  318 
Polysporogenea,  Doflein,  330 
Poly  stoma  tanoides,  Rudolphi,  491 
Polystomea,  Leuckart,  3  5 1 
Polytricha,  341 
Polyvalent  sera,  194 
Pompholyx,  1141 
Ponera,  146 
Ponos,  ion,  1022  ref. 
Pontobdella,  Leach,  453 


INDEX 


I20Q 


252,        271, 


Pontobdella,     muricata, 

273 

Poon  arrow-poison,  115 
Porocephalosis,  813,  814  ref. 
Porocephalus ,  Humboldt,  492 

armillatus,    Wyman,    492,    813, 
1012 

moniliformis,  Diesing,  494,  813 
Porokeratosis,  Mibelli  and  Respighi, 

US9 
Porospora  gigantea,  Schneider,  3 1 6 
Powsporidis,  Labbe,  316 
Port  Swettenham,  prophylaxis,  685 
Porthesia  chrysorrhoea,  147 
Portuguese  man-o'-war,  130 
Post-malarial  anaemia,  649 
Post-mortem  decomposition,  122 
Potass,  iodid.  in  yaws,  874 

permanganat.    in    arrow-poison, 
1 12-3 
in  fish- venom,  156 
in  snake-bite,  196 
Potu  flies,  542 
Pou  d'agonti  (Guiana),  487 
Pregnancy,  superstitions  of,  2 
Premature  birth,  79 
Prematurity,  76 
Pressure,  atmospheric,  32 
Prickly  heat,  1140,  1141 
Priests,  i 

Primitive  knowledge  of  medicine,  i 
Prionurus  amoureuni,  Savigny ,  133 

citrinus,  133 
Prison  fever,  802 
Proflagellata,  Dofiein,  301 
Proglottides,  378 
Prostatic  abscess,  1027 

hypertrophy,  1027 
Prostigmata,  487,  459 
Prostratio  tiierraica,  95 
Protargol,  11 17,  1123 
Proiarthropoda,  Lankester,  456 
Proteles  cristatus,  493 
Proteosoma,  Labbe,  289 

grassii,  Labbe,  297 
Proteroglypha,  169 
Protobasidia,  618 
Protogonoplasm  (Calkins),  334 
Protomerite,  315 
Protomonastigina,  226 
Protozoa,  129,  I5iref.,  205 

and  disease,  231  ref. 

classification  of,  212 

incertcs  sedis,  329,  334,  344  ref. 

parasitic,  discovery  of,  to 

pathogenicity  of,  206 

reproduction  in,  209 
Prurigo,  1155 
Pseudaspes  cana,  L.,  327 
Pseudechis,  167 

immunity,  192 


Pseudo-Addison's    disease,    malarial, 

669 
Pseudo-colloid  of  the  lips,  1 165 

dysentery,  989 
.  dysenteries,  1005 

gounod  of  Brumpt,  1048 

intestinal  sand,  925 

leukaemia,  76-7,  1024 

parasites,  205 

pelade  of  Brocq,  1:65 

tuberculosis  aspergillina,  617 
Pseudolfersia,  Coquillet,  574 
PseudonavicellEe,  315 
Pse'udophyllidea,  Carus,  381,  384 
Pseudorhabditis ,  Perroncito,  404 

stercoralis,  Perroncito,  404 
Pseudoscorpiones,  457 
Psilosis  linguffi  et  mucosae  intestini,  944 

pigmentosa  (Barbadoes),  949 
Psittacosis,  806,  807  ref. 
Psoriasis,  11 58 

Psorospermium  cuniculi,  Rivolta,  318 
Psorosperms,  329 
Psychoda  phcelwnoides,  566 
Psychodida,  542,  544  ref. 
Psychoneurosis  maidica,  906 
Psychophysical  effects  of  climate,  47 
Psylli  of  Africa,  192 
Pterois  antennata,  Bl.,  156-7-8,  163 
Pterostichus  niger,  445 
Ptomaine  poisoning,  122 
Ptychobothriides,  384 
Public  prophylaxis,  plague,  789 
Puccinia  rosea,  Corda,  622 
Puerperal  convulsions,  77-8 

diarrhoea  of  Bengal,  1038  ref. 

fever,  1032 
Puff-adder,  173 
Pulex,  L.,  415,  585,  587 

ater,  L.,  588 

brasiliensis ,  Baker,  589 

chsopis,  Rothschild,  589 

dugesi.  Baker,  588 

fasciatus,  Bosc,  256-7,  268 

gallincs,  Redi,  460 

goniocephalus,  Tasch,  268 

hominis,  DugSs,  588 

irritans,  L.,  388,  577,  586,  587-8, 

minimans  cutem  penetrans,  Cates- 

by,58i 
minutissimus      nigricans,      Bar- 

rifire,  581 
murinus,  Tiraboschi,  589 
pallidus,  Taschenburg,  589 
penetrans,  L.,  581 
philippinensis ,  Herzog,  589 
serraticeps,  413 
simulans,  Baker,  588 
vulgaris,  Rains,  588 
PulicidcB,  Stephens,  577,  583 
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Pulicide,  796 

Pulicincs,  Tiraboschi,  584 

Pulmonary  distomatosis,  808 

Pulvis  comitissae,  7 

Punaise  de  Miana,  470,  72 1 

Punkahs,  685 

Pupipara,  574,  576  ref. 

Purgatives  (abortion),  107 

Purpura,  11 54 

Puru  (Bornea),  855 

Purulent  folliculitis  of  the  legs,  1073 

Pyans  (Carib),  856 

Pyelitis,  1027 

Pygiopsylla  colossus,  Roth.,  586 

Pyogenic  infections,  11 53 

Pyonephrosis,  1027 

Pyosis  palmaris,  1071,  1073  ref. 

tropica,  1069,  1073  ref. 
Pyrenomycetes ,  613,  618 
Pyretophorus,  Blanchard,  532,  534 

ardensis,  Theobald,  531,  535 

aureosguamiger,  T.,  535 

austeni,  T.,  535 

chaudoyei,  T.,  534 

cinereus,  T.,  535 

costalis,    Loew,    413,    531,    535, 
637-8,  818 

elegans,  James,  535 

jeyporensis,  T.,  534 

Uucosphyrus ,  Donitz,  535 

marshallii,  T.,  535 

minimus,  T.,  534 

myzomy fades ,  T.,  534 

nigrifasciatus,  T.,  534 

nursei,  T.,  534 

palestinensis,  T.,  534 

pitchfordi.  Power,  531 

sergentii,  T.,  534 

superpictus,  Grassi,  534 
Pyroplasmosis  hominis,   Wilson  and 

Chowning,  712 
Pyrosoma,  Smith  and  Kilborne,  281 

bigeminum,  Smith  and  Kilborne, 
285 
Python  bivillatus,  493 

molurus,  L.,  327 

reticulatus,  Schn.,  327 

sebes,  492 

spilotes,  Lacep,  327 
Pyxinia  frenzeli,  Laveran  and  Mesnil, 
315 

Quarantine,  Mosaic,  5 
Quartan  fever,  5,  636 
double,  6 

rarer  forms  of,  657 
fevers,  654 
Quartana  duplex,  654 
simplex,  654 
triplex,  654 
Quicklime  (abortion),  107 


Quigila  (Brazil),  1148 
Quina-quina,  7 
Quinine  amaurosis,  666 

amblyopia,  674 

Bacelli's  formula,  677 

cacodylate,  681,  800 

duration  of  treatment,  679 

effects  on  man,  673 

on  malarial  parasites,  674 

Giemsa's  mixture,  677 

in  heat-stroke,  94 

intravenous  injection  of,  678 

method  of  administration,  676 

Nocht's  method,  6yg,  696 

salts,  672 
.  time  of  administration,  675 
Quirica,  1097 
Quotidian  fever,  5 
Qushuf,  906 

Rabbit,  268 

experiments  on,  86 
Radesyge,  856 
Radiant  heat,  20 
Radiation,  solar,  24,  26 

terrestrial,  25,  26 
Radiolaria,  214 
Radiotherapy,  11 28 
Raii,  156 
Raifi-belt,  45 
Rainfall,  45 

Colombo,  28 
Raja  punctata,  271 
Rana  angolensis,  Bocage,  271 

esculenta,  L.,  229,  230,  270,  328 

speciosum,  270 

temporaria,  229 

theileri,  Mocquart,  271 

trinodis,  270 
Randia  dumetorum,  Lank.,  107,  117 
Rangoon  local  fever,  794 
RanunculacecB,  lOO,  112,  116 
Rapeau  de  mer,  159 
Raphania  maisitica,  906 
Rasahus  biguttatus,  Say,  510 
Rat,  592  ref. 

bite  disease,  201 

desert,  136 

destruction  of,  591 

flea,  14,  256,  589 

leprosy-like  disease  in,  836 

louse,  256 

poisons,  118 
Ratin,  591 
Rattlesnakes,  172 
Rauwolfia  serpentina,  Benth.,  100 
Raynaud's  disease,  128 
Reaction,  Cammidge's,  948 

Gmelin's,  693 
Lowenthal's,  703 
Marechal's,  693 
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Reaction,  Plehn's,  693 
Schmidt's,  948 

Stephens  and  Christopher's,  693 
Recessus      inter-mesocolicus      trans- 
versa, 924 
Rectal  bilharziosis,  1008 

irrigations,  1003 
Rectitis,  epidemic  gangrenous,  1009 
Rectum,  temperature  in,  52 
RedicB,  359 
Red-leg  tick,  479 
RedufiidcB,  267 
Reduvidcs,  143 
Reduviidts ,  458,  509,  749 
Reduvius  personatus,  L.,  509 
Red- water  fever,  48,  286 
Regulation  of  heat  in  man,  49 
Relapsing  fever,  5,  75,  81,  305,  699 
aetiology  of,  701 
climatology  of,  700 
complications  in,  703 
definition  of,  700 
diagnosis  of,  703 
history  of,  700 
morbid  anatomy  of,  701 
of  Africa,  707 
of  America,  704 
of  Europe,  699 
of  India,  705 
pathology,  701 
prophylaxis  of,  704 
symptomatology  of,  702 
treatment  of,  703 
Religion,  medicine  a  part  of,  1,2 
Remittent  fever,  78,  631,  699 
bilious,  662 
subtertian  fever,  662 
Renal  coma,  93 

disease,  1027 
RepHlia,  166 

trypanosomes  of,  270 
Resorcin,  1086 
Respiration  in  snake-bite,  197 

effects  of  atmospheric  tempera- 
ture, on,  54 
Respiratory  organs,  diseases  of,  915 
Rest-body,  210 
Rhabditis,  Dujardin,  403 

niellyi,     Blanchard,     403,    407, 

447 

genitalis,  Schreiber,  404 
Rhabdonema,  Leuckart,  404 

intesHnale,  Blanchard,  404 

strongyloides,  Leuckart,  404,  735 
Rheumatism,  802 
Rhinal  chilopodiasis,  920 

myiasis,  920,  921 
Rhinia,  Robineau-Desvoidy,  558 
Rhinitis  nervosa,  915 

spastica  vasomotoria,  915,  916, 
922  ref. 


Rhinopharyngitis     mutilans,    916-8, 

922  ref. 
Rhinophyma,  11 59 
Rhinoscleroma,  n6i 
Rhinosporidiosis,  918,  923  ref. 
Rhinosporidium,  Minchin  and  Fan- 
tham,  332;  344  ref. 

kinealyi,  Minchin  and  Fantham, 
.  333,  918 
Rhipicephalm,  Neumann,  477 
Rhipicephalina,  477 
Rhipicephaline ,    Salmon    and    Stiles, 

477 
Rhipicephalus ,  Koch,  477 

Neumann,  479 

bilenus,  Pavesi,  478 

decoloratus,  287 

sanguineus,   Latieille,    272,   284, 
320,  325 
RhipistomideB ,  Marx,  477 

Koch,  477 
Rhizoglyphus    parasiticus,    Dalgetty, 

489 
Rhizoids,  596 

Rhizomucor   parasiticus,    Lucet    and 
Constantin,  598 

septatus.  Von  Bezold,  598 
Rhizophora  mangle,  853 
Rhizopoda,  214 
Rhizopus,  Ehrenberg,  289,  598 

niger,   Ciaglinski   and   Hewelke, 
598,  603 
Rhizostoma  cuvieri,  130 

pulini,  130 
Rhodinus  prolixus,  Stal,  510 
Rhododendron  avboreum.  Smith,  100 
Rhodomyces  erubescens.  Aster,  627 
Rhus  lobata,  1 18 

pumila,  1 18 

toxicodendron,  118 

venenata,  118 

vernicifera,  CandoUe,  1 1 8 
Rhynchoporion    columbte,    Hermann, 
470 

penetrans,  577 
Rhynchoprion ,  Hermann,  469 

Oken,  581 

penetrans,  Oken,  581 

persicum,  Oken,  470 

spinosum,  Marx,  474 
Rhynchoprionidis ,  Baker,  581 
Rhynchostomi,  457 
Rhyncobdellida,  453 
Rhyzopus  nigricans,  908 
Rice-water,  953 
Ricini,  Koch,  460 
RicifiiiB,  Latreille,  460 
Ricinidts,  504 

Ricinus  communis,  L.,  100,  109 
Rig  Veda,  2,835 
Ringworm,  604 
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Ringworm,  black-dotted,  607 
Risipola  Lombarda,  906 
Rocky-Mountain  fever,  288,  468,  483, 

712,  722  ref. 
Rodent  ulcer,  1161 
Rogers'  canula,  968,  1020 
Roman  fever,  63 1 
Romanowsky's  method,  11 13 
Roosbeen  von  Surinam,  827 
Root-fly,  566 

Rophoteifa,  Schellenberg,  577 
Ross's  black  spores,  294 
Rothnocephaloidea,  381 
RubiacecB,  106,  115 
Riickfall&eber,  699 
Rudd  (fish),  272 
Ruhr,  974 

Sabouraud's  maltose  agar,  606,  iioo 
Saccharomyces,  10,  602 

albicans,  Rees,  600 

anginis,  Vuillemin,  602 

blanchardi,  Guiart,  602 

cantUei,  Castellani,  625 

elHpsoides ,  Rees,  602 

lingueB  piloses,  Lucet,  603 

ovalis,  Bizzozero,  625 

ranulatus,    Vuillemin    and    Le- 
grain,  602 

roseus,  Maggiora  and  Gradenigo, 
603 

samboni,  CasteUani,  602,  1097 

tumefaciens,  Busse,  602 

(?)  Busse,  603 
Saccharomycetes ,  599 
Saccharomycosis  hominis,  1093 
Saccobranchus   fossilis,    Bloch.,    156, 

160,  271 
Safat,  855 
Sahafati,  855 

Sakais  tribes,  Malacca,  115 
Salamandarin,  164 
Salamanders,  164 
Salek  (Persian)  ,1111 
Salerno,  School  of,  7 
Salicylic  spirit  lotion,  1133,  1141 
Salmo  fario,  271,  273 

umbla,  385 
Salol,  122 
Samaveda,  2 
Sanbilang  (fish),  159 
Sand-fly,  542,  796 
Sand,  intestinal,  924 
Sanitation,  importance  of,  72 

in  malaria,  686 
Santonin,  941 
Sapindacecs,  117 
Sapindus  rarak,  D.C.,  117 
Sapium  insigne,  too 
SapondacecB,  104 
SapotacecB,  106 


Saraat,  855 

SarcocMe  d'Egypte,  827 

SarcocystidiB,  207 

Sarcocystin,  129 

Sarcocystis,  Lankester,  330,  332,  344 
ref. 
ammodromi,  Splendore,  332 
aramidis,  Splendore,  332 
bertrami,  Doflein,  332 
blanchardi,  Doflein,  332 
hueti,  Blanchard,  332 
kortei,  Castellani  and  Chalmers, 

.  332 

lindemann,  Rivolta,  332 

miescheriana,  Kuhn,  332 

tenella,  Railliet,  129,  330,  332 
bubali,  332 
Sarcodinia,  212-4 
Sarconissus  kolenati,  485 
Sarcophaga,  Meigen,  553 

affinis,  553,  926 

carnaria,  L.,  553,  926 

hcsmatodes,  Joseph,  553,  926 

htsmorrhoidalis ,  Fallen,  275,  553, 
926 

magnifica,  Schiner,  553,  926 

tnvialis,  566 

wohljahrti,  Portschinsky,  553 
SarcophagidiB,  553 
Sarcophila  latifrons.  Fall.,  554 

meigeni,  Schiner,  554 

ruralis.  Fall.,  554 
Sarcopsylla,  Westwood,  581 
SarcopsyllidiB ,  Taschenburg,  581 
Sarcoptes,  LatreUle,  489 

minor,  Fiirstenberg,  489 

scabei,  839 

var.  hominis,  489 
Sarcoptidm,  489,  496  ref. 
Sarcoptoida,  459 
Sarcoptoidea,  489 
Sardinella  neohowii,Wa\.,  121 
Sarmes  (Congo),  11 18 
Sarten  ulcer,  1 1 1 3 
Sassafras,  oil  of,  722 
Sattler's  case  (eimerin),  319 
Satyriasis,  843 
Scalophaga  stercoraria,  566 
Scalp,  elephantiasis  of,  834 
Scarlatiniform  pernicious  fever,  664 
Scarlet  fever,  802 
Scaurtes  striatus,  390 
Schamamismus,  1064 
Schinus  molle,  884 
Schistosoma  htsmatobium,  Bilh.,  352 

japonicum,  Kats.,  352 

mansoni,  Sambon,  352 
Schistosomiasis,  intestinal,  375 

liver  in,  1022  ref.  , 
Schistosomida,  Looss,  351,  370 
Schistosormtm,  Weinland,  370 
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Schistosomum  cattoi,  Blanchard,  375 

htBmatobium,   BilliarZj    370,    377 
ref.,  421,  816,  1025,  1027' 

japonicum,  Katsurada,  375,  ^77 
ref.,  810,  986,  10 1 2 

mansoni,  Sambon,  373,  377  ref., 
743,  986,  1008,  1012,  1025 

(?)    Christophers   and   Stephens, 
375 
Schizocystis,  315 
Schizogregarinda,  315 
Schizogony,  205,  291 
Schizont,  209,  291 
Schizophoya,  550 
Schizopora,  514 
Schmidt's  test,  urobilin,  948 
Schonlein's  purpura,  1154 
Schools  of  Tropical  Medicine,  15 
Schiifiner's  dots,  209,  295,  647 
Schwarzwasserfieber,  688 
Scilletin,  102 
Scleroparei,  156 

Sclerostoma  duodenale,  Cobbold,  432 
Sderostominiz,  Railliet,  432 
Sclerotium  beigelianum,  Hallier,  623 
Scoleciasis,  941 
Scolex,  378 
Scolopendra  cingulata,  142 

gigantea,  142 

heros,  142 

morsitans  J  142 
Scolopendridee,  142,  494 
Scorbutus  alpinus,  go6 
Scorpcena  diabolus,  Cuv.,  156,  163 

grandicornis,  Cuv.,  156 

porcus,  L.,  157,  158 

scrofa,  158,  162 
ScorpcBnidee,  156 
Scorpionidea,  132,  151  ref.,  457 
Scorpion  arrow-poison,  1 1 1 

biles,  140 

venom,  134 
Scorpions,  132 
Scott's  dressing,  776 
Scrotum,  elephantiasis  of  the,  832 
Scutigera  coleoptrata,  495,  926 
Scutengeridce,  495 
Seborrhoea,  scalp,  625 
Seborrhoeic  affections,  1 158 
Segestra  perfida,  St.,  137 
Selachii,  156 

Semnopiihecus  priamus,  227 
Sepedon  hesmochates ,  Lacep,  171 
Septic  blood  arrow-poison,  1 16 

pemphigus,  11 56 

ulcers,  1 125 
Sera,  antivenene,  193 

polyvalent,  194 
Sero-phthisisperniciosa  endemica,  886 
Serous  membranes,  diseases  of,  1039 
Serranus  outabili,  Cuv.  and  Val.,  157 


Serum,  antitetanic,  112 

Brazil's,  194 

Calmette's,  196 

Kitajima's,  194 

Kruse's,  1000 

Lamb's,  193 

Lister  Institute,  1000 

Lustig's,  789 

Noguchi's,  194 

Pasteur  Institute,  1000 

polyvalent,  1000 

Shiga's,  1000 

Tids  well's,  193 

Yersin's,  788 
Serut-flies,  546 
Seven-days'  fever,  699,  794 
setiology  of,  794 
climatology  of,  794. 
definition  of,  794 
diagnosis  of,  796 
history  of,  794 
pathology  of,  795 
references,  807 
symptomatology  of,  795 
synonyms  of,  794 
treatment,  796 
Sewage  systems,  1004 
Sexual  intercourse,  819,  839,  1127 
Sharpe's  arrangement  of  the  Hexa- 

poda,  SOI 
Shashitsu,  717 
Shiga's  serum,  1000 
Shima  Mushi  disease,  717 
Shingles,  1157 
Shlipada,  827 

Shone  system  (sewage),  1004 
Sialis  lutaria,  L.,  445 
Sibbens  (Scotland),  856 
Sierra  fever,  631 
Siesta,  midday,  71 
Sigmoidoscopy,  984 
Sign,  Faget's,  764 
Signatera,  120 
Silkworm  disease,  330,  618 
Siluyidts,  156 

Silvanus  surinamensis ,  L.,  150 
Silvius,  Meigen,  548 

denticomis ,  Wiedemann,  548 
Simaruba  bark,  1003 

officinalis,  983 
Simia  satyrus,  297 

Simonea  foUiculorum ,  P.  Gervais,  490 
Simple  continued  fever,  794 

fever,  78,  79 

fibroma,  n6o 
Simple  quartan  fever,  654 

subtertian  fever,  660 

tertian  fever,  657 
Simpson's  method  (rats),  791 
SimulidcB,  542,  544  ref.,  839 
SimuUdes,  Zelt,  542 
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SimuUncs ,  Rondani,  542 
Simulites,  Newman,  542 
Simulium  columbaczense,  Schonberg, 

543 

damnosum,  Theobald,  543 

gnseicollis,  Becher,  543 

hirtipes,  Fries,  543 

indicum,  Becher,  543 

reptans,  Latreille,  542 
Siphona,  Meigen,  558 

sanguisugens,  Austen,  558 

sHmulens,  Meigen,  558 
Siphonaptera,  Latreille,  557 
Siphonophora,  273 
Siphunculata,  Meinert,  143,  501 
Siriasis,  6,  86 
Sirocco,  40 
Sisturus  miliarius,  L.,  173 

ravus,  Cope,  173 
Sitotoxismus,  122,  889 
Sivvens  (Scotland),  856 
Skin,  aspergillosis  of,  618 

diseases,  1068 

cosmopolitan,  1153 

effects  of  light  on,  68 

tuberculide  of,  603 

tumours  of  the,  1 160 
Sleeping  dropsy,  732 

sickness,  12,  559,  732,  750  ref. 
Bureau,  751  ref. 
vide  Trypanosomiasis 
Slipada,  1050 
Small-pox,  81,  334-7,  802 
Smooth  leprosy,  843 
Snail,  venomous,  151 
Snake-bite,  81,  166 

diagnosis  of,  194 

treatment  of,  195 
Snake,  copperhead,  173 

coral,  171 

egg-eating,  169 

hooded,  169 

Indian  rat,  1 69 

poison,  excretion  of,  191 

rattle-,  172 

stones,  198 

striking  of,  173 

water  mocassin,  169,  173 
Snake- venom,  110,  174 

arrow-poison,  m 

effects  of,  186 

immunity  from,  192 

minimum  lethal  dose,  185 
Soamin,  745-6 
Solanacecs,  107 
Solano,  40 
Solar  erythema,  68 

radiation,  tables,  24 
Solaro  cloth,  72 
Solea  vulgaris,  328 
SoUfuga,  457 


Somatic  tseniasis,  1044,  1057  ref. 
Somomyia  montevidensis ,  Bigot,  569 
Sonnenstich,  88 
Souma  (disease),  254,  268,  547 
South     American     trypanosomiasis, 

749,  75 1  ref. 
South- West  monsoon,  35 
Sparganosis,  1044 
Sparganum,  Diesing,  382,  386 

baxteri,  387,  399  ref. 

mansoni,  Cobbold,  386,  389  ref. 

pfolife'Tum,  Ijima,  386,  398  ref. 
Spargosis  fibroareolaris,  827 
Sparrow,  Java,  270 
Spedalskhed,  835 
Speech,  scanning,  665 
Spermatic  cord,  suppurative  phlebitis 

of,  1034 
Spermatozoid,  595 
SpermopMlus  columbianus ,  713 
Sphisrocystes ,  316 
Sphcsrogyna    ventricosa,    Laboulb6ne 

and  Megnin,  488 
Sphterospora,  329 
Spiders,  132,  137 

arrow-poison,  1 1 1 

venom,  138 
Spigelia  anthelmintica,  loio 
Spirillum  duttoni,  Novy  and  Knapp, 

13,  305-7 
fever,  699 
SpirochcBta,  Ehrenberg,  140,  304 
Schaudinn,  243 

aboriginalis,  Cleland,  308,  11 27 
acuminata,  Castellani,  310,  859 
anodontts,  Keysselitz,  302,  309 
anserina,  Saccharoff,  309 
balanitidis,    Hoffman    and    Pro- 

wazek,  310 
balbianii,  Certes,  302,  309 
bronchialis,  CasteUani,  308,  921 
bufonis,  Dobell,  310 
carteri,     Manson,     301,     307-8, 

3i3ref.,  699,  70s 
culicis,  Jaffa,  310 
dentium,  Miller,  310 
duttoni,  Novy  and  Knapp,  and 

Todd,  13,  301,  305-8  ref.,  313, 

467,  473-4,  699,  707 
evansi,  Steel,  258 
equi,  Novy  and  Knapp,  309 
gallinarum,  R.  Blanchard,  309 
glossiiiee,  Novy  and  Knapp,  310 
hachaiziB,  Kowalski,  310 
laverani,   Breinl  and   Kinghorn, 

310 
lutrcB,  Prowazek,  310 
macaci,  Castellani  and  Chalmers, 

310 
marchouxi,    Nuttall,     304,    309, 

467,  470,  721 
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SpirochtBta,  microgyrata,  Gaylord  and 
Calkins,  310 
muris,  Wenyon,  310 
neveuxii,  Brumpt,  309 
novyi,     Schellach,     301,     307-8, 

313  ref.,  699,  704 
obermeyeri,  Cohn,  305,  700 
obtusa,  Castellani,  310,  859 
ovina,  R.  Blanchard,  309 
pallida,  Schaudinn,  13,  310 
palUdula,  Castellani,  3 1 1 
pertenuis,  Castellani,  13,  311 
plicatilis,   Ehrenberg,   302,    310, 

1119 
recurrentis ,    Lebert,     13,    301-2, 
305-7,     313     ref.,     507,     699, 
700 
refringens,  Schaudinn,  310,  311, 
■     859,  921 

rossii,  Nuttall,  307,  707 
schaudinni,  Prowazek,  308,  1119 
theilen,  Laveran,  309 
vespeytilionis,  Novy  and  Knapp, 

309 
vincenti,  308 
ziemanni,  Schaudinn,  243 

SpirochcBtacea,    Fantham,    301,    313 
ref. 

SpirochcBta,  spreaders  of,  467 

Spirochcstes ,  207,  212 

Spirochstic  dysentery,  986 

Spirochcstidis ,  Ehrenberg,  3O1 

Spirochaetosis,  bronchial,  921 

Spiroflagellata,    Krzysztalowicz    and 
Siedlecki,  301 

Spironema  pallidum,  Vuillemin,  310 

Spiroptera  kominis,  Rudolphi,  408 

Spiroschaudinnia,  Sambon,  304 

_Spiroschaudinnidis,  Sambon,  242,  301 
'Spleen,  diseases  of,  1026 
rate,  640  ' 

Splenomegaly,  tropical,  278,  508 

Sporangium,  595 

Spore-formation,  210 

Sporisorium  maidis,  908 

Sporogony,  205,  210 

Sporont,  212 

Spoyophora,  594 

Sporoplasm  (Minchin)  ,315 

Sporothricoses,  623 

Sporotrichosis,  1095 
Eetiology  of,  1095 
diagnosis  of,  1096 
histopathology  of,  1096 
symptomatology  of,  1096 
treatment  of,  1097 

Sporotrichum,  Link,  622 

beurmanni,  Matruchot  and  Ra- 

mond,  623,  1095 
furfur,  Saccardo,  625 
indicum,  Castellani,  623,  1095 


1215 


Sac 


Sporotrichum      minutissimum, 
cardo,  624 
schenki,  623,  1095,  Hektoen  and 
Perkins 
Sporozoa,  212 

Sporozoon  furunculosum.  Firth,  11 13 
Spotted  fever,  802 

of  Idaho,  712 
of  Montana,  712 
of   Rocky   Mountains,  288, 
712 
aetiology  of,  714 
climatology  of,  713 
complications  in,  716 
definition  of,  712 
diagnosis  of,  716 
history  of,  712 
pathology  of,  715 
symptomatology    of, 

715 
synonyms  of,  715 
prognosis  in,  717 
prophylaxis  in,  7 1 7 
treatment  of,  717 
Sprue,  15,  80,  911,  944,  997-8 
aetiology  of,  945 
climatology  of,  945 
complications  in,  948 
Crombie's  molar  ulcer  in,  947 
definition  of,  944 
diagnosis  of,  949 
diet  in,  950 
faeces  in,  947 
history  of,  944 
morbid  anatomy  of,  946 
pathology  of,  945 
prognosis  in,  949 
prophylaxis  in,  955 
references,  956 
symptomatology  of,  946 
synonyms  of,  944 
treatment  of,  930 
urine  in,  947 
Squirrel,  Indian,  268 

Kathiawar  palm-,  326 
Stable-fly,  555 
Staphylococcus  albus,  11 12 
aureus,  1072 
pyogenicus  aureus,  106S 
Statistical  error,  640 
Stealozooh  folliculorum ,  Wilson,  490 
Stegomyia,  Theobald,  14,  537 
africana,  T.,  538 
amesii,  Ludlow,  538 
annulirostris ,  T.,  537 
argenteomaculata ,  T.,  537 
calopus,   Meigen,    14,    307,    537, 

758,  761 
crassipes.  Van  der  Wulp,  538 
fasicatus,  Fabricius,  14,  269,  271, 
37S,4iS>S37,  758,  761 
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Stegomyia  fyaier,Desvoidy,  S37,  761 

grantii,  T.,  538 

mediopunctata,  T.,  538 

minuta,  T.,  538 

nigeria,  T.,  537 

pensketa,  Giles,  537 

powen,  T.,  537 

pseudonivea,  T.,  538 

puncMateralis ,  T.,  537 

scutellans,  Walker,  537 

simpsoni,  T.,  537 

thomsoni,  T.,  537 

W-  alba,  T.,  537. 
Stenophora,  316 
Stenosis,  cicatricial,  998 
Stentorinidce,  Stein,  341 
Stephanocircus ,  585 

dasyuri,  Skuse,  586 

simsoni,  Roth.,  586 

thomasi,  Roth.,  586 
Stephanolepsis  hispidus,  L.,  121 
Stephanopharynx,  352 
Stephansort,  malaria  in,  684 
Stephens  and  Christopher's  reaction, 

693 
Sierigmata,  595 

Sterigmatocystis  antacusHca,  Cramer, 
615 

nidulans,  Eidam,  616 
Sternberg's  mixture,  766 
Stethomyia,  Theobald,  532 
Stigmatogastey  subterraneus,  495,  926 
Stiles'    pamphlet    on    nomenclature, 

205 
Stimulants  in  snake-bite,  197-8 
Stings,  6 
Stomatitis,  949 
StomoxydiniB,  555 

Stomoxys,  Geoffry,  413,  424,  555,  575 
ref. 

bilineata,  Griinberg,  557 

bouffordi,  267-8 

brunnipes,  Griinberg,  557 

calcitrans,  L.,  258,  555-7,  566 

geniculatus,  258 

glauca,  Griinberg,  557 

inornata,  Griinberg,  557 

korogwensis,  Griinberg,  557 

limbata,  Austen,  557 

nigra,  Macquart,  555,  557 

omega,  Newstead,  557 

pulla,  Austen,  557 

pusilla,  Austen,  557, 

sellata,  Griinberg,  557 

sitiens,  Rondani,  557 

iceniatus.  Bigot,  557 
Storms,  40 
Stovain,  954 

Straits  Settlements,  disease  in,  79 
StreblidtB,  574 
Sirepsiceros  capensis,  259 


Streptothrix  actinomyces,  Rossi-Doria, 
619 

eppingeri,  Rossi-Doria,  620 

freen,  Musgrave  and  Clegg,  620 

israeli,  Kruse,  619 

leproides,  852 

madufcB,  H.  Vincent,  620,  105 1 

mycetomi,  621,  1051 

rosenbachi,  Kruse,  620 

spitzi,  LigniSres  and  Spitz,  619 
Stricture,  1032 

Strombodes  jenneri,  Sjobrung,  334 
StrongylidcB ,  429 
Strongylas  gigas,  Rudolphi,  429 

yenalis,  Moq.-Tand.,  429 
Strongylinis,  Railliet,  430 
Strongyloides,  Grassi,  404 

intestinalis,  Bavay,  404,  447  ref. 

stercoralis,  Bavay,  743,  926,  928, 

945 
Strongyloidosis,  928 
Strongylus,  Miiller,  430 

bronchialis,  Cobbold,  424 

duodenale,  Schneider,  432 

elongatus,  Dujardin,  430 

filaria,  431 

gibsoni,  Stephens,  430,  449  ref., 
926 

instabilis ,  Railliet,  43 1 

longevaginalus,  Diesing,  430 

paradoxus,  Mehlis,  430 

probolurus,  Railliet,  432 

quadridentatus ,  Von  Siebold,  432 

subtilis,  Looss,  431 

suis,  Rudolphi,  430 
Strophanthus  arrow-poison,  112,  113 

barika,  113 

ciabe,  113 

glabris,  113 

kambe,  113 

hispidus,  D.C,  113 

lanosus,  113 
Strychnine,  116,  122 

in  heat  stroke,  94 

in  arrow  poisons,  1 1 2 

in  snake-bite,  197-8 
Strychnos,  99,  112 

castelniisana,  Weid,  117 

colubrina,  L.,  104 

crevauxii,  Planch.,  117 

icaja,  BaUl.,  no,  115 

ignatia,  Berg,  104 

nux  vomica,  L.,  104,  117 

tieuti,  Lesch,  1 1 5  -6 

toxifera,  Schomb.,  117 

wallichiana ,  Benth.,  115-6 
Stupefying,  poisons  for,  99,  107 
Stygeromyia,  Austen,  558 

maculosa,  Austen,  558 

sanguinaria,  Austen,  558 
Stylorhynchidte ,  316 
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Subcutaneous  myiasis,  1108 
Subtertian  fevers,  660 
irregular,  662 
simple,  660 
pernicious,  663 
remittent,  662 

malarial  fevers,  636 
Subtropical  belts,  37 

zone,  20 
Sudamina  papulosa,  11 40 
Suicidal  poisons,  99,  104 
Sun  burn,  68 

stroke,  88 

traumatism,  88 
Superbine,  102 

Supernatural  causes  of  disease,  i 
Superstitions,  caul,  2 

Ceylon,  i 

of  child-birth,  2 

of  pregnancy,  2 

West  African,  i 
Suppurative  conditions,  310 

corditis,  1034 
Suprarenal  haemorrhage,  acute,  1025 

disease,  1025 
Surra,  12,  254,  258,  555 
Sus  scrofa  ferox,  428 
5utika,  1038 

Sycorax  silacea,  Hal.,  542 
Sycosis  coccogenica,  1 1 54 

trychophytic,  608 
Symmetrical  palmar  erythema,  ii5o, 
1 15 1  ref. 

ear  nodules,  1136,  1138  ref. 
Symphoromyia ,  550 
Symptom,  Castellani-Low,  744 

Keraudel,  744 

Winterbottom,  744 
Symptomatology,  ancient,  3 
Synanceia  brachio,  Cuv.,  155-7-8-9 

verrucosa,  Schneider,  158-9 
Syncitium,  401 
Synclonus  beriberia,  886 
Syncope,  heat,  86,  94-5 
Synkaryon,  211,  293 
Synochus  putrida,  802 
Syphilis,  3,  7,  77,  310,  §73,  1032 
Syringomelia,  851 

Syringospora  robini,  Quinquand,  600 
Symium  aluco,  243-4,270 
Syrp hides,  550 

Tabanidce,  267,  424,  546,  575  ref, 

TabanintB ,  547 

Tabanus  tergestinus ,  274 

Tabanus  africanus,  Gray,  548 
bovinus,  L.,  548 
diteeniatus,  Macquart,  547-8 
fasciatus,  Fabricius,  548 
glaucopis,  Meigen,  275,  547 
gratus,  Loew,  548 


Tabanus  hilarius,  548 

lineola,  258 

nemoralis,  Meigen,  547 

nigritus,  Fabricius,  547 

socius,  Walker,  548 

tergestinus,  Walker,  277 

tropicus,  258 

virgatus,  Austen,  548 
Taberneemontana  malaccensis ,  Hook, 

115 
Tabificidce,  330 
Tables,  of  Anophelincs,  532 

of  barometric  pressure,  34-5 

of  blood  observations,  57 

of  causes  of  death,  78 

of  cestodes  in  man,  381 

of  Ceylon  plants,  100 

of  culicints,  536 

of  dysentery  bacilli,  990 

of    dermatomycoses,    tropical, 
1074 

of  dermatozoiases,  1 107 

of  evaporation,  5 1 

ot  fasciolides,  355 

of  fleas  on  rats  and  mice,  586 

of  humidity,  42-3 

of  intestinal  bacteria,  990 

of  modern  journals,  16 

of  nematoda,  402 

of  parasites  of  alimentary  canal, 
925 

oi  perisporiacecs ,  613 

of  poisons,  99 

of  rainfall,  42-3-4 

of  solar  radiation,  24 

oistomoxys,  557 

of  tcenia,  382-3 

of  terrestrial  radiation,  25 

of  temperature,  22,  27,  30 
of  body,  55,  59 

of  trematoda,  352 

of  ulcers,  1 1 24 

of  urinary  observations,  65 
Tache    endemique    des    CordilliSres 

(Alibert),  1097 
Tcsnia,^^.,  378,  382,  392 

acutissima,  Pallas,  391 

cegyptiaca,  Bilharz,  390 

africana,  von  Linstow,  383,  394, 
399  ref.,  926 

anseris,  Blochmann,  391 

anserurn,  Frisch,  391 

armata  humana,  Brera,  393 

bremneri,    Stephens,    383,    396, 
399  ref.,  926 

canina,  Leuckart,  388 

confusa,  Ward,  383,  395,  399  ref., 
926 

crassicoUis,  380 

cucumerina,  Blochmann,  388 

cucurbidaceis,  Pallas,  393 

77 
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TcEnia,  cucurbitina,  Pallas,  39  1 
demarariensis ,  Daniels,  391 
dentata,  Batsch,  384,  393 

Nicolai,  394 
diminuta,  Rudolphi,  389 
echinococcus ,  Siebold,  396 

Zeder,  396 
elliptica,  Batsch,  388 
flavopunctata ,  Weinland,  389 
grisea,  Pallas,  384 
hominis,  von  Linstow,  383-4,  395, 

399  rel,  926 
hydatigena,  382,  396 
lanceola,  Batsch,  391 
lanceolata,  Blochmann,  391 
lata,  L.,  384 

Pruner,  394 
Uptocephala,  Creptlin,  389 
madagascariensis ,  Davaine,  391 
mediocanellata,     Kiichenmeister, 

394 
membraneacea,  Pallas,  384 
mermis,  Brera,  394 
minima,  Grassi,  389 
murina,  Dujardin,  390 
nana,  van  Beneden,  396 

von  Siebold,  390 
pellucida,  Goeze,  393 
philippina,   Garrison,   383,    395, 

399  ref.,  926 
pisifoymis,  Bloch,  382 
rhinaria,  Pilger,  491 
saginata,  Goeze,  131,  346,  383-4, 

394,  399  ref.,  926,  1012 
solium,  L.,  383-4,  393-4,  399  ref., 

926,  IOI2 

var.  abietina,  Weinland,  393 

tables  of,  382-3 

tenella,  Pallas,  384 

teniaformis,  Bloch,  382 

tropica,  Moq.  Tand.,  394 

varesina,  Parona,  389 

vulgaris,  L.,  384 
Werner,  393 

zittavensis ,  Kiichenmeister,  394 
T (Bniarhynchus ,  Weinland,  393 
Taeniasis,  somatic,  1044 
TaniidcB,  Ludwig,  388 
Tceniince,  Stiles,  392 
Tteniorhynchus,  383 

fuscopennis,  415 
Tamil  invasion  of  Ceylon,  3 
Tampan  (Zambesi),  473 
Tanghinia  venenifera,  Poir,  1 10. 
Tan j  ore  pill,  198 
Tankworm,  417 
Tanypos,  275 

Tapeworm,  4.      Vide  Tcenia 
Tapioca,  108 
Tarantismus,  140 
Tarantula  dance,  140 


Tarbardillo,  El,  802 

Tarbophis  savignyi,  Descr.,  169 

Tarsonemidie,  488 

Tarsonemus  intectus,  489 

Taschkent  Jarassi,  1 1 1 1 

Tatties,  72, 

Tattooing,  U46 

Telangiectases,  multiple,  1 1 60 

Teleostei,  156,  164 

Teleostomi,  157 

Telesporidia,  210 

Telosporidia,     212,     213,     314,     344 

ref. 
Telson,  133 
Temperature,  21 

atmospheric,  effects  of,  54 
body,  52 

effect  of  heat  on,  57 
earth,  26 
experiments,  85 
normal,  52 
tables,  22 
Tenesme,  974 
Tenesmus,  6 
Tentacularia,  Zeder,  424 

subcompressa,  Zeder,  424 
Teori,  123 
Tephrosia  piscatoria,  Pers.,  117 

toxicaria,  Pers.,  117 
Ternek,  arrow-poison,  115 
Terrestoal  radiation,  25,  26 
Tersesthes  torrens,  Townsend,  541 
Tertian  fever,  maJarial,  5,  6,  294,  636 
double,  659 
fevers,  irregular,  657 
Tertiana  duplex,  657 

simplex,  657 
Testudo  ibera.  Pall.,  327 
Tetanic  pernicious  fever,  665 
Tetanus,  10,  76 
Tetia  (Congo  Coast),  855 
Tetramitidcs ,  BiitschD,  228 
TetranychideB,  488 

Tetranychus    molestissimus,    Weyen- 
bergh,  488 
telarius,  var.  russeolus,  L.,  488 
Tetrao  urogallus,  243,  246 
Tetraphyllidea,  Carus,  381 
Tetrapoda,  459 

TetrasporocystidiB,  L6ger,  318 
Tetrodin,  121 
Tetrodon  fluviatilis,  158 
hispidus,  121 
poicelonotus,  121 
porphyreus,  121 
rubripes,  121 
stellatus,  121 
sticonotus,  121 
vermiculans,  121 
Tetrodonic  acid,  121 
Texas  fever,  285,  480 
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rhalassin,  130 

Thalassophryne   maculosa,   Giinth, 
157-8,  160 

reticulata,  Giinth.,  157 
Thallophyta,  593 
Thallus,  594 
Thanatophidia,  168 
Thecamoebida,  2.14,  224 
Thecosoma,  Moquin-Tandon,  370 
rA^/oAa»Ja,  Henneguy,  330 
Theobald's  classification  of  CuUcida, 

530 
Theonin,  852 
Thermic  fever,  86-7-8 
Theraphosa  avicularia,  L.,  137,  139 

blondi,  Latr.,  137 

javanesis,  Walck,  137 
Theriac,  166 
Theridium  lugubre,  Koch,  137-8 

tredecim  guttatim,  F.,  137 
Therioplectes,  Zeller,  548 

borealis,  Meigen,  548 

micans,  Meigen,  548 

montanus,  Meigen,  548 

tropicus,  548 
TherevididiB,  550 
Theurgic  medicine,  2 
Thevetia  ahovai,  D.C.,  99,  104 
Thevetin,  loi 
Thiosinnamin,  829 
Thiroux'  formula,  747 
Threadworm,  444 
Three    days    fever,    752,    796,    807 

ref. 
Thrombosis,  1024 
Thrush,  600,  949 
Thugs,  107 

Thymalis  vulgaris,  385 
Thymol,  930,  93^,  94i 
Thymus,  disease  of,  1026 
Thyroid,  disease  of,  1025 
Tick,  14,  132,  140,  457 

black     pitted     (South     Africa), 

blue  {South  Africa),  480 
"  bont,"  486 

brown  (South  Africa),  478 
dog,  479 

European,  485 
South  African,  483 
castor-oil,  484 
fever,  13,  75)  707 
of  Miana,  721 
of   the    Rocky    Mountains, 

712 
of  Wyoming,  722 
red-leg,  479 
trypanosomes  in,  292 
Ticpolonga  (Ceylon),  172,  189 
Tidswell's  pure  serum,  193 
Tifo  esantematico,  802 


Tiger-moth,  147 

Tina,  1097 

Tinea  alba,  609,  io8i,  1090 

albigena,  609,  1079 

barbiB,  607,  1 1 5  5 

capitis,  604-5,  1 155 

circinata,  607,  1155 

corporis,  607 

cruris,  1075-6-7-8 

flava,  1087-91 

imbricata,  17,  610,  618,  1083-4-5 

inguinalis,  1075 

intersecta,  610,  1086-7 

nigra,  627,  1091-2 

nigro-circinata,  609,  1082 

nodosa,  1 105 

sabouraudi,  108 1 -2 
Tipiladcs,  Leach,  540 
TipulariiS  culiciformis,  540 

latipennis,  Meigen,  542 
Tlalsahuate  (Mexico),  487 
T'neuta  (Karroo),  no 
Toads,  164 
Toar,  122 
Tobacco,  99,  106 
Tochu-bio,  717 

Toes,  dermatitis  rimosa  of  the,  107 1 
Tokelau  (Samoa),  1083 
Tona  (Tonga  Island),  855 
Tondaute  peladoide,  607 
Tonga  (New  Caledonia),  855 
Tongue,  black,  598,  603 

furrowed,  11 65 

mycosis  of,  598 

purple,  1 165 

scrotal,  1 165 
Topees,  72 

Torcel  (Venezuela),  552 
Tormina,  974 

Tortoises,  trypanosomes  of,  270 
Toruahebue,  732 
Tourniquet,  1059 

in  snake-bite,  196 
Toxascaris,  Leiper,  442 

canis,    Werner,    443,    450    ref., 
926,  940 
Toxicology,  ancient,  3 
Toxoplasma,  NicoUe  and  Manceaux, 
281,  312  ref. 

gondii,  NicoUe    and    Manceaux, 
281 

splendore,   Castellani  and   Chal- 
mers, 281 
TrachinidtB,  157 
Trachinus  araneus,  Riss,  157-8 

draco,  L.,  157-8 

radiatus,  Cuv.,  157-8,  161 

vipera,  Cuv.,  155,  157-8 
Trachoma,  337 

Tracyhderma  horridum,  Wiegm.,  1 99 
Trachymeduses,  130 
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Trade,  poisons  used  in,  ii8 

winds,  ^y 
belt,  47 
Tragelaphus  scnptus  sylvaticus,  259 
Trematoda,    Rudolphi,    8,    349,    345, 
376  ref. 

diseases  due  to,  82 
Treponema,  13 

pallidum,   Schaudinn,    310,    313 
ref.,  858 

pertenue,    Castellani,     13,     311, 
313  ref.,  857,  860 

sp.  (?),  Dobell,  311 
Treponemata,  207,  212 
Treponemida,  Schaudinn,  310 
Trial  by  ordeal,  1 10 
Trichina,  Owen,  427 

contorta,  Botkin,  403 

cystica,  Salisbury,  408 
Trichinella,  Railliet,  427 

spiralis,   Owen,    203,    346,    427, 
449  ref.,  926 
Trichinellidce ,  427 
Trinchiniasis,  346,  427 
Trinchinosis,  428 
Trichocephaliasis,  929 
Trichocjephalus  dispar,  Rudolphi,  428 

hominis,  Schrenk,  428 

trichiura,  929 
Trichodectes  canis,  388 

subrostratus,  388 
Trichoderma  roseum,  Persoon,  622 
Trichomastix,  229 
Trichomonas  batrachorum,  Party,  229 

cavicB,  Davaine,  229 

evansi,  Crookshank,  258 

hominis,  Davaine,  10,  228-9,  985 

intestinalis ,  Leuckart,  229,  343, 

743,  925,  928 
irregularis,  Salisbury,  228 
lacertce,  Blochmann,  229 
lewisi,  Crookshank,  256 
limacis,  Dujardin,  229 
perronciti,  Castellani,  229 
pulmonalis,  Schmidt,  228-9 
suis,  Gruby  and  Delafond,  229 
vaginalis,  Donne,  228,  744 
Trichomonata,  220 

Trichomyces  craterijorme,  Bodin,  607 
megalosporum  endothrix,  Sabou- 
raud,  607 
Trichomyces     tonsurans,     Malmsten, 

607 
Trichomycosis  nodosa  of  temperate 
,   zones,  1 106 
tropica,  1105 
Trichopalpus  obscurus,  Phil.,  550 
Trichophyton,  Malmsten,  605 
acuminatum,  Bodin,  607 
albisciscans,   Nieuwenhuis,   609, 

1079 
album,  606,  609 


Trichophyton,  blanchardi,  Castellani, 
60.9,  108 1 
castellani,  Brook,  610,  1075 
ceylonense,  Castellani,  609,  1082 
crateriforme  flavum,  C.  Fox,  607 
cruris,  Castellani,  610,  1075 
depilans,  M6gnin,  606,  608 
equinum,  Gedoelst,  606,  608 
felineum,  R.  Blanchard,  606,  608 
flavum,  Bodin,  608 
foxi,  Castellani,  606-7', 
macfadyeni,  Castellani,  6Q9,  108 1 
mansoni,  Castellani,  610,  1083 
megnini,  R.  Blanchard,  606,  608 
mentagrophytes ,  Robin,  5o6,  608 
ochraceum,  Sabouraud,  606,  608 
perneti,  Castellani,  610 
pictor,  R.  Blanchard,  616,  1099 
rosaceum,  Bodin,  608 
roseum,  Bodin,  608 
sabouraudi,  R.  Blanchard,  606, 
607,  1081 
Castellani,  609,  108 1 
tonsurans,  Malmsten,  606 
verrucosum,  Bodin,  606,  608 
violaceum,  Bodin,  606 

Trichophytoses,  1155 

Trichorrhexis  nodosa,  1164 

Trichorporosis  indica,  1 105 
of  temperate  zones,  1105 
tropica,  1 104,  1 106  ref. 

Trichosporum,  Behrend,  623 

beigeli,  Rabenhorst,  623,  1105 

VuUlemin,  623 
giganteum,  Behrend,  623,  1 105 
ovale,  Unna,  624,  1 105 
ovoides,  Behrend,  624,  1105 
palmellina,  Pick,  1106 

Trichostrongylus,  Looss,  431,  449  ref. 
instabilis,  Railliet,  431,  926 
probolurus,  Railliet,  432,  926 
vitrinus,  Looss,  432,  926 

Trichuriasis,  929-931 

Trichuris,  Biittner,  428 

trichiura,  L.,  346,  428,  449  ref., 

812,  926,  929 
trichuris,  743 

Tricothecium,  Link,  622 
roseum,  Persoon,  622 

Trigla  hirundo,  156-7-8 

Triglidcs,  156 

Trigliformes ,  156 

Triglobius  gracilis,  275 

Trimorphodon  biscutatus,  D.  and  B., 
169 

Triodontophorus,  Looss,  439 

deminutus,  Railliet  and  Henry, 
439,  926 

Triodontus,  Looss,  439 

Trionvx  cartilaginens ,  Boddert,  327 

Triple  quartan  fever,  657 

Triton  cristatus,  Laur.,  164 


INDEX 


1221 


Trodontophorus  deminutus,  ref.  449 
Trombididis,  487 
Trombidium,  288 

tlalsahuate,  Lemaire,  487 

holosericeum,  487 
Trombidoidea,  459,  487 
Tropenkohler,  65 
Trophonucleus,  208,  24S 
Trophozoites,  209,  290 
Tropic  of  Cancer,  18 

Capricorn,  18 
Tropics,  clothing  in,  70 

incidence  of  disease  in,  75 
Tropical  Africa,  disease  in,  82 

amnesia,  yi 

anaemia,  433 

aphtha,  944 

chlorosis,  931 

climates,  18 

effects  on  man,  49 

climatology,  18 

dermatomycoses,  1074,  1 106  ref. 

exhaustion,  69 

fury,  65 

heart,  1025 

intoxications,  97,  120 

liver,  1013 

medicine,  beginning  of,  8 
history  of,  I 
schools  of,  15 

neurasthenia,  1065 

pityriasis  versicolor,  1087 

splenomegaly,    278    {vide    Kala- 
azar) 

swellings,  1046 

winds,  38 
Tropidonotus  fasciatus,  169 

natrix',  169 

piscator,  Schn.,  168,  327 
Tropische  phagedeuismus,  in8 
Tropischer  leberabszess,  1015 
Trout,  brown,  271 
Trutta  lacustns,  385 

vulgaris,  385 
Tubercular     disease,     Godfrey     and 
Eyres,  1050 

leprosy,  843 
Trygon  pastinaca,  Cuvier,  156,  164 

sephen,  164 

walga,  Mull.,  164 
Trygonidcs,  156,  164 
Trypan  red,  484,  746 
Trypanblau,  484 
Trypanomonas,  Danilewsky,  247 

lewisi,  Labbe,  256 

murium,  Danil.,  256 
Trypanomorpha,  Leger,  235 

Woodcock,  243 
Trypanophis,  Keysselitz,  246,  273 

grobbeni,  Poche,  273 
Trypanoplasma,  Laveran  and  Mesnil, 
246,  272 


Trypanoplasma,   abramidis,  Brumpt, 
273 

barbi,  Brumpt,  273 

borrelU,  L.  and  M.,  252,  272, 

cyprini,  Plehn,  272 

guernei,  Brumpt,  273 

intestinalis ,  L6ger,  273 

truttcB,  Brumpt,  273 

varium,  Lfeger,  273 

ventriculi,  Keysselitz,  273 
Trypanosoma,  Gruby,  247 

Schaudinn,  235 

avium,  LaVeran,  270 
minus,  270 

bandicotti,  Lingard,  268 

barbatulcB,  252 

blanchardi,  Brumpt,  269 

boneti,  Martin,  270 

brucei,   Plimmer  and  Bradford, 
12,  247,  252-4-s,  258,  558 

castellani,  Kruse,  264 

cazalboui,  Laveran,  254,  268 

christophersi ,  Novy,  272 

confusum,  Liihe,  270 

congolense,  268 

culicis,  Novy,  271 

criceti,  Liihe,  268 

crusi,  Chagas,  267,  510,  749 
,  cuniculi,  R.  Blanchard,  268 

demonicB,  L.  and  M.,  270 

dimorphon,  L.  and  M.,  254,  260 

dionisi,    Bettencourt,     and     F., 
269 

duttoni,  Thiroux,  268 

elmassiani ,  Ligni^res,  261 

equinum,  Vosges,  12,  261,  255 

equiperdum,    Dofiein,     12,    248, 
254,  262 

evansi,  Steel,  12,  251,  25;,  258, 

555 
fordii.  Maxwell,  264 
gambiense,  Dutton,  ii,  12,  248, 

250-5,  559,  264,  732-3,  1025 
grayi,  Novy,  234,  252,  255,  271 
hominis,  Manson,  264 
indicum,  Liihe,  268 
inopinatum,  Sergent,  271,  320 
laverani,  Novy  and  McNeal,  270 
lesc'henaulti,  Robertson,  269,  270 
lewisi,   Kent,    12,   247,   251-5-6, 

266,  502,  577 
luis,    Krzysztalowics   and   Sied- 

lecki,  310 
minasense,  Chagas,  269 
musculi,  Kendall,  268 
myoxi,  R.  Blanchard,  269 
nana,  Laveran,  254,  267 
nel.spruitense,:'La,veTa,n,  271 
nepveui,  Sambon,  264 
nicolleorum,   Ed.   and   Et. ,   Ser- 
gent, 269 
noctucB,  Schaudinn,  271 
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Trypanosoma  paddte,  L.  and  M.,  270 
pocuadi,  Laveran,  254,  268 
pertenuis,  Robertson,  270 
pestania,EetteDcoviita.nd  Fran9a, 

269 
pythonis,  Roberason,  270 
rabinowitschi,  Brumpt,  268 
rajiB,  Laveran  and  Mesnil,  247, 

252,  266,  271 
rattorum,  Borner,  256 
remaki,  Laveran  and  Mesnil,  271 
rotatorum,  319,  320 
rotatorium,  Mayer,  270 
rougeti,  Laveran  and  Mesnil,  258 
saccobranchi ,       Castellani      and 

WjUey,  271 
sanguinis,    Kanthack,    Durham 
and  Blandford,  256 

Gruby,  270 
somalense,  Brumpt,  271 
Soudanese,  268 

theileri,  Bruce,  12,  254,  263,  574 
transvaaliense,  Laveran,  263 
tullocki,  Minchin,  271 
ugandense,  Castellani,  264 
undulina,  319 

vespertilionis ,  Battaglia,  269 
vittatcB,  Robertson^  269,  270 
vivax,  Ziemann,  254,  267 
ziemanni,  Schaudinn,  271 
Trypanosomen  Fieber,  732 
Trypanosomes  in  birds,  269 
in  fish,  271 
in  frogs,  270 
in  invertebrata,  271 
in  mammals,  256 
in  mosquitoes,  271 
in  reptiles,  270 
in  ticks,  272 
Trypanosomiases,  the,  732 

treatment,  746-7 
Trypanosomiasis,  75,  82,  310,  559,  732 
African,  732 

aetiology  of,  735 

blood  in,  742 

cerebral  stage  of,  740 

complications  in,  743 

definition  of,  732 

diagnosis  of,  744 

epidemiology  of,  734 

febrile  stage  of,  740 

geography  of,  734 

history  of,  732 

morbid  anatomy  of,  737 

pathology  of,  736 

prognosis  in,  745 

prophylaxis  in,  447 

references,  750 

symptomatology  of,  739 

synonyms  of,  732 

treatment  of,  745 

urine  in,  743 


Trypanosomiasis,    South   American, 

749,  751  ref. 
TrypanosomidcB,  Sambon,  246,  312  ref. 
Trypanozoon,  Liihe,  247 

lewisi,  Liihe,  256 
Trypanrot,  260,  484 
Tryphan-red,  733 
Tschiban  (TurHsh),  mi 
Tsetse-fly,  12,  256,  558 

trypanosomes  in,  271 
Tsutsugamushi  disease,  288,  458,  488, 
713,  717,  722  ref. 
account  of,  717-721 
Tubercular     disease,     Godfrey     and 
Eyres,  1050 

leprosy,  843 
Tuberculosis,  82,  924 
Tula  Manugina,  732 
Tulip,  wild  S.  A.,  103 
Tumbu-fly  disease,  1109 
Tumours  of  the  skin,  1 160 
Tunnelkrankheit,  931 
Tuntum,  931 
Twining' s  pill,  1002 
Tydeus  molestus,  Moniez,  488 
Tylenchus,  Bastian,  403 

putrefaciens,  Kiihn,  403 
Tylophora    fasciculata,    Buch-Ham. , 

100, 118 
Typhloceras,  585 

poppei,  Wag.,  586 
Typhlopsylla,  585 

agyrtes,  Heller,  586,  587 

assimilis,  Taschenberg,  586,  587 

prosuma,  W.,  586 

pseudogyrtes,  Baker,  586 
Typhlopsyllints,  Tiraboschi,  584-5 
Typhoid,  10,  75-7-8-9,  672,  800,  998 

and  flies,  14,  566 
Typho-malaria,  669 
Typhus,  7,  81,  802-805 

exanthematicus,  288 

exanthematique,  802 

icteroides,  758 

recurrens,  699 
Tyroglyphidee,  489 
Tyroglyphus  farinee,  De  Geer,  489 
Tyzzar,  147 

Uciunga,  arrow-poison,  114 
Ulcera  de  Bauru  (Brazil),  iiii 
Ulcerating  granuloma  of  the  pudenda, 

1 1 26,  1 1 30  ref. 
Ulcerative  dermatitis,  A.  Plehn,  1072 
Ulcdre  d' Orient,  iiii 

phagfed^nique  des  Pays  Chauds, 
1118 
endemique,  11 18 
Ulcers,  aspergillosis  of,  618 
chronic,  1125 
diphtheroid,  11 26 
painless  chronic,  1126 
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Ulcers,  remarks  on,  1 1 24 
septic,  1125 
subchronic,  1125 
undetermined,  1125 
Ulcus  infantum,  1123-4 
interdigitalis,  1123 
tropicum,3o8,i  1 18-1 122,1 1 3oref. 
Uncinaria  americana,  Stiles,  438 
Uncinariasis,  931. 
Unclassified  fevers,  793 
'  Unclean  person,'  i 
Undulant  fever,  75,  770-776,  ref. 
Undulina,  Ray  Laukester,  247 

ranarum,  Ray  Lankester,  270 
Unknown  diseases,  1 5 
Unna's  ointment,  852 
Upas  arrow-poison,  115 

tieute  of  Borneo,  1 1 6 
Ura  (Brazil),  552 
UranoscopidiSj  157 
Ureteritis  cystica,  336 
Urethra,  aspergillosis  of,  618 
Urhur,  122 

Urinary  organs,  diseases  of,  1027 
schistosomiasis,  1027 
aetiology  of,  1027 
climatology  of,  1027 
complications  in,  1030 
definition  of,  1027 
diagnosis  of,  1030 
history  of,  1027 
pathology  of,  1028 
prognosis  in,  1030 
references,  103 1 
symptomatology  of,  1029 
synonyms  of,  1027 
treatment  of,  1030 
system,  efiects  of  heat  on,  65 
Urobilin,  946 
Uropodidts,  459 
Urosporidium,  334 
Urot<enia,  415 
Urticaceae,  112,  115 
Urticaria,  1 1 5  5 

pigmentosa,  11 55 
UsHlago  hypodytes,  Schlecht,  618 

Vaccine  treatment,  dysentery,  1003 
Vanilla  itch,  109 

planifolia,  109 
Vanillismus,  109,  489 
Variable  winds,  36,  39 
Variations,  periodic,  temperature,  26 
Varicocele,  1024 
Varicose  lymphatic  glands,  825 

veins,  1024 
Vascular  modifications  (light),  71 
Vederellas,  874 
Vegetal  food  poisoning,  122 

parasites,  593 
Vegetation,  in  prophylaxis,  73 
Veldt  sore,  1072,  1073  ref. 


Vena  medinensis,  Velsch,  417 
Venom,  ant,  147 
bee,  144 
centipede,  143 
lizard,  199 
scorpion,  134 
snake,  174 
spider,  138 
Venomous  animals,  129 

fish,  154 
Ver  du  Cay  or,  569 

macaque  (Cayenne),  552 
moyoquil  (Mexico),  552 
Vermiformia,  459,  490 
Verruca  seborrhoeica,  1161 

senilis,  1161 
Verrucae,  1161 
Verruga  Andicola,  876 
Blanda,  876 
de  Castilla,  876 
de  Crapaud,  876 
de  Sangre,  876 
de  Zapo  6  de  Quinua,  876 
Mular,  876 
of  the  Andes,  876 
peruviana,  873,  876 
aetiology  of,  879 
climatology  of,  878 
complications  in,  882 
definition  of,  876 
diagnosis  of,  884 
history  of,  876 
pathology  of,  880 
prognosis  in,  884 
references,  885 
symptomatology  of,  881 
synonyms  of,  876 
treatment  of,  884 
varieties  of,  882 
Vertige  paralysant,  1059 

ptosique,  1059 
Vespa  crabo,  L.,  144 

germania,  Fabr.,  144 
orientalis,  144,  146 
vulgaris,  L.,  144 
Vesperiilio,  Kuhli,  309 
Vertigo,     endemic    paralytic,     1059, 

1067  ref. 
Vesperiilio  kuhli,  Natt,  269 

myotis,  Bechst.,  269 
Vetch,  red,  123 

Spanish,  123 
Vibrio  carriers,  961 

cholera,  Koch,  958 
Vigna  catjang,  Walp,  122 

filosa,  Savi,  122 
Village,  West  African,  i 
Viper,  horned,  173 
Vipera  berus,  L.,  173,  179 

»'MS5eZK,Shaw,i68, 172-3-5, 178, 185 
M.  L.  D.,'185 
bite  of,  193 
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VipevidcB,  172 

ViperincB,  172-3 

Viperine,  167 

type  of  venom,  168 
venom,  immunity,  192 

Vinegar  eel,  403 

Vision,  green,  125 

Vital  spot,  2 

Vitiligo,  1142 

Vlekkoorts,  802 

Vleminckx  solution,  1079 

Vorticellce,  340 

Vulva,  elephantiasis  of,  833 

Waba,  arrow-poison,  1 1 3 

Wabain,  113 

Wabajo,  arrow- poison,  113 

Wafiomi  tribes,  114 

Wagogo  tribes,  114 

Wakamba  tribes,  1 1 3-4 

Wall-louse,  506 

Warble-fly,  550 

Walsura  piscidia,  Roxb.,  117 

Warburg's  tincture,  673 

Warts,  filiform,  1161 

gonorrhoeal,  1 1 6 1 
Wasp,  144 

stings,  6 
Wataita  tribes,  113 
Water-mocassin  snake,  169,  173 
Weapons,  poison  on,  1 1 1 
Wechselfieber,  631 
Weever,  lesser,  155 
Weil's  disease,  695 
Werlhof's  purpura,  11 54 
West  monsoon,  39 
Whey  diet,  951 
Whip-worm,  428 

infection,  929 
Whitehead's  operation,  1009 
Whitmania,  R.  Blanchard,  455 

ferox,  R.  Blanchard,  455 
Whooping-cough,  802 
Widal's  reaction,  703 
Wildebeeste,  259 

Wilson's  eczema  verrucosum,  1157 
Wind,  Harmattan,  40 

Khamsin,  40 

land,  39 

mountain,  39 

Pamperos,  40 

sirocco,  40 

solano,  40 

storms,  40 
Winds,  36 

local,  39 

periodical,  37 

permanent,  36 

trade,  37 

variable,  39 
Winterbottom's  sign,  740,  744 
Wire-netting,  684 


Witch-doctors,  i 

Withania  somnifera.  Dun.,  100 

Wood-owl,  270 

Worms,  disease  due  to,  3 

Wright  bodies,  1 1 1 3 

-Cunningham  bodies,  1 1 1 3 
Wright's  method,  728 

reaction,  800 

Xanthoma  diabeticorum,  1 1 60 

planum,  n6o 

tuberosum,  1160 
Xanthum  macrocarpum,  488 
Xantoderma  areatum,  1 146,  1 150  ref. 
Xenodon  severus,  169 
Xeroderma  pigmentosum,  71 
Xilocopa  violacea,  144 

Yaws,  13,  130,  855.    Kjtfe  Framboesia 

tropica 
Yangonin,  105 
Yaya  (Carib),  856 
Yellow  fever,  15,  758 

aetiology  of,  760 
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PLATE  I. 
THE   MALARIAL   PARASITES. 

Coloured  by  Leishman's  Stain. 

la-^a.  Plasmodium  Malaria. 
ifl.  Young  Trophozoite. 
28.   Older  Trophozoite. 
3a.   Schizont. 
4a.   Sporulation. 

16-86.  Plasmodium  Vivax. 

16.  Young  Trophozoite. 

26.  Older  Trophozoite,  showing  Amoeboid  Movement. 

36.  Schizont  with  single  Chromatin  Mass. 

46.  Schizont  with  three  Chromatin  Masses. 

56.  Sporulation. 

66.  Young  Sporont. 

76.  Microgametocyte. 

86.  Macrogaraetocyte. 

1C-4C.  Laverania  MalarI/E. 

ic.  Two  Young  Trophozoites. 

2C.  Sporulation. 

y.  Macrogametocyte. 

HC.  Microgametocyte. 


